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 THE BIOZONE HYBRID MULTIPURPOSE BIOSENSOR 

 

 

 

The following document is a description of a crucial and relevant component of the BioZone 

System as presented for funding consideration. The BioZone Biosensor is a catalyst innovation 

that will revolutionize point of care rapid diagnosis of diseases that have conventionally required 

invasive and timely procedures. Many such procedures have traumatic emotional consequences 

in children often with lasting effects.  

Medically invasive procedures such as blood sample collections or swabbing posterior nasal and 

oral cavities, for example, often necessitates the cooperative actions of several healthcare 

personnel and the parents needing to physically restrain the child against their will. Especially in 

children that are subjected to frequent healthcare visits, children become emotionally sensitive 

and reluctant to cooperate. Little literature can be found regarding long term emotional 

consequences resulting from medical care intervention and Vertu Realities theorizes that aberrant 

behavior in teen and young adult ages may quite well be a sequelae of one or a combination of 

emotional injuries sustained in early age. 

With nearly 40 years of clinical experience in Emergency Medicine in the New Orleans area, I 

learned to recognize that underprivileged and disadvantaged children reacted more violently and 

reluctant to cooperate in contrast to children having had a stabler family nucleus. Additionally, 
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having had the opportunity to watch children grow up with frequent emergency department 

visits, stemming from insufficient or lack of family healthcare insurance, I correlated the mental 

outlook on life as well as ambition to succeed in life with the reactions observed during 

healthcare visits. Additionally, the underprivileged and disadvantaged parent more often than not, 

expressed their predetermined resentment based on learned behavior from being talked down to 

from showing up to an Emergency Department with what was usually deemed to be 

nonemergent as defined by practicing department providers and personnel. 

I. ABSTRACT 

Note: The following BioZone Multipurpose Biosensor document is an extracted discussion from 

a provisional patent submission of Vertu Realities LLC and the claim section has been omitted 

for sensitive and confidential IP protection. 

Introduction: 

The BioZone Multipurpose Biosensor is a state-of-the-art biosensor device that enables real-time 

detection and monitoring of various biological and chemical compounds in a range of 

applications. The biosensor is based on a combination of advanced nanotechnology, 

biotechnology, and applied electronics. Unlike conventional biosensors that rely on optical or 

thermal sensing, the BioZone biosensors utilize a combination of three cutting-edge detection 

methods: modified macrobubble, quartz crystal microbalance, and nose electronics in a 

proprietary integrated manner. The device is highly versatile and applicable in a wide range of 

applications, such as with the detection of specific pathogens, infectious proteins, VOC 

emissions specific to certain disease states, chemicals, or toxic exposures thereof, metabolite 

detection of specific pharmaceutical drugs, and detection of unknown agents having the potential 

to cause a harmful effect on society. 

The device offers high sensitivity, selectivity, and accuracy, and has been designed to be compact 

and portable. The BioZone Biosensor represents a major breakthrough in biosensor technology, 

offering a highly efficient and effective means of detecting and monitoring biological and 

chemical compounds in real-time. In this aspect, the BioZone Biosensor is a highly adaptable 

device that can be arrayed in a variety of different models, including point of care, roaming, and 

free-range field models. When deployed in a network, the biosensors are able to cooperatively 

communicate with each other, providing a powerful early warning biodefense mechanism for the 

United States. 

In point of care settings, the BioZone Biosensor can be used in hospitals, clinics, and other 

healthcare facilities to rapidly detect and diagnose a wide range of diseases and pathogens. In 

roaming models, the biosensors can be used by first responders, military personnel, and other 

field workers to quickly identify potential biothreats in the environment. Finally, in free range 

field models, the biosensors can be used for long-term monitoring of remote or hard-to-reach 

areas, providing continuous surveillance for potential biothreats. 

By deploying the BioZone Biosensor in these different models, and integrating them into a 

unified communication network, the United States can establish a powerful early warning system 

for biodefense. This system can rapidly detect and identify potential biothreats, enabling a swift 

and effective response to mitigate their impact and prevent their spread. Overall, the BioZone 
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Biosensor represents a major step forward in biodefense technology, offering a powerful tool to 

protect the health and safety of the American people. 

Purpose:  

The purpose of this presentation is to showcase the capabilities and potential of the BioZone 

Multipurpose Biosensor as a strategic biodefense tool, specifically for early warning detections 

of various biological and chemical compounds in different settings. Our biosensor technologies 

integrate a variety of detection methods and can be deployed in multiple configurations, making 

it highly adaptable to different scenarios. By detecting and analyzing disease entities, toxic 

chemicals and VOC emissions through detectable elements, and comparing the identified 

detections to the BioZone repository libraries, our biosensor can play a key role in identifying 

unknown agents previously unencountered that could be potentially harmful to society. 

Overview:  

We will begin by discussing background information on biosensors, pathogen detectable 

elements, VOC emissions, infectious protein agents, zoonotic transmission of contagious agents, 

and the vulnerability of society to such. Next, we will introduce the petitioned Multipurpose 

Biosensor, including its design and development process, and the detection methods used. Next, 

we will explore the various applications of the biosensor, including its use in food safety, 

environmental monitoring, medical diagnostics, and drug discovery facilitation. We will then 

focus on its potential use in a national biodefense strategy, highlighting the unique capabilities of 

our biosensor and how it can be deployed in a networked system to provide early warning 

detection of potential biothreats. We will discuss the use of specialized face masks for collecting 

biological samples and present our proposals for biosensor configurations in point of care, 

roaming, and free-range field models. Finally, we will compare our biosensor to existing 

repository libraries and discuss its potential for identifying unknown agents, concluding with 

recommendations for future research and development. 

II.  BACKGROUND TOPICS 

Biosensors and the Potential Applications: 

Biosensors are devices that integrate biological elements (such as enzymes, antibodies, or nucleic 

acids) with physicochemical transducers to detect and quantify various biological and chemical 

compounds. The biological elements act as recognition elements, specifically targeting the 

compound of interest, and the transducers convert the recognition event into a measurable signal, 

such as an electrical or optical signal. 

Biosensors have a wide range of applications in fields such as healthcare, food safety, 

environmental monitoring, and biodefense. In healthcare, biosensors can be used for disease 

diagnosis and monitoring, drug discovery, and personalized medicine. In food safety, biosensors 

can be used to detect contaminants or spoilage agents in food products. In environmental 

monitoring, biosensors can be used to detect pollutants or monitor ecosystem health. In 

biodefense, biosensors can be used for early warning detection of biological or chemical threats. 

Biosensors can be classified based on the type of biological element used (e.g., enzymes, 

antibodies, nucleic acids), the transducer type (e.g., optical, electrochemical, piezoelectric), and 

the application area (e.g., medical, environmental). Biosensors can also be classified based on the 
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level of integration between the biological element and the transducer, with fully integrated 

biosensors (where the biological element and transducer are physically connected) providing 

greater sensitivity and specificity compared to non-integrated biosensors. 

Biosensors can also be designed to be portable and user-friendly, allowing for point-of-care 

testing and real-time monitoring. Recent advancements in biosensor technology have led to the 

development of biosensors that can detect multiple targets simultaneously (multiplexed 

biosensors) and biosensors that can be implanted or worn as wearable devices (implantable and 

wearable biosensors). 

In summary, biosensors are powerful tools that have a wide range of applications in different 

fields. By integrating biological elements with physicochemical transducers, biosensors can 

detect and quantify various biological and chemical compounds with high sensitivity and 

specificity. With continued advancements in biosensor technology, biosensors will likely play an 

increasingly important role in healthcare, food safety, environmental monitoring, and biodefense. 

Pathogen Detection: 

Pathogens are microorganisms that can cause diseases in humans, animals, or plants. Examples 

of pathogens include bacteria, viruses, fungi, and parasites. Pathogens can be transmitted through 

various routes, such as air, water, food, or bodily fluids, and can cause a range of illnesses, from 

mild infections to life-threatening diseases. 

To detect pathogens, biosensors can utilize a variety of detectable elements, depending on the 

type of pathogen and the sample matrix. For bacteria, biosensors can detect various components 

of the bacterial cell, such as lipopolysaccharides, peptidoglycans, or bacterial DNA. For viruses, 

biosensors can detect viral proteins or nucleic acids. For fungi, biosensors can detect fungal cell 

walls or specific fungal metabolites. 

In addition to targeting specific components of the pathogen, biosensors can also utilize various 

detection methods to amplify the signal and improve sensitivity. For example, biosensors can use 

enzymatic amplification to convert a single binding event into many signal molecules or can use 

magnetic or electrochemical detection methods to improve signal-to-noise ratios. 

To be effective for pathogen detection, biosensors must be able to detect the pathogen in various 

sample matrices, such as blood, urine, or environmental samples. Biosensors must also be able to 

distinguish between the target pathogen and non-target species, such as commensal bacteria or 

environmental contaminants. To achieve this, biosensors often incorporate multiple recognition 

elements that target different components of the pathogen or utilize multiplexed detection 

strategies to simultaneously detect multiple pathogens in a single sample. 

Overall, biosensors provide a powerful tool for pathogen detection by utilizing various detectable 

elements and detection methods. With continued advancements in biosensor technology, 

biosensors will likely play an increasingly important role in disease diagnosis and surveillance, 

as well as in biodefense and environmental monitoring. 

Volatile Organic Compounds: 

Volatile Organic Compounds (VOCs) are organic chemicals that have a high vapor pressure at 

room temperature. They are released into the air by a variety of sources, such as paints, cleaning 
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agents, and gasoline, and can have harmful effects on human health and the environment. In 

addition, some VOCs are associated with specific diseases, such as diabetes, benzene exposure, 

and leukemia for example. 

Biosensors can be utilized to detect VOCs in the air, as well as in various sample matrices, such 

as blood or urine and even air sampling. Biosensors can detect VOCs through various 

mechanisms, such as surface plasmon resonance (SPR), colorimetric detection, or 

electrochemical sensing. 

One example of a VOC biosensor is the electronic nose, which utilizes an array of gas sensors 

that respond to different VOCs. The electronic nose can be trained to recognize specific VOC 

patterns associated with particular diseases, such as lung cancer or tuberculosis, and can be used 

for early diagnosis or disease monitoring. 

Another example of a VOC biosensor is the quartz crystal microbalance (QCM), which measures 

changes in mass or viscoelastic properties on the surface of a quartz crystal due to the adsorption 

of VOCs. The QCM can detect low concentrations of VOCs and has been utilized for 

environmental monitoring, such as detecting pollutants in water or soil. 

Overall, biosensors provide a powerful tool for VOC detection by utilizing various detection 

mechanisms and can be utilized for a wide range of applications, from environmental monitoring 

to disease diagnosis and monitoring. With continued advancements in biosensor technology, 

biosensors will likely play an increasingly important role in VOC detection and mitigation 

efforts. 

Prions: 

Prions are infectious agents that are composed of misfolded proteins. They are unique in that 

they do not contain nucleic acids, such as DNA or RNA. Prions can cause a range of diseases in 

humans and animals, collectively known as transmissible spongiform encephalopathies (TSEs). 

One of the most well-known prion diseases is Creutzfeldt-Jakob disease (CJD), which is a rare 

and fatal brain disorder that affects about one in every one million people worldwide. CJD can be 

sporadic, inherited, or acquired through exposure to infected tissues, such as contaminated 

surgical instruments or infected food products. Another prion disease is variant CJD (vCJD), 

which is linked to consumption of contaminated beef products during the bovine spongiform 

encephalopathy (BSE) outbreak in the 1990s. 

Prion diseases can be difficult to diagnose and treat, as there are currently no effective treatments 

or cures for these diseases. However, biosensors can be utilized for early detection and 

monitoring of prion diseases. For example, biosensors can detect the presence of prions in blood 

or other bodily fluids, or can detect changes in protein conformation or aggregation, which are 

associated with prion diseases. 

One type of biosensor that has been utilized for prion detection is the protein misfolding cyclic 

amplification (PMCA) assay. This assay utilizes prion protein templates and amplification cycles 

to detect small amounts of prions in various sample matrices. Another type of biosensor is the 

surface plasmon resonance (SPR) biosensor, which can detect changes in protein conformation 

or binding events associated with prion diseases. 
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Overall, biosensors provide a potential tool for early detection and monitoring of prion diseases, 

which could lead to improved treatment and prevention strategies. With continued advancements 

in biosensor technology, biosensors will likely play an increasingly important role in prion 

disease research and surveillance. 

 

Zoonotic Transmission: 

Zoonotic transmission refers to the transmission of diseases from animals to humans. This type 

of transmission has been responsible for many outbreaks and pandemics throughout history, 

including the COVID-19 pandemic. COVID-19 was initially believed to have originated from a 

zoonotic transmission of a coronavirus from bats to humans, possibly through an intermediate 

host such as a pangolin. 

The COVID-19 pandemic, which began in late 2019, has caused millions of deaths and severely 

impacted the global economy. The virus quickly spread across the world, leading to widespread 

lockdowns, travel restrictions, and social distancing measures. The virus is primarily transmitted 

through respiratory droplets and contact with contaminated surfaces, although airborne 

transmission may also be possible. 

Efforts to prevent zoonotic transmission and prepare for future outbreaks involve increased 

surveillance of animal populations, particularly in areas where there is a high risk of zoonotic 

transmission. One strategy involves the use of biosensors to detect potential zoonotic threats in 

animals and humans. For example, biosensors could be used to detect specific viral or bacterial 

markers in animal populations, providing early warning of potential outbreaks. 

In the case of COVID-19, biosensors have been used to detect the virus in human samples, such 

as saliva, blood, and nasal swabs. This has enabled early detection and tracking of the virus, as 

well as the development of effective treatments and vaccines. With continued research and 

development, biosensors could play a key role in preventing and mitigating the impact of future 

zoonotic outbreaks. 

Another potentially dangerous situation is with bird flu, also known as avian influenza, is a 

highly contagious viral disease that primarily affects birds, including domesticated poultry such 

as chickens and turkeys, as well as wild birds such as ducks and geese. The virus can spread 

rapidly within bird populations, causing high mortality rates. 

While the bird flu does not typically affect humans, there have now been cases of transmission 

from birds to humans, with potentially serious consequences. In humans, the bird flu can cause 

severe respiratory illness, leading to hospitalization and even death. The risk of transmission is 

highest for people who have close contact with infected birds, such as poultry workers and 

people who live in close proximity to live poultry markets. 

One concern is that the bird flu virus could mutate and become more easily transmissible from 

person to person, leading to a pandemic similar to COVID-19. The H5N1 strain of the bird flu, 

for example, has caused outbreaks in birds across Asia, Europe, and Africa, and has led to several 

hundred cases of human infection with a mortality rate of over 50%. 
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To prepare for the possibility of a bird flu pandemic, biosensors could be used to detect the virus 

in both bird populations and humans, providing early warning of potential outbreaks and 

enabling prompt response measures. The use of biosensors could also help to identify potential 

treatments and vaccines and monitor the spread of the virus in real-time. Overall, biosensors 

could play an important role in mitigating the potential impact of a bird flu pandemic on human 

health and global economies. 

Vulnerability: 

When a new infectious disease emerges, such as the COVID-19 pandemic, the population is 

often vulnerable because they have no pre-existing immunity to the disease. This vulnerability 

can lead to rapid spread of the disease, which can overwhelm healthcare systems and cause 

significant mortality. 

Isolation and face mask protection can help to slow the spread of infectious diseases, but they 

have limitations. Isolation measures, such as quarantine and social distancing, can be difficult to 

enforce and may not be effective if the disease is highly contagious or if people do not comply 

with the measures. Face masks can reduce the spread of respiratory droplets that contain the 

virus, but they are not 100% effective, particularly if they are not used correctly or if they do not 

fit properly. 

As a result, there can be a significant delay between the emergence of a novel infectious disease 

and the development of an effective vaccine or treatment. During this time, there is a risk of 

significant morbidity and mortality, particularly among vulnerable populations such as the 

elderly and those with pre-existing health conditions. 

Biosensors have the potential to help mitigate these risks by enabling early detection of novel 

infectious diseases, which can help to slow the spread of the disease and allow for more effective 

isolation measures. Additionally, biosensors can help to identify potential treatments and 

vaccines more quickly, which can reduce the delay between the emergence of a new disease and 

the availability of effective interventions. Overall, biosensors could play an important role in 

reducing the impact of novel infectious diseases on human health and global economies. 

Healthcare Facilities and Point of Care: 

Currently healthcare facilities do not perform immediate testing in protected zones preceding 

entry into the healthcare facility itself. Instead, patient presentations conventionally proceed in 

one of two ways. First, a patient presents to a healthcare facility and goes directly to a 

registration desk given stability of the presenting nature of the complaint. Here is where the 

patient or accompanying person registers the patient noting the demographic history, 

identification, insurance coverage, and nature of the presenting complaint(s), for example. Next, 

and according to the nature and severity of the complaint, the patient is assigned a triage 

determination ranging from nonemergent to critical (usually a Level I through V with level I 

being the most emergent such as with life or limb being in immediate jeopardy) and either the 

patient is referred back to a waiting room zone, the patient is brought directly to a triage room for 

vital sign determinations and to further investigate the nature of the presentation, or if the patient 

needs immediate attention, the patient is brought directly into the main treating zone of the 

department. 
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With infectious presentations the patient is usually asked to apply some sort of protective face 

covering such as a face mask. With varying levels of protection, the masks supplied at the 

registration desk and triage rooms usually are not the highest level of protection such as the N95 

masks that the healthcare providers use to prevent exposure to infectious pathogens. Costs and 

availability continue to have a role in infection transmission. 

The second means of a patient presenting to a Healthcare Facility is by ambulance. In this case if 

the patient has a potentially contagious complaint or medical history, the patient is once again 

asked to place a face mask over their facial respiratory features. Most all ambulance patients are 

brought directly to the facility treatment zones such as the Emergency Room, and again, only 

wearing a face mask as a means to not contaminate the treatment zone with potentially 

contagious pathogens. In both presentations, the conventional approach has been using a face 

mask for prevention of facility based contagious spread prevention. This scenario has been 

adopted but is extremely suboptimal as to what alternative process could be initiated. 

There are now studies verifying that face masks, although they may discourage transmission to a 

degree, simply do not prevent transmission of potentially infectious pathogens in healthcare 

facilities as well as public areas. Two such studies verified that up to 29% of the exhaled air from 

a person wearing a face mask is leaked from the periphery of the mask so regarding an 

emergency room treatment zone, simply transporting the patient to a designated room in the 

department by definition, contaminates the entire department given air circulation systems that 

for financial reasons are not filtered for pathogens such as viruses. As with the Covid-19 

pandemic, masks did not prove adequate to stop the spread of the virus yet there was no 

alternative option immediately available and the infection spread rampant until vaccines were 

available to offer a degree of immunity. 

According to other studies, it could cost up to 200 thousand dollars for facilities to retrofit 

existing emergency departments or ICUs rooms each and this does not include providing a 

filtering means for the rest of the departments. The solution to this known contamination of 

healthcare facility treatment zones has been for the healthcare providers and other staff to wear 

protective face masks as well and or specific to the potential disease pathogen(s), don and doff 

Personal Protective Equipment (PPE) every time a potential contagious person is entered into the 

treating area. This is another misconception in reference to safety for the leaked pathogen 

brought through the department remain in the ambient air environment for up to an hour or more 

and additionally, settle on the desks and countertops of the department, as well as on the hands 

and faces of the personnel working in the department. Also, besides the provider personnel and 

staff in the department, other patients for other presentations are also present and are equally 

exposed to the leaked contagions. Herein lies a major role for the etiology of Healthcare Facility 

transmission of infectious diseases. 

Pertaining to healthcare providers being mandated to don and doff additional protection in the 

form of PPE, this was proven to be uncomfortable, led to errors in the process of correctly 

donning and doffing the attire, led to substantial delays in providing immediate lifesaving critical 

care, costs the healthcare industry billions of dollars, and caused an increase in medical errors 

due to interference with communication, loss of perceptive and tactile sensitivity, fogging of face 

coverings, frustration and fatigue stemming from the increase in body temperature having been 

mandated to wear the attire for prolonged periods of time (sometimes the entire work shift). 
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Additionally, presentations that were not considered to be of a contagious nature were turning 

out to be exposing the healthcare providers to the Covid virus due to the number of 

asymptomatic carriers that were unaware that they were in public while having the Covid virus 

so essentially to adequately protect oneself, wearing PPE for every presentation became the 

norm, again leading to frustration and attrition of providers. The attrition of providers led to 

healthcare facilities only operating a specific percentage of the total bed capacity due to 

shortages of trained and certified personnel. This cause-and-effect situation led to significant 

industry expenses attempting to provide an adequate number of beds for the number of patients 

needing such; termed ‘Pop Up Facilities’. 

The Covid-19 pandemic and the resulting working conditions led me to develop solutions to the 

gamut of problems encountered. There simply had to be a better way to address contagious 

presentations in Healthcare Facilities in order to protect the providers, employees, and patients 

that relied on healthcare from the facility. Although there are numerous reports of hospital 

acquired infections, they primarily relate to a patient acquiring infection through procedural 

interventions such as post operative infections or catheter related urinary tract infections, for 

example, yet finding studies to quantify how many people acquired infections simply waiting in 

waiting rooms or in patient treatment rooms is far and few. And what about the cost to the public 

and Healthcare Industry regarding treating the healthcare facility acquired infections. Even 

though healthcare facilities hire staff to disinfect the facilities routinely, airborne transmission 

has not been adequately addressed. 

I initiated the BioZone Initiative and Project in response to mitigating the previously mentioned 

scenarios and to provide meaningful countermeasures and mitigants to the entirety of problems 

encountered with the Covid-19 pandemic as well as to provide a better preparation for future 

contagious emergencies. 

In preparing for a future contagion crisis the BioZone Project needed to accurately identify 

serious contagions in the healthcare setting as well as apart from healthcare settings. A ‘Field 

Version’ of the BioZone Biosensor petitioned has been defined and the ‘Point of Care Version’ 

(POC) BioZone Biosensor is presented herewithin. It is the intention of the BioZone Project to 

integrate the Field Biosensor with the POC Biosensor as a means to provide a National Early 

Warning means to identify specific contagions known to be able to induce an epidemic or a 

pandemic. No such early warning mechanism exists to date. 

The BioZone Multipurpose Biosensor presented herein aims to also detect contagious pathogens 

that have yet to be encountered such as with the millions of viruses and bacteriae that exist on the 

planet. With continued forest depletion and intrusion into novel territories, climate change 

thawing permafrost regions, global adversarial entities possessing the ability to perform gain of 

function as potential weapons, and increased proximity to wildlife carrying potentially zoonotic 

contagion transmissibility, the next pandemic is not a matter of if it will happen, but instead only 

a matter of when it will occur. For the last several decades we have been fortunate having a 

potentially serious contagion outbreak approximately every 2.7 years. Only until Covid-19 

appeared did we realize how ill prepared we had been through complacency. 

So, what is the BioZone Unit and why is it under development. The BioZone Unit is designed to 

be an all-in-one medical analysis, diagnostic, and interventional apparatus that is space saving, 

lightweight, cost efficient, durable and completely mobile thereby deployable anywhere on land, 
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sea, air, or space. The BioZone Unit comprises nearly forty conventional and novel technologies 

encompassing the entire realm of Emergency and Critical Care Medicine in a single apparatus. 

III. DESIGN AND DEVELOPMENT 

The development of the Biozone Multipurpose Biosensor is motivated by the need for a portable, 

rapid, and reliable tool for detecting biological and chemical threats in various environments, 

including healthcare, biodefense, food safety, and environmental monitoring.  

The design, development, and integration of three specifically modified biosensors; a quartz 

crystal microbalance system, a macrobubble biosensor, and an electronic nose biosensor, 

required a rigorous and iterative process that leveraged cutting-edge technologies and 

interdisciplinary expertise. The design process started with a detailed analysis of the 

requirements and specifications of each biosensor, including the target analytes, the detection 

limits, the sample types, and the operating conditions. 

Next, I conducted a thorough literature review and experimental analysis to identify and optimize 

the most appropriate sensing technologies and materials for each biosensor. For instance, the 

quartz crystal microbalance system utilized a quartz crystal resonator to measure mass changes 

on the sensor surface, enabling label-free detection of various biomolecules and pathogens. The 

macrobubble biosensor was designed on using the formation and detection of gas bubbles to 

detect pathogens and toxins with high sensitivity and specificity. The electronic nose biosensor 

utilized a combination of metal oxide semiconductors (MOS) and machine learning algorithms to 

detect and identify volatile organic compounds (VOCs) and odorants in various samples. All of 

these provisions were modified specifically to conform with the objectives laid out in the 

BioZone Project report. 

Next, I leveraged advanced signal processing, data analysis, and machine learning algorithms to 

enhance the accuracy and speed of detection, as well as enable real-time monitoring and data 

sharing. Next I plan to conduct extensive experiments and simulations to optimize the 

performance of each biosensor, including testing and validation in various conditions and against 

different analytes. For this I will develop a team of multidisciplinary experts, including 

engineers, biologists, chemists, and computer scientists, who worked closely to optimize the 

performance and reliability of each biosensor.. 

Throughout the design and development process, the team will maintain a stringent quality 

control and assurance process, ensuring the reliability and reproducibility of the biosensors. Next 

the team will pay close attention to the usability and scalability of the biosensors, aiming to 

facilitate their adoption and deployment in various settings and applications. 

The result of the design and development process will be the integrated set of improved highly 

innovative and versatile biosensors that have the potential to transform healthcare, environmental 

monitoring, and biodefense. The following sections of this report will provide a detailed 

description of the integration of each biosensor, including their design principles, operation, 

performance, and potential applications, into the BioZone single multipurpose biosensor. The 

intended result is the provision of a highly innovative multidisciplinary biosensor with the 

potential to transform the way we monitor and respond to rapid point of care healthcare 

intervention, biological and chemical threats, as well as improve the quality and accessibility of 
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healthcare worldwide. The BioZone Multipurpose Biosensor will address specific challenges in 

healthcare, environmental monitoring, and biodefense.  

The first biosensor is a multipurpose platform designed for use in point-of-care healthcare 

facilities, capable of detecting a wide range of biomolecules and pathogens with high sensitivity 

and specificity. The second biosensor is a roaming model that autonomously searches for volatile 

organic compounds (VOCs) and pathogens in various environments, enabling early detection and 

response to potential health hazards. The third biosensor is a free-range platform designed to 

detect prions, such as chronic wasting disease (CWD), in the environment and in animal 

populations, as well as potentially harmful chemical agents which can have significant impacts 

on public health and the economy. The advanced signal processing algorithms, machine learning, 

and cloud-based data analytics will enhance the accuracy and speed of detection, as well as 

facilitate data sharing and collaboration with researchers and Biosecurity and Biodefense 

agencies. 

Overall, the Biozone Multipurpose Biosensor represents a significant advancement in biosensing 

technology, with the potential to impact various fields of application.  

A. The BioZone Specialized Face mask 

The specialized BioZone face mask is an essential component of the Biozone multipurpose 

biosensor system, serving as the primary means of collecting various samples for analysis. While 

face masks have been widely used for their protective role during the COVID-19 pandemic, their 

potential for sample collection and analysis has not been fully explored. To fully leverage the 

potential of face masks as a sample collection tool, it is crucial to describe in detail the samples 

that can be collected and how they can be collected.  

It is our intention to create a face mask with a higher filtration efficiency than N95, therefore we 

will need to use materials with even higher filtration capabilities. Some of the materials that have 

been studied for use in high-efficiency particulate air (HEPA) filters, which are capable of 

filtering out 99.97% of airborne particles are: 

• Electrospun nanofibers: These are ultrafine fibers with diameters in the range of a few 

hundred nanometers to a few micrometers. Electrospun nanofibers have a high surface 

area to volume ratio and can be engineered to have specific properties, such as high 

porosity and small pore size, that make them effective at capturing particles. 

• Melt-blown nonwoven fabrics: These are made from thermoplastic polymers that are 

melted and extruded into fine fibers that are then randomly deposited on a surface. Melt-

blown fabrics have small pore sizes and a large surface area, making them effective at 

capturing particles. 

• Charged polypropylene fibers: These are polypropylene fibers that have been treated 

with an electrostatic charge. The charge attracts and captures particles, enhancing the 

filtration efficiency of the material. 

• Nanofiber-coated fabrics: These are fabrics that have been coated with a layer of 

electrospun nanofibers. The nanofibers increase the surface area and pore size of the 

material, improving its filtration efficiency. 

The final selection of the best material for specific applications depends on several factors, such 

as the size and type of particles being filtered, the flow rate of air through the filter, and the 
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pressure drop across the filter. In addition, the filter material must also be breathable enough to 

allow the wearer to comfortably breathe while wearing the mask. 

Therefore, the choice of filter material for the face mask depends on the specific requirements of 

the mask design and the performance characteristics of the filter material. It is important to 

carefully evaluate the filtration efficiency and breathability of any material being considered for 

use in a face mask filter layer, and to test the performance of the mask under realistic conditions. 

The face mask will need to collect various types of samples, including respiratory droplets, 

aerosols, and particulate matter, depending on the size and properties of the particles. Respiratory 

droplets are typically larger particles (>5 µm) that are emitted from the respiratory tract during 

exhalation, coughing, or sneezing, while aerosols are smaller particles (<5 µm) that can remain 

suspended in the air for longer periods and can travel further distances. Particulate matter can 

include a variety of particles, such as dust, pollen, and pollutants, and can have adverse health 

effects when inhaled. These secretions can contain a variety of microorganisms, such as viruses, 

bacteria, and fungi. These exhaled and captured microorganisms can next be analyzed using 

various methods, such as conventional PCR, ELISA, and immunoassays, to detect and quantify 

their presence and concentration. 

Additionally, respiratory droplets and gases can contain volatile organic compounds (VOCs) that 

are produced by the human body or by external sources, such as environmental pollutants or 

infectious agents. These VOCs have been conventionally analyzed using techniques such as gas 

chromatography, mass spectrometry (GC-MS) or electronic nose technology, identifying and 

characterizing the specific compounds present in the sample. By using the BioZone specialized 

face mask, the samples collected from the face mask will enable the BioZone Multipurpose 

Biosensor to provide valuable information on the presence of microorganisms and VOCs in the 

respiratory tract of a subject individual or in the environment in a rapid and highly sensitive 

fashion which can have significant implications for saving lives in the case that rapid detection is 

crucial as well as for implications for general public health and safety as a biodefense measure. 

To collect these samples, the face mask is designed to have a multi-layer structure that can 

capture and retain particles of different sizes and properties. The outer layer is typically made of 

hydrophobic material to repel moisture and prevent contamination, while the inner layers are 

made of hydrophilic material to absorb moisture and capture particles. The mask also has a nose 

bridge and ear loops to ensure a secure fit and prevent leakage. 

To fully describe the samples that can be collected and how they can be collected, it is important 

to consider various factors, such as the target analytes, the sampling time, the sampling location, 

and the sampling method. For instance, if the target analytes are respiratory viruses, it may be 

necessary to collect samples at different times after infection and from different respiratory sites. 

Similarly, if the target analytes are VOCs, it may be necessary to collect samples in different 

environments and under different conditions. In this section, we will provide a detailed 

description of the face mask design, including its structure and materials, and discuss the various 

factors that need to be considered for sample collection and analysis. The next step will consist 

of the team performing experimental tests and applying the results and validation studies to 

demonstrate the effectiveness and reliability of the face mask as a sample collection tool for the 

Biozone multipurpose biosensor system. 
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The innermost layer of the BioZone face mask is designed to be an open grid shaped layer made 

of specialized materials that can detect VOCs. The grid is designed to capture and analyze VOCs 

from the wearer's breathing efforts. Preferably the grid layer is constructed with activated 

charcoal which can trap some types of gases and vapors, and silver or copper nanoparticles, 

which have antimicrobial properties, metal organic frameworks (MOFs) since these materials 

have a high surface area and can be designed to selectively adsorb specific VOCs or other target 

analytes, and or zeolites since they are porous and have a high surface area and can also be 

designed to selectively adsorb specific molecules or ions, such as VOCs. 

The second layer juxtaposed layer is a pathogen filter layer that captures airborne pathogens, 

including viruses and bacteria. This layer is designed to provide high-efficiency filtration while 

maintaining low breathing resistance. This layer is preferably constructed of materials including: 

• Melt-blown nonwoven fabric: This is a common material used in surgical masks and 

other types of respirators. It consists of microfibers that are randomly arranged and 

bonded together to create a dense network of tiny pores. These pores can trap and block 

small particles, while still allowing air to flow through. 

• Nanofiber membranes: These are ultra-thin membranes made of polymer fibers that are 

less than 100 nanometers in diameter. They have a high surface area and a very small 

pore size, which can effectively capture particles as small as viruses. 

• Electrospun nanofibers: This is another type of nanofiber membrane that can be produced 

by electrospinning, which involves using an electric field to spin polymer fibers into a 

nonwoven mat. These nanofiber mats have a high surface area and a small pore size, 

which makes them effective at capturing small particles. 

The third layer is a triboelectric layer that generates an electrical charge when the different layers 

move against themselves creating a triboelectric charge. This electrical charge is used to enhance 

the capture and detection of pathogens and VOCs by the collecting layers and is an advantage 

over conventional face masks having similar objectives. This electric charge can attract and trap 

particles that are not captured by the filtration layer, further improving the mask's effectiveness. 

The triboelectric layer can be made of various materials that have different levels of triboelectric 

charge generation, such as polypropylene, nylon, or polyester. One potential option for this layer 

is a nonwoven fabric made of a blend of polyester and nylon fibers, which has been shown to 

generate a high triboelectric charge and effectively capture particles. 

Embedding triboelectric fibers or materials into all layers of the mask can potentially increase the 

overall filtration efficiency of the mask. Triboelectric materials, by generating an electrostatic 

charge when they come into contact with other materials, can attract and capture particles that 

may be too small to be filtered out by the physical barrier alone. 

By incorporating triboelectric materials into all layers of the mask, we can potentially enhance 

the filtration efficiency of the mask and improve its overall performance. However, it's important 

to consider the potential impact of the electrostatic charge on the breathability and comfort of the 

mask, as this can affect the user's willingness to wear the mask for extended periods. 

It's also important to note that incorporating triboelectric materials into the mask may require 

additional manufacturing steps and could potentially increase the cost of the mask. Therefore, it's 
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important to weigh the potential benefits against the practical considerations and evaluate 

whether this approach is feasible for your specific application. 

The number of layers needed to generate sufficient triboelectric charge will depend on several 

factors, including the specific materials used, the thickness of the layers, and the respiration rate 

of the individual wearing the mask. In general, a thicker layer of material will generate more 

triboelectric charge than a thinner layer but may also reduce the breathability of the mask. It's 

possible that incorporating a single layer of triboelectric material into the mask may be sufficient 

to generate the desired level of static energy, but this will depend on the specific materials and 

design used. 

In any case, it's important to balance the desire for improved filtration efficiency with the need to 

maintain adequate breathability and comfort for the user. Conducting rigorous testing and 

evaluation of the mask's performance under various conditions can help to determine the optimal 

number of layers and materials to use in the mask design. 

For the preferrable fourth layer of the specialized face mask, charged polypropylene fibers are a 

great choice to create a higher efficiency mask than what is typically used in the healthcare 

setting. The electrostatic charge on the fibers can enhance the mask's filtration efficiency by 

attracting and capturing even smaller particles than what can be captured by mechanical filtration 

alone. 

The charged polypropylene fibers can be produced through an electrospinning process where a 

polymer solution is spun into nanofibers using an electric field. The resulting fibers can then be 

charged through different methods, such as corona discharge or tribocharging, to enhance their 

filtration efficiency. While charged polypropylene fibers can enhance a mask's filtration 

efficiency, it's still crucial to ensure that the mask is designed and fitted properly to provide 

adequate protection. 

Therefore, we will work with experts in material science and mask design to develop a highly 

efficient mask that meets our specific needs. 

If we use smaller fibers, we may need more layers in the mask to achieve the desired level of 

filtration efficiency. For example, we could use 3 to 4 layers of polypropylene fibers with a 

diameter of 0.5 to 1 micrometer to achieve a filtration efficiency comparable to that of an N95 

mask. However, more layers may result in reduced breathability and increased resistance to 

breathing, which can make it more difficult to wear the mask for an extended period. If we use 

larger fibers, we may be able to use fewer layers in the mask to achieve the desired level of 

filtration efficiency. For example, we could use 2 to 3 layers of polypropylene fibers with a 

diameter of 3 to 5 micrometers. This can provide a balance between filtration efficiency and 

breathability, but the exact number of layers may depend on the mask design and the specific 

application. 

Since the breathability of the mask will depend on factors such as the size and density of the 

fibers, as well as the overall design of the mask, we will balance the filtration efficiency with 

breathability to ensure that the mask provides adequate protection without causing discomfort or 

difficulty in breathing for the wearer. 
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To achieve this balance, the team will conduct rigorous testing of the mask to determine its 

filtration efficiency and breathability before it is used in any healthcare setting. This can be done 

using standardized testing methods, such as the ASTM F3502 or EN 14683 standards, to evaluate 

the mask's performance under various conditions. 

For our mask to balances filtration and breathability, preferably we will begin by testing 

polypropylene fibers with a diameter in the range of 0.5 to 5 micrometers and a density in the 

range of 10 to 50 grams per square meter (gsm) and using 2 to 3 layers of polypropylene fibers 

with a diameter of 3 to 5 micrometers. We will determine which provides the balance between 

filtration efficiency and breathability.  

Since we already provide a VOC detecting grid layer and a layer designed to capture pathogen 

particles in place, adding our polypropylene layers as the outermost layers can be a good option 

for improving the overall filtration efficiency of the mask. 

In a reverse sense, it is also important to ensure that the mask design and the combination of 

filter layers provides the necessary level of protection against the airborne pathogens or VOCs 

we are concerned with. Therefore, rigorous testing and evaluation of the mask's performance 

under various conditions will serve to ensure that it meets our specific needs regarding protection 

from externally acquired contagious or toxic elements. 

The mask also features adjustable ear loops and a flexible nose bridge to ensure a comfortable 

and secure fit for a wide range of face shapes and sizes. 

Overall, the BioZone master face mask is designed to provide a high-level detection means as 

well as protection against VOCs and airborne pathogens in the ambient environment, using a 

combination of specialized materials and advanced technology. 

The innermost grid layer and the pathogen filter layer are temporarily attached to the central 

portion of the face mask with small Velcro components. The detachable collecting layers are then 

transported and inserted into receptacles of the petitioned BioZone Biosensor wherein the means 

and methodology for VOC and pathogen element detection, identification and analysis may be 

performed. 

According to the preferred material components of the specialized face mask it is estimated that 

the petitioned face mask will have a greater than N98 value while still permitting comfortable 

respiratory efforts without undue impediment to the exhaled airflow through the mask. 

Technical challenges for the BioZone Team 

There will be considerable technical challenges for the BioZone Team to overcome in designing 

and constructing the BioZone Multipurpose Biosensor including: 

Miniaturization: One of the key innovations necessary to create a portable multipurpose 

biosensor is miniaturization of the necessary components. The biosensor needs to be small and 

lightweight enough to be easily portable, while still containing all of the necessary sensing 

elements and data processing capabilities. 

Multi-sensor integration: Another important innovation is the integration of multiple sensors 

into a single device. The hypothetical biosensor includes multiple sensing technologies, such as 

the quartz crystal microbalance, macrobubble biosensor, and electronic nose, all of which need to 
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be integrated and coordinated to provide accurate and comprehensive detection of target 

analytes. 

Machine learning and data analytics: To effectively process and analyze the large amounts of 

data generated by the multipurpose biosensor, advanced machine learning algorithms and data 

analytics tools are necessary. These technologies enable the biosensor to detect and identify 

target analytes, while also improving the overall reliability and sensitivity of the device rapidly 

and accurately. 

Wireless connectivity: Our biosensor models include wireless connectivity capabilities, 

allowing them to transmit data and receive instructions remotely. This innovation allows for real-

time monitoring and control of the biosensor, as well as the ability to share data quickly and 

easily with other devices or systems. 

Power management: To ensure that the biosensor can operate for extended periods of time 

without requiring frequent battery changes, advanced power management technologies are 

necessary. These technologies enable the biosensor to optimize its power usage, extending the 

device's battery life and overall lifespan. 

Durability: Durability of the biosensor is an important factor to consider when designing a 

portable device that will be shipped and used in various locations around the world. Some 

potential challenges to consider include: 

• Physical damage: The biosensor may be subject to physical damage during shipping or 

use, which could affect its accuracy and functionality. To mitigate this risk, the device 

should be designed with robust housing and protective features that can withstand a 

variety of environmental conditions. 

• Temperature and humidity: The biosensor may also be exposed to extreme temperatures 

and humidity levels during shipping and use, which could affect the performance of its 

sensing elements. To ensure reliable operation, the device should be designed with 

appropriate temperature and humidity controls, such as insulation or cooling systems. 

• Power surges and fluctuations: The biosensor may also be subject to power surges and 

fluctuations in different locations, which could damage the device or affect its data 

processing capabilities. To protect against this risk, the device should be designed with 

advanced power management technologies and surge protection features. 

• Vibration and shock: The biosensor may be subject to vibration and shock during 

shipping or use, which could affect the accuracy of its sensing elements or damage its 

internal components. To address this risk, the device should be designed with appropriate 

shock-absorbing materials and vibration-resistant features.  

Overall, ensuring the durability of the biosensor is critical to the success of the Biozone unit. By 

carefully considering potential challenges and designing the device with appropriate protective 

features, the biosensor can be made to withstand the rigors of shipping and use around the world, 

while still providing accurate and reliable sensing capabilities. 

Design, Development, and Processes of the Multipurpose Biosensor 

The process began with the development of the specialized face mask having a combination filter 

component capturing both pathogen elements and VOCs from exhaled air of mammals. Starting 
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with the VOC extrapolation from the specialized face mask grid, the process would be as 

follows: 

B. Modified Quartz Crystal Microbalance Biosensor:  

Utilizing a first biosensor means, we will modify a quartz crystal microbalance component to be 

partitioned with three separate zones and apply different coatings on each area to detect different 

elements. For example, one area could be coated with a material optimized for detecting VOCs, 

another area could be coated for detecting pathogens, and so on. The advantage of this approach 

is that it can potentially reduce the overall size and complexity of the biosensor while still 

providing multiple detection capabilities. However, it can be challenging to optimize each area 

for its respective target analyte, and there may be interference between the different areas. 

A first approach could be to simply use a single coating that is designed to capture all of the 

target analytes of interest. This can simplify the biosensor design but may not provide the same 

level of sensitivity and specificity for each detection as a specialized coating for each target 

analyte. 

To address the potential interference of the separate parts of the crystal microbalance system, and 

maintain the degree of sensitivity and specificity desired, we could develop a second approach to 

protect the three sections by using a microfluidic channel to separate them physically. The 

microfluidic channel would therein allow for the independent coating of each section without 

cross-contamination. The channels would be designed to route the sample sequentially through 

the three sensing regions of the quartz microbalance system, ensuring that each region can detect 

the targeted analytes without interference from other regions. 

Another and preferrable approach is sequence the evaluation and detection of each separate 

sample collected from the specialized face mask. This preferred approach will prevent the 

interference between different frequencies and ensure accurate readings for each of our three 

objectives. To achieve our sequenced interpretation, we will use a multiplexer to switch between 

the different sections of the component, allowing us to analyze each section separately while 

using the same oscillator circuit. 

A multiplexer, also known as a "mux," is an electronic device that selects one of several input 

signals and forwards the selected input signal to a single output. In our case, we will need a 

multiplexer to switch between the three sampling detections from our quartz crystal 

microbalance component. 

The multiplexer will need to have at least three inputs and one output, and it should be capable of 

switching between the inputs quickly and accurately. We will initially use a digital multiplexer, 

as it can be easily controlled by a microcontroller. 

One example of a multiplexer that we can use for our purposes is the 74HC4051 IC. This IC has 

eight channels, which can be used as either inputs or outputs, and it is controlled by a digital 

signal. It also has an enable pin, which can be used to disable the device when it is not in use. 

The 74HC4051 IC can be easily obtained from electronics suppliers, such as Digi-Key or 

Mouser Electronics. 

To use the multiplexer, we will need to connect the three inputs from our quartz crystal 

microbalance component to the eight channels on the IC. We will then need to connect the output 
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of the IC to our oscillator circuit. The microcontroller would then control the multiplexer by 

sending digital signals to select the appropriate input channel. By using the multiplexer 

approach, we can switch between the three sampling detections quickly and accurately, without 

any interference between the different frequencies. 

Our next step in the VOC process is to coat the microbalance component with the different 

coatings necessary to achieve our objectives. We will apply: 

• One first section of the quartz crystal microbalance with a coat of VOC-specific receptors 

for VOC detection. 

• A second section of the quartz crystal microbalance with a coat of pathogen-specific 

receptors for pathogen detection. 

• A third section of the quartz crystal microbalance with a coat of prion-specific receptors 

for prion detection. 

Now that we have specialized our quartz crystal microbalance system the next steps in the VOC 

detection process is as follows: 

a). Insert the VOC capture grid into the appropriate receptacle on the biosensor. 

b). Apply an electric field to the grid to desorb the VOCs. The desorption of VOCs from the grid 

can be achieved by applying an electric field to the grid, causing the VOC molecules to become 

ionized and subsequently desorbed from the grid. This process is known as ionization desorption, 

and it is commonly used in analytical chemistry for the analysis of volatile compounds. One way 

to apply an electric field to the grid component is to use a corona discharge ionizer. The ionizer 

generates a high voltage, low current electrical discharge that produces ions. These ions interact 

with the molecules on the surface of the grid and create a force that can cause the desorption of 

the VOCs. 

The voltage required for the corona discharge ionizer depends on factors such as the geometry of 

the ionizer, the distance between the ionizer and the grid, and the nature of the VOCs. Typically, 

a voltage between 5 kV and 20 kV can be used for this purpose. However, it is important to note 

that higher voltages can potentially damage the grid or generate unwanted byproducts, while 

lower voltages may not be sufficient to desorb all the VOCs of interest. Therefore, the optimal 

voltage should be determined experimentally for the specific grid and VOCs being analyzed. 

To protect the biosensor from damage due to excessive electrical charges is to use a voltage 

regulator circuit that can limit the maximum voltage applied to the system. This circuit can be 

designed to have a threshold voltage that will trigger a shutoff mechanism if the voltage exceeds 

a safe limit determination. Another option might be to use a current limiting circuit that can resist 

the current flow to a safe level, thereby preventing damage to the biosensor. Additionally, it will 

be important to adequately ground the device and safeguard against the risk of electric shock. 

The voltage regulator we would need for our biosensor can be a low-dropout regulator capable of 

handling the maximum voltage we plan to use. A good example would be the LM2940 series 

voltage regulator, which has a low dropout voltage of 0.5V and can handle up to 5A of current. 

To limit the maximum voltage threshold, we can incorporate a simple Zener diode voltage 

regulator circuit. A Zener diode is a special type of diode that is designed to operate in the 
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reverse breakdown region. By selecting a Zener diode with a breakdown voltage slightly higher 

than our desired maximum voltage, we can limit the voltage to a safe level. 

For current limiting, we can use a simple resistor in series with the voltage regulator output. This 

will limit the current to a safe level, preventing damage to the biosensor in case of a fault. All of 

these components are readily available from electronics suppliers like Digi-Key or Mouser. 

c). The VOCs are then carried by a stream of inert gas to the quartz crystal microbalance 

component. To carry the desorbed VOCs from the grid to the quartz crystal microbalance 

component, a stream of inert gas can be used. Helium is often used as an inert gas due to its low 

molecular weight and inertness. The stream of helium gas can be introduced at the bottom of the 

receptacle, and it will flow upward through the grid, carrying the desorbed VOCs with it. The 

stream of helium gas can be controlled using a mass flow controller to ensure a consistent flow 

rate. The quartz crystal microbalance component can be placed at the top of the receptacle, and it 

will be exposed to the stream of helium gas carrying the desorbed VOCs. As the VOC molecules 

come into contact with the coated quartz crystal, they will adsorb onto the surface, causing a 

change in the crystal's resonant frequency. This change can be measured and quantified to 

determine the type and quantity of VOCs present. After the analysis is complete, the helium gas 

stream can be diverted to a waste container, and the receptacle can be prepared for the next 

analysis. 

d). The quartz crystal microbalance component is coated with a material that has a high affinity 

for the VOCs of interest. Different VOCs have different chemical properties and may require 

different coatings to ensure their effective detection. It is worth noting that developing the 

appropriate coatings for each objective can be a complex process that may require trial and error 

experimentation. It is also important to note that the choice of coating will depend on the specific 

application and the target molecules, and it may require optimization and validation to ensure 

reliable and accurate detection. Additionally, the coatings may need to be combined or modified 

to achieve the desired sensitivity, selectivity, and stability. The choice of coating will depend on 

various factors such as the specific target molecules, the sensitivity and selectivity required, and 

the overall experimental conditions. Here are some examples of coatings that can be used for our 

intended applications: 

• For mammal VOCs exhaled relating to specific diseases, some coatings that have been 

used include metal-organic frameworks (MOFs), which are porous materials with high 

surface area and tunable selectivity that can capture and concentrate specific VOCs. 

Other coatings include polymer thin films, such as polyethyleneimine (PEI) and 

polyvinylpyrrolidone (PVP), which can bind to specific VOCs through hydrogen bonding 

or other interactions. 

• For exhaled pathogens from a mammal that relate to known diseases of mammals, some 

coatings that have been used include antibodies or aptamers, which are specific to the 

target pathogen and can bind to it with high affinity and selectivity. Other coatings 

include peptides or proteins that mimic the surface structures of the target pathogen and 

can attract it through molecular recognition. 

• For prion detection from cervids or other mammals, some coatings that have been used 

include antibodies or aptamers that are specific to the prion protein, such as anti-PrP 

antibodies or RNA aptamers that can bind to the PrPsc isoform. Other coatings include 
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synthetic ligands or peptides that can mimic the binding sites of the prion protein and 

selectively capture it. 

To obtain the coatings for our specific three purpose microbalance component: 

• There are several companies and laboratories that specialize in coating quartz crystal 

microbalance sensors for various applications. Some examples include Q-Sense, Biolin 

Scientific, and Nanosensors. It will be necessary to research and compare different 

providers to find one that can supply the specific coatings needed for the biozone triple 

function biosensor.  

• The coating supplier should be able to customize the quartz microbalance component 

according to the pathogen or VOC list we provide them. They can create coatings with 

specific functional groups that will selectively capture or bind to certain analytes. This 

will allow for targeted detection of specific pathogens or VOCs. 

e). The VOCs will adsorb onto the coating on the quartz crystal, causing a change in frequency 

of the crystal. A detector that can sense the microbalance vibrations at specific frequencies is 

typically an oscillator circuit, which is commonly used in quartz crystal microbalance systems. 

The oscillator circuit generates an alternating current (AC) voltage that is applied to the quartz 

crystal, causing it to vibrate at a specific frequency. As the crystal is exposed to different 

substances or environments, its mass changes, causing a shift in its resonant frequency. This 

change in frequency is detected by the oscillator circuit and converted into an electrical signal 

that can be analyzed by a computer or other data processing system. 

For the quartz crystal microbalance to function properly as a sensor, an oscillator circuit device is 

needed to measure the frequency change of the crystal. The most common type of oscillator 

circuit used in quartz crystal microbalance sensors is the Pierce oscillator circuit. The Pierce 

oscillator is a type of feedback oscillator that uses an amplifier to drive the quartz crystal and a 

feedback network to provide the necessary phase shift and feedback to sustain oscillation and can 

be obtained from an electronics component supplier such as Digi-Key, Mouser Electronics, or 

RS Components. We can also source them on online marketplaces such as Amazon or eBay. 

f). The frequency change is detected and analyzed by the biosensor quartz crystal microbalance 

component to determine the mass of the adsorbed VOCs and the frequency shift will indicate the 

amount and type of VOCs captured on the grid. This information will be sent to a 

microcontroller or computer for further analysis, comparison to a repository library for disease 

association, and diagnosis. 

- For VOC analysis, the mass of the adsorbed VOCs is compared to a reference library to 

identify the specific VOCs that were captured. Once the VOCs have been identified, they can be 

compared to a repository library to associate them with a diagnosis or potential health risk.  

- For pathogen analysis: After the pathogen elements are captured by the filter layer and carried 

to the quartz crystal microbalance component, the coated crystal will again vibrate at a specific 

frequency, which will be recorded by a detector. The frequency shift will indicate the amount and 

type of pathogen elements captured on the filter layer. This information will be sent to a 

microcontroller or computer for further analysis, comparison to a repository library for pathogen 

identification, and quantification of the pathogen load. 
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- For Prion analysis: After the prion sample is captured and carried to the quartz crystal 

microbalance component, the coated crystal will vibrate at a specific frequency, which will be 

recorded by a detector. The frequency shift will indicate the presence of prions in the sample. 

This information will be sent to a microcontroller or computer for further analysis and 

identification of the type of prion.  

In all three cases, machine learning and AI algorithms can be used to aid in the analysis of the 

data and detection of unknown pathogens. Additionally, the system can provide real-time 

monitoring of the ambient air for the presence of viruses, bacteria, and prions in the proximity of 

the biosensing device. 

Specific VOC associations: 

VOCs are associated with certain diseases. Examples of some of the disease associated VOCs 

are: 

Acetone - associated with diabetes, is a VOC that is commonly found in the breath of people 

with diabetes. The elevated levels of acetone in the breath of people with diabetes are due to the 

breakdown of fat in the body as a result of insulin deficiency. 

Ethanol - associated with alcoholism or consumption and is a VOC that is produced during the 

fermentation process that occurs during the production of alcoholic beverages. In people with 

alcoholism, elevated levels of ethanol can be found in their breath, urine, and blood. 

Benzene - associated with leukemia, is a VOC that is commonly found in industrial settings, and 

it is a known carcinogen. Long-term exposure to benzene has been linked to an increased risk of 

leukemia. 

Formaldehyde - associated with respiratory issues and cancer, is a VOC that is commonly found 

in building materials, household products, and tobacco smoke. Exposure to formaldehyde has 

been associated with respiratory issues, such as asthma and bronchitis, and an increased risk of 

cancer. 

Toluene - associated with neurological issues, is a VOC that is commonly found in paints, 

adhesives, and solvents. Long-term exposure to toluene has been linked to neurological issues, 

such as headaches, memory loss, and seizures. 

Xylene - associated with central nervous system depression and respiratory issues is a VOC that 

is commonly found in paints, varnishes, and cleaning products. Exposure to xylene has been 

associated with central nervous system depression, such as dizziness and headaches, as well as 

respiratory issues, such as throat irritation and shortness of breath. 

Butadiene - associated with cancer, is a VOC that is commonly found in the manufacturing of 

rubber and plastics. Long-term exposure to butadiene has been linked to an increased risk of 

cancer, particularly leukemia. 

Styrene - associated with liver and lung damage, is a VOC that is commonly found in the 

manufacturing of plastics and synthetic rubber. Exposure to styrene has been associated with 

liver and lung damage, as well as an increased risk of cancer. 

Additional VOCs that could be useful to detect for identifying exposure to specific toxic agents: 
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Organophosphates - are a class of chemicals commonly used as insecticides and nerve agents. 

Exposure to organophosphates can cause a range of symptoms, including headache, nausea, and 

respiratory distress. 

Chlorine gas - is a toxic gas that can be released in industrial accidents or during the use of 

household cleaning products. Exposure to chlorine gas can cause respiratory issues, such as 

coughing and difficulty breathing. 

Carbon monoxide - is a colorless, odorless gas that is produced by the incomplete combustion of 

fuels. Exposure to carbon monoxide can cause symptoms such as headache, nausea, and 

dizziness, and in severe cases, it can be fatal. 

Methane - is a flammable gas that is produced by the decomposition of organic matter. In high 

concentrations, methane can be explosive and can displace oxygen, leading to asphyxiation. 

Ammonia - is a colorless gas with a pungent odor that is commonly used in the production of 

fertilizers and cleaning products. Exposure to ammonia can cause respiratory distress, eye 

irritation, and skin burns. 

Hydrogen sulfide - is a colorless gas with a rotten egg-like odor that is produced by the 

decomposition of organic matter. Exposure to hydrogen sulfide can cause symptoms such as 

headache, nausea, and dizziness, and in high concentrations, it can be lethal.  

Cyanide - The detection of cyanide and other poisoning agents such as strychnine using a 

biosensor would depend on the VOCs that are released by these compounds. Cyanide is a highly 

toxic gas that can cause symptoms such as rapid breathing, headache, and confusion. It is 

possible that a biosensor could detect the presence of specific VOCs associated with cyanide 

poisoning, such as hydrogen cyanide. 

Similarly, strychnine is a toxic alkaloid that can cause symptoms such as muscle spasms, 

convulsions, and respiratory distress. It is possible that a biosensor could detect the presence of 

specific VOCs associated with strychnine, although the specific VOCs released by strychnine 

and their concentrations would need to be further studied and validated. 

NOTE: Rapid identification of toxic chemicals and drug metabolites is a crucial aspect of 

medical care, especially in emergency situations where time is of the essence. A biosensor that 

can detect specific VOCs associated with these compounds could be a valuable tool in this 

context. 

In addition to the examples mentioned earlier, there are many other toxic chemicals and drug 

metabolites that could be targeted for detection using a biosensor. For example, the BioZone 

Biosensor can be designed to detect VOCs associated with: 

• Carbon monoxide poisoning 

• Certain pesticide exposure 

• Methamphetamine and cocaine use 

• Methanol and other alcohols 

• Benzodiazepines and other sedatives 

The specific VOCs associated with these compounds would need to be identified and validated 

through careful calibration and testing of the biosensor. Additionally, the biosensor would need 
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to be designed and optimized to detect these VOCs with high sensitivity and specificity, while 

minimizing interference from other compounds that might be present in the patient's breath. 

Overall, the ability to rapidly detect and identify specific toxic chemicals and drug metabolites 

using a biosensor could greatly enhance the quality and efficiency of medical care, particularly in 

emergency situations where time is critical. 

To achieve the objectives of rapid identification of toxic chemicals and drug metabolites using 

our petitioned biosensor, the following items may need to be added or optimized in the biosensor 

design: 

Detection mechanism: The biosensor would need to be designed to detect specific VOCs 

associated with the target chemicals and drug metabolites. This could involve using specific 

enzymes or chemical sensors that are selective to the target VOCs. 

Sampling method: The biosensor would need to be able to collect breath samples from patients 

in a non-invasive and efficient manner. This could involve using a breathalyzer or the BioZone 

face mask collection device that can capture and concentrate VOCs from the patient's breath. 

Sensitivity and specificity: The biosensor would need to be optimized to achieve high sensitivity 

and specificity for the target VOCs, while minimizing false positives or false negatives. 

Calibration and validation: The biosensor would need to be calibrated and validated using a 

range of known concentrations of the target VOCs, in order to ensure accurate and reliable 

detection. 

User interface: The biosensor would need to have a user-friendly interface that allows medical 

professionals to easily interpret the results and make appropriate clinical decisions. 

Durability and portability: The biosensor would need to be designed to withstand the rigors of 

clinical use and should be portable and easy to transport to different locations as needed. 

Overall, the development of a biosensor that can rapidly and accurately detect specific toxic 

chemicals and drug metabolites will require a combination of expertise in biosensor design, 

chemistry, and clinical medicine. Collaboration between researchers in these fields will be 

necessary to develop a biosensor that is reliable, effective, and widely accessible to medical 

professionals. 

In keeping our biosensor to provide a point of care rapid analysis means integrated with the 

biozone unit apparatus at the bedside of the patient adding the capability to detect specific toxic 

chemicals and drug metabolites to the quartz crystal microbalance biosensor, some additional 

components that could be added to the design include: 

• Chemical-specific receptors: Specific receptors, such as enzymes or antibodies, can be 

used to detect specific chemicals or drug metabolites. These receptors can be 

immobilized on an accessory quartz crystal microbalance surface to allow for the 

selective capture and detection of the target compounds. 

• Gas chromatography: Gas chromatography is a powerful analytical technique that can be 

used to separate and identify individual components in complex mixtures. By 

incorporating gas chromatography into the biosensor, it may be possible to increase the 

specificity and sensitivity of the detection system. 
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• Microfluidics: Incorporating microfluidic channels into the biosensor design can allow 

for the precise manipulation and delivery of samples to the detection surface, as well as 

the separation of target compounds from interfering substances. 

• Data analysis algorithms: The biosensor may require the integration of data analysis 

algorithms that can help identify and quantify the target chemicals or drug metabolites in 

real-time. 

By incorporating these additional components, it may be possible to enhance the sensitivity, 

specificity, and accuracy of the biosensor for the detection of specific toxic chemicals and drug 

metabolites, while maintaining the point-of-care rapid analysis capability. Alternatively, we may 

choose to integrate the provided electronic nose to apply to these specific exposures. 

Some additional components that may be required to incorporate into the quartz crystal 

microbalance biosensor include: 

• Quartz crystal resonator 

• Electrodes for applying electrical signals to the quartz crystal 

• A microfluidic chamber for sample delivery 

• A separate breath collection device or sampling system for collecting exhaled breath 

• A breath analysis system for detecting and analyzing VOCs in the exhaled breath 

• A temperature control system to maintain stable operating conditions 

• A data acquisition system to collect and analyze the output signal from the quartz crystal 

and breath analysis system 

Again, it is important to note that this is not an exhaustive list and there may be additional 

components or subsystems required for the biosensor to function properly. Additionally, the 

biosensor design may require optimization and validation to ensure reliable and accurate 

detection of the target compounds. 

C. BioZone Bubble Biosensor 

To better detect the pathogen elements to BioZone Multipurpose Biosensor will use a bubble 

biosensor. There are two ways to approach the bubble biosensor with a first method comprising a 

Microbubble biosensors. 

Microbubble biosensors are a type of biosensor that use gas-filled microbubbles as a signal 

transducer. They can be used to detect the presence of specific molecules, such as proteins, DNA, 

and RNA, in a sample.  

In modifying a conventional microbubble biosensor, the team will explore several ways to 

improve the microbubble biosensor procedure to enhance its sensitivity and specificity. The 

following modifications will be researched and tested for system enhancement: 

• Surface modification: One approach to improve the sensitivity and specificity of 

microbubble biosensors is to modify the surface of the microbubbles with specific ligands 

or receptors that can selectively bind to the target biomolecule. This can increase the 

specificity of the biosensor by reducing non-specific binding to other molecules in the 

sample. 

Surface modification of microbubbles with specific ligands or receptors involves the 

attachment of molecules to the surface of the microbubbles that can selectively bind to 
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the target biomolecule of interest. The modification process can be achieved through 

several techniques, such as physical adsorption, covalent bonding, or encapsulation. Here 

are some commonly used methods for surface modification of microbubbles: 

• Physical adsorption: This method involves the attachment of ligands or receptors to the 

surface of microbubbles through non-covalent interactions, such as van der Waals forces 

or electrostatic interactions. Physical adsorption is a simple and quick method, but it may 

not be stable under physiological conditions. 

• Covalent bonding: This method involves the formation of a covalent bond between the 

ligand or receptor and the surface of the microbubble. Covalent bonding provides stable 

attachment of the ligand or receptor and can withstand harsh conditions. However, the 

process can be more complicated and time-consuming than physical adsorption. 

• Encapsulation: This method involves the encapsulation of the ligand or receptor inside 

the microbubble shell. Encapsulation provides protection to the ligand or receptor from 

the surrounding environment, and it can also increase the stability and shelf-life of the 

microbubble biosensor. 

• Hybrid approaches: There are also hybrid approaches that combine physical adsorption, 

covalent bonding, and encapsulation to achieve stable and specific surface modification 

of microbubbles. 

The selection of the surface modification method depends on the properties of the ligand or 

receptor, the microbubble shell, and the intended application of the microbubble biosensor. It is 

important to carefully evaluate the stability, specificity, and performance of the modified 

microbubbles to ensure reliable and accurate detection of the target biomolecule.  

Microbubble biosensors use gas-filled microbubbles as signal transducers to detect the presence 

of specific biomolecules in a sample. However, there are other ways to use bubbles in biosensors 

that can potentially offer advantages over microbubble biosensors. 

One approach we may use is by varying different types of bubbles or bubble solutions. For 

example, instead of using gas-filled microbubbles, one could use liquid-filled bubbles, such as 

emulsions or liposomes, as signal transducers. Liquid-filled bubbles can offer unique advantages, 

such as improved stability, longer circulation time in the body, and higher payload capacity for 

bioactive molecules. 

Another approach we may use is choosing macrobubbles instead of microbubbles. Macrobubbles 

are larger in size than microbubbles and have a longer circulation time in the body. This can 

enable them to target specific tissues or cells more effectively, and potentially improve the 

sensitivity and specificity of the biosensor. Macrobubbles can also be used for imaging 

applications, such as ultrasound imaging, by enhancing the contrast between different tissues or 

organs. 

In addition, other gas- or liquid-filled particles, such as nanobubbles or microdroplets, can also 

be used as signal transducers in biosensors. These particles offer unique advantages, such as 

increased stability, longer circulation time, and improved penetration into tissue. 

However, the choice of bubble or particle type depends on the specific requirements of the 

biosensor application, and careful consideration should be given to factors such as size, stability, 

payload capacity, and compatibility with the detection method. 
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• Signal amplification: Another way to improve the sensitivity of microbubble biosensors 

is to use signal amplification techniques, such as enzyme-linked amplification, to 

increase the signal generated by the biosensor in response to the target biomolecule. This 

can improve the limit of detection and increase the sensitivity of the biosensor. 

• Microfluidic integration: The integration of microfluidic channels with microbubble 

biosensors can improve the performance of the biosensor by reducing sample volume 

requirements, improving mixing, and enabling automated sample handling. This can 

increase the reproducibility and accuracy of the biosensor measurements. 

• Nanoparticle integration: Integrating nanoparticles with microbubble biosensors can also 

enhance the sensitivity and specificity of the biosensor. For example, the use of gold 

nanoparticles can increase the signal generated by the biosensor, while magnetic 

nanoparticles can enable the capture and separation of the target biomolecule.  

In addition to these approaches, the use of advanced imaging techniques, such as fluorescence 

microscopy or ultrasound imaging, can also improve the sensitivity and specificity of 

microbubble biosensors by enabling real-time imaging of the microbubbles and the target 

biomolecules. 

The preferrable embodiment for the BioZone Bubble Biosensor will be using macrobubbles as 

signal transducers in biosensors therein offering several advantages over microbubbles, including 

improved targeting, longer circulation time, and potentially higher sensitivity and specificity. 

Presently, macrobubble biosensors are not very common, as they are a relatively new and 

developing technology. However, there is increasing interest in using macrobubbles for 

biosensing applications due to their unique properties, such as their large size, stability, and 

ability to be easily manipulated using external stimuli. Macrobubble biosensors have the 

potential to offer improved sensitivity and selectivity compared to traditional biosensors, which 

could make them useful in a variety of applications, inclusive of pathogen detection and 

environmental monitoring. 

The following is a possible protocol for our macrobubble-based biosensor: 

• Synthesis of macrobubbles: The macrobubbles can be synthesized by mixing a gas, such 

as air or nitrogen, with a liquid, such as water or oil, in the presence of a surfactant. The 

surfactant helps to stabilize the bubbles and prevent them from coalescing. 

• Surface modification of macrobubbles: The surface of the macrobubbles can be modified 

with ligands or receptors that specifically bind to the target biomolecule of interest. This 

can be achieved by physical adsorption, covalent bonding, or encapsulation, as discussed 

earlier. 

• Target biomolecule capture: The macrobubbles are introduced into a sample containing 

the target biomolecule. The macrobubbles are designed to selectively capture the target 

biomolecule through the specific ligands or receptors on their surface. 

• Separation and detection: After incubation, the macrobubbles are separated from the 

sample and washed to remove any non-specifically bound biomolecules. The presence of 

the target biomolecule on the macrobubble surface can be detected using various 

detection methods, such as fluorescence, colorimetry, or surface plasmon resonance. 

• Quantification and analysis: The signal generated by the macrobubble biosensor can be 

quantified and analyzed to determine the concentration and characteristics of the target 

biomolecule in the sample. 
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Overall, the use of macrobubbles in our biosensors offers unique advantages over microbubbles 

and can potentially improve the sensitivity and specificity of the biosensor. However, the 

specific protocol and experimental conditions should be optimized for each biosensor application 

to achieve reliable and accurate results. 

To test the best means of creating the macrobubbles for our biosensor we will obtain the 

following materials: 

Surfactant (e.g., Tween 20, Pluronic F-127) 

Gas source (e.g., compressed air, nitrogen) 

Liquid phase (e.g., water, oil) 

Stirring apparatus (e.g., magnetic stirrer, shaker)  

Next we will perform the following procedure: 

• Prepare a solution of the liquid phase by mixing the desired solvent with the surfactant. 

The concentration of the surfactant will be optimized to achieve stable macrobubbles. 

• Place the solution in a vessel and add the gas source. The gas should be introduced 

slowly to avoid rapid bubble formation and coalescence. 

• Agitate the solution with a stirring apparatus to promote bubble formation and 

stabilization. The stirring speed and duration should be optimized to achieve the desired 

bubble size and stability. 

After the desired macrobubble size is achieved, the solution can be used immediately for 

biosensor applications or stored for later use. Storage conditions should be optimized to maintain 

bubble stability and prevent coalescence. 

It is important to note that the specific protocol and conditions for macrobubble synthesis can 

vary depending on the type of surfactant, gas, and liquid phase used, as well as the desired 

bubble size and stability. Optimization of these factors can help to achieve the best performance 

for the macrobubble biosensor.  

In our application the actual biosensor device will create the macrobubbles. There are a few 

possible approaches to achieve this. One possible method is to use acoustic cavitation, where 

sound waves are used to induce bubble formation in a liquid sample. Another method is to use 

electrochemical or electrophoretic techniques to create bubbles at the surface of an electrode. 

Here is a possible protocol for using acoustic cavitation to create macrobubbles in the biosensor: 

• Prepare the biosensor: The biosensor should be assembled with the appropriate 

components, including the microfluidic channels, electrodes, and detection system. 

• Introduce the sample: The sample containing the target biomolecule is introduced into the 

microfluidic channel of the biosensor. 

• Apply acoustic energy: Acoustic energy is applied to the sample using a transducer, 

which generates high-frequency sound waves. The sound waves induce cavitation in the 

sample, resulting in the formation of macrobubbles. 

• Target biomolecule capture: The macrobubbles are designed to selectively capture the 

target biomolecule through the specific ligands or receptors on their surface. 
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• Separation and detection: After incubation, the macrobubbles are separated from the 

sample and washed to remove any non-specifically bound biomolecules. The presence of 

the target biomolecule on the macrobubble surface can be detected using various 

detection methods, such as fluorescence, colorimetry, or surface plasmon resonance. 

• Quantification and analysis: The signal generated by the macrobubble biosensor can be 

quantified and analyzed to determine the concentration and characteristics of the target 

biomolecule in the sample. 

It is important to note that the specific protocol and conditions for acoustic cavitation can vary 

depending on the type of sample, transducer, and biosensor design used. Optimization of these 

factors can help to achieve the best performance for the macrobubble biosensor. 

A component list to construct our macrobubble biosensor is as follows: 

• Microfluidic channels: These channels are used to transport the sample and reagents 

through the biosensor. The channels can be made of various materials, such as glass, 

silicon, or polymer. 

• Electrodes: The biosensor may require one or more electrodes, such as working 

electrodes, reference electrodes, and counter electrodes, to facilitate electrochemical or 

electrophoretic bubble generation and detection. 

• Transducers: Transducers are used to apply acoustic energy to the sample and induce 

macrobubble formation. The transducer can be a piezoelectric element, a 

magnetostrictive element, or other type of ultrasound generator. 

• Ligands or receptors: The macrobubbles may need to be functionalized with specific 

ligands or receptors that selectively bind to the target biomolecule of interest. Examples 

of ligands or receptors include antibodies, aptamers, or peptides. 

• Surfactants: Surfactants can be added to the bubble-generating solution to stabilize the 

macrobubbles and prevent coalescence. Examples of surfactants include Tween 20 and 

Pluronic F-127. 

• Gas source: A gas source, such as compressed air or nitrogen, is needed to generate the 

bubbles. 

• Detection system: The detection system can be optical, electrochemical, or mechanical, 

depending on the specific biosensor design. Examples of detection methods include 

fluorescence, colorimetry, surface plasmon resonance, or acoustic impedance 

measurements. 

• Microcontroller or data acquisition system: A microcontroller or data acquisition system 

can be used to control the biosensor operation and collect data from the detection system. 

• Housing: The biosensor may require a housing to protect the components and maintain 

the microfluidic environment. The housing can be made of various materials, such as 

plastic or metal.  

It is important to note that the specific components and materials needed may vary depending on 

the specific biosensor design and application. 

Here is a general overview of the process from introducing the captured pathogen elements into 

the biosensor receptacle to having machine learning compare the results against libraries of 

known pathogens: 
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• Sample preparation: A patient exhales air through a specialized face mask respirator, 

which includes a filter component to capture pathogen elements. The filter component is 

removed from the face mask and introduced into the biosensor unit. The biosensor unit 

includes a receptacle to hold the filter component, and an extraction solution is added to 

elute the captured pathogens from the filter material. To elute the captured pathogens 

from the filter material, an extraction solution is added, such as a buffer or a saline 

solution, and the solution is agitated. Agitation can be achieved using a variety of 

methods, such as a vortex mixer, a probe sonicator, or a magnetic stirrer, depending on 

the specific parameters of the biosensor design. 

The captured pathogen elements from the filter component are extracted from the filter 

and prepared for introduction into the biosensor. This may involve adding a buffer or 

other solution to the sample to prepare it for analysis. The specific extraction protocol 

would depend on the properties of the filter component and the target pathogens, as well 

as the detection method used in the biosensor. For example, if the biosensor uses 

antibody-based detection, the extraction solution might include a blocking agent to 

minimize non-specific binding of the antibodies to the filter material, and a gentle 

detergent or surfactant to facilitate the release of the pathogens from the filter. 

Alternatively, if the biosensor uses a nucleic acid amplification-based detection method, 

the extraction solution might include enzymes or reagents to lyse the pathogens and 

release their DNA or RNA. It is important to note that the extraction step could introduce 

additional complexity and variability to the biosensor system and would need to be 

carefully optimized and validated to ensure consistent and reliable performance. 

Introduction of sample into the biosensor: The prepared sample is introduced into the 

biosensor through the sample inlet. The sample flows through the microfluidic channels 

and reaches the bubble generation region and the solution is agitated. Agitation can be 

achieved using a variety of methods, such as a vortex mixer, a probe sonicator, or a 

magnetic stirrer, depending on the specific parameters of the biosensor design. 

• The extracted pathogen elements are introduced into the macrobubble solution containing 

the functionalized macrobubbles. The macrobubbles are designed to selectively capture 

the target pathogen elements on their surface. The solution is agitated to allow the 

macrobubbles to capture the target pathogen elements. There are several methods that 

could be used to determine the interaction of pathogen elements with macrobubbles, with 

respect to the buoyancy and other properties of the macrobubbles. One approach could be 

to use techniques such as microscopy or spectroscopy to directly observe and characterize 

the interaction of the pathogen elements with the macrobubbles. For example, 

fluorescence microscopy could be used to visualize the binding of fluorescently labeled 

pathogen elements to the macrobubbles, while spectroscopy techniques such as UV-Vis, 

Raman or infrared spectroscopy could be used to investigate changes in the properties of 

the macrobubbles upon interaction with the pathogen elements. Another approach could 

be to measure the buoyancy of the macrobubbles before and after exposure to pathogen 

elements. For instance, buoyancy measurements could be made using techniques such as 

centrifugation or density gradient separation, which could help to determine whether the 

pathogen elements are interacting with the macrobubbles and altering their buoyancy 

properties. Other physical and chemical properties of the macrobubbles, such as their 

size, shape, charge, and stability, could also be characterized before and after exposure to 

the pathogen elements, using a variety of analytical techniques. By comparing these 
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properties with those of untreated macrobubbles, it may be possible to gain insights into 

the specific interactions between the pathogen elements and the macrobubbles. 

• Pathogen Interaction: We can also integrate the measurement of buoyancy and other 

properties of macrobubbles into our biosensor procedure to help determine the interaction 

between pathogen elements and macrobubbles. We could use techniques such as acoustic 

levitation or image analysis to measure the buoyancy and size distribution of 

macrobubbles before and after exposure to the captures pathogen elements. This 

information could then be used to further optimize the biosensor and improve its 

sensitivity and specificity. Acoustic levitation is a technique that uses sound waves to 

create a force field that can levitate and manipulate small objects, including liquid 

droplets and solid particles. In the context of a biosensor, acoustic levitation can be used 

to manipulate and position macrobubbles for improved detection sensitivity. 

The basic components needed for acoustic levitation include a sound generator 

(transducer), a reflector, and a power source. The transducer emits sound waves at a 

specific frequency, which interact with the reflector to create a standing wave pattern in 

the space between them. Objects placed at certain points within this pattern experience a 

force that counteracts the force of gravity and causes them to levitate. To implement 

acoustic levitation in the biozone macrobubble biosensor, additional components would 

be needed, such as a microfluidic device or a flow chamber to position the macrobubbles 

in the standing wave pattern. The sound generator and reflector would also need to be 

carefully calibrated to create a stable standing wave that can trap and manipulate the 

macrobubbles. 

• Bubble generation: The macrobubbles are generated in the bubble generation region 

through the application of acoustic energy from the transducer. The bubbles are 

functionalized with specific ligands or receptors that selectively bind to the target 

biomolecule of interest. The process of generating macrobubbles typically involves 

acoustic energy from a transducer, but there are different approaches to achieving this. 

For example, the bubble generation region may consist of a microfluidic channel with a 

piezoelectric substrate that generates standing waves to create the macrobubbles.  

 

Alternatively, the bubbles could be generated using a microfluidic nozzle or a syringe 

pump that creates pressure waves to generate the bubbles. The choice of bubble 

generation method can impact the performance of the biosensor, including factors such as 

the size and distribution of the bubbles, the sensitivity and specificity of the detection, 

and the stability of the bubbles over time. Additionally, the functionalization of the 

bubble surface with ligands or receptors is also an important consideration for ensuring 

selective binding to the target biomolecule. It is important to carefully consider the 

bubble generation method and the functionalization of the bubble surface to optimize the 

biosensor performance for the specific application. This may involve experimental testing 

and optimization of different parameters, such as the acoustic frequency, the flow rate, 

the surface chemistry of the bubbles, and the choice of ligands or receptors.  

 

- Flash freezing the macrobubbles could potentially improve the efficiency of the 

biosensor in several ways: 
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- Increased stability: Freezing the macrobubbles can increase their stability and shelf 

life, which is important for ensuring consistent and reliable performance of the 

biosensor over time. 

- Improved capture efficiency: Flash freezing the macrobubbles may improve their 

ability to capture and retain target biomolecules on their surface, by reducing the 

diffusion of the biomolecules and slowing down degradation processes. 

- Reduced non-specific binding: Flash freezing the macrobubbles could potentially 

reduce non-specific binding of unwanted biomolecules, by preventing them from 

interacting with the bubble surface. However, it is important to note that the freezing 

process could also have negative effects on the macrobubbles, such as causing 

physical damage to their surface or altering their functionalization with ligands or 

receptors. Therefore, careful optimization and validation of the freezing process 

would be necessary to ensure that it does not negatively impact the biosensor 

performance. Additionally, the freezing process could introduce additional 

complexity and cost to the biosensor design, such as the need for specialized freezing 

equipment and storage conditions. Therefore, the benefits and tradeoffs of freezing 

the macrobubbles would need to be carefully evaluated in the context of the specific 

biosensor application and performance requirements. Using liquid nitrogen to flash 

freeze the macrobubbles could potentially be an effective way to improve the stability 

and performance of the biosensor. Liquid nitrogen is a very cold and fast-freezing 

medium that can rapidly cool down the macrobubbles to below their freezing point, 

reducing the risk of damage or degradation during the freezing process. However, 

there are also potential challenges and limitations associated with using liquid 

nitrogen for flash freezing. For example, liquid nitrogen can be hazardous and 

requires specialized equipment and handling procedures. In addition, the use of liquid 

nitrogen may add complexity and cost to the biosensor design, such as the need for 

specialized storage and transportation of the frozen macrobubbles. Therefore, the use 

of liquid nitrogen for flash freezing should be carefully evaluated in the context of the 

specific biosensor application, taking into account factors such as the performance 

requirements, the practical feasibility of using liquid nitrogen, and the potential 

tradeoffs between benefits and costs. Additionally, alternative methods for freezing 

the macrobubbles, such as using cryoprotectants or other freezing agents, may also be 

worth exploring to optimize the biosensor performance.  

• Detection Chamber: The pathogen-containing macrobubble solution is then introduced 

into a detection chamber containing antibodies or aptamers specific to the target pathogen 

elements. 

• Detection of bound biomolecules: As the bubbles flow through the detection region, they 

encounter the target biomolecules that have been captured on their surface. The detection 

system detects the presence of the biomolecules on the surface of the macrobubbles. This 

can be done through optical, electrochemical, or mechanical methods, depending on the 

specific biosensor design. For example, an optical sensor could use fluorescence or 

colorimetric changes to detect the presence of pathogen elements on the surface of the 

macrobubbles, while an electrochemical sensor could measure changes in current or 

voltage resulting from the interaction between the macrobubbles and the target pathogen 

elements. The biosensor outputs a signal corresponding to the presence or absence of the 

target pathogen elements in the sample. The output signal could be in the form of an 
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electrical signal, a fluorescence or colorimetric signal, or other types of signals depending 

on the detection method used. Fluorescence spectroscopy is a technique that involves the 

use of a specific type of light source, such as a laser, to excite fluorescent molecules that 

are attached to a target pathogen element. When the molecules are excited, they emit light 

at a specific wavelength, which can be detected by a detector. By measuring the intensity 

and wavelength of the emitted light, it is possible to determine the presence and 

concentration of the target pathogen element. Impedance spectroscopy, on the other hand, 

is a technique that measures the electrical properties of a solution or material, including 

its resistance and capacitance. When a target pathogen element is present in a solution, it 

can alter the electrical properties of the solution, which can be measured using an 

impedance spectrometer. By analyzing changes in the electrical properties of the solution, 

it is possible to determine the presence and concentration of the target pathogen element. 

Both fluorescence spectroscopy and impedance spectroscopy are commonly used in 

biosensing applications, including pathogen detection. They are highly sensitive 

techniques that can detect very low concentrations of target pathogen elements in a 

sample. 

• The biosensor could also include amplification or signal processing components to 

enhance the sensitivity or specificity of the output signal. The output signal is analyzed 

by machine learning algorithms that compare the detected signal to libraries of known 

pathogen signals, allowing for identification of the specific pathogen species. The 

machine learning interface could use a variety of algorithms, such as convolutional neural 

networks or support vector machines, to analyze the signal and classify it into specific 

categories based on the pattern of the signal. The machine learning interface could also 

include feedback loops to refine the algorithm based on new data or to adapt to new 

pathogen strains.  

• Magnetic beads: are a commonly used tool for biomolecule isolation and detection, and 

they can potentially be used in conjunction with the macrobubble biosensor you are 

designing. Magnetic beads can be functionalized with specific ligands or receptors to 

selectively capture target biomolecules, and the beads can then be magnetically separated 

from the solution and introduced into the biosensor for detection. In the context of the 

macrobubble biosensor, magnetic beads could potentially be used to pre-concentrate the 

target biomolecules from a complex biological sample before introducing them into the 

biosensor receptacle. This could improve the sensitivity and specificity of the biosensor, 

by reducing the interference from other non-target molecules present in the sample. 

Additionally, magnetic beads could be used to immobilize the captured biomolecules on 

the macrobubble surface, by applying a magnetic field to the solution and attracting the 

beads to the bubble. However, the use of magnetic beads in the biosensor would add 

additional complexity to the overall system and would require careful optimization and 

validation of the magnetic bead separation and immobilization steps. It is also worth 

noting that the magnetic field used to attract the beads to the macrobubbles may 

potentially interfere with the bubble stability and function, so this would need to be 

carefully evaluated in the context of the specific biosensor design. 

• Magnetic Bead Separation: 
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• Signal processing: The output signal from the detection system is processed to obtain a 

quantitative measure of the biomolecule concentration. This can be done using digital 

signal processing techniques or other algorithms. 

• Data analysis and machine learning: The quantitative biomolecule data is then analyzed 

and compared to libraries of known pathogens using machine learning algorithms. The 

algorithms can identify the pathogen based on the biomolecule data and can also provide 

information about the pathogen's strain and potential virulence. 

• Pathogen identification: Based on the comparison with known pathogen libraries, the 

machine learning interface identifies the type of pathogen present in the original filter 

component. 

 

It is important to note that the specifics of the process, such as the choice of ligands or receptors, 

the detection method, and the machine learning algorithms, may vary depending on the specific 

biosensor design and application. Additionally, the biosensor may need to be calibrated and 

validated using known pathogen samples to ensure accurate and reliable results. 

Overall, the macrobubble biosensor is a comprehensive system that combines multiple detection 

methods with macrobubble concentration to provide highly sensitive and specific pathogen 

detection. The integration of machine learning analysis allows for rapid and accurate 

identification of the detected pathogen. The Biozone macrobubble biosensor combines multiple 

processes to achieve highly sensitive and specific detection of pathogen elements in exhaled air 

from a patient. 

In the Pathogen Perspective 

If one could imagine themselves as being the pathogen that is exhaled from a subject 

individually this would provide an interesting insight into the process and potentially detect 

system flaws or means of improvement. The following sequence of events would be perceived if 

we were imaginary pathogens: 

- I would be introduced into the biosensor through the filter component, which captures me 

and other pathogen elements from the exhaled air of a patient. 

- Extraction: I would be extracted from the filter component by the extraction solution, 

which would break down the filter and release me into the solution. 

- Agitation: The solution containing me would be agitated to create macrobubbles, which 

would float to the surface due to my buoyancy and other properties. 

- Capture: The macrobubbles would capture me and other pathogen elements, binding to 

my surface through ligands or receptors. 

- Detection: The macrobubbles containing me and other pathogen elements would be 

detected through fluorescence spectroscopy, impedance spectroscopy, and acoustic 

levitation. These methods would determine the size, shape, and physical properties of the 

macrobubbles and the pathogen elements captured within them. 

- Output: The biosensor would output a signal corresponding to the presence or absence of 

me or other target pathogen elements, indicating whether or not I am a potential threat. 

- Comparison: The output signal would be analyzed by machine learning, which would 

compare the signal to libraries of known pathogens to determine my identity and 

potential threat level. 
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Overall, I would undergo a series of complex processes and analysis in the biosensor to 

ultimately determine my identity and threat level. The pathogen element is subjected to a series 

of specific and selective capture, extraction, and detection processes that allow for its accurate 

identification and differentiation from other similar elements. 

D. The BioZone Electronic Nose Biosensor 

The third biosensor designed for the BioZone System has the capability to detect pathogens, 

VOCs, and infectious proteins from the air. There are various types of sensors that can be used to 

analyze the air environment of a hospital hallway, for example, depending on the specific 

chemicals and particles we want to detect. However, some commonly used sensors for air quality 

monitoring include: 

Metal oxide gas sensors: These sensors detect the changes in electrical conductivity of a metal 

oxide when it interacts with a gas or vapor in the air. They are used to detect various gases such 

as carbon monoxide, nitrogen dioxide, and volatile organic compounds. 

Electrochemical sensors: These sensors use a chemical reaction to produce an electric current 

that is proportional to the concentration of a particular gas or vapor. They are commonly used to 

detect gases such as carbon monoxide, nitrogen dioxide, and ozone. 

Photoionization detectors: These sensors use ultraviolet light to ionize gas molecules and detect 

the resulting electrical current. They are commonly used to detect volatile organic compounds. 

Particulate matter sensors: These sensors use laser light to detect and count the number of 

particles in the air. They can detect various types of particulate matter, including PM2.5 and 

PM10. 

Based on the specific chemicals and particles we want to detect; we can choose one or more of 

these sensors. Considering we want our BioZone Air Detection Biosensor to detect toxic 

chemicals, VOCs, certain pathogens and specific pathogen previously undetected, the electronic 

nose will be our preferred design.  

The electronic nose is a versatile tool that can detect a wide range of chemical compounds and 

odors. Some of the specific compounds and pathogens it can detect include: 

- VOCs: The electronic nose can detect a variety of VOCs, including those associated with 

toxic chemicals like benzene, toluene, and formaldehyde. 

- Pathogens: The electronic nose can detect the presence of various pathogens in the air, 

including bacteria, viruses, and fungi. 

- Prions: The electronic nose may be able to detect the presence of prions, which are 

responsible for diseases like Chronic Wasting Disease in cervids, mad cow disease and 

Creutzfeldt-Jakob disease. 

- Specific toxins: The electronic nose can detect specific toxins, such as cyanide, carbon 

monoxide, and nerve agents. 

- Other chemicals: The electronic nose can also detect other chemicals and compounds, 

such as drugs, explosives, and pesticides. 

It's worth noting that the electronic nose may not be able to detect all types of chemicals or 

pathogens, and that some compounds may require additional testing or confirmation. However, it 

can still be a useful tool for screening and detecting potential hazards in the air. Ultimately, the 
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specific design of the BioZone unit and the approach used to detect the agents will depend on the 

intended use case, the environmental conditions in which it will operate, and other factors such 

as cost and feasibility. 

Since the BioZone Air Biosensor is designed to detect only airborne agents and does not involve 

any capture or sampling of air from a specific source, then a roaming model of the BioZone Unit 

can be designed to continuously monitor the environment for the presence of specified VOCs 

and other airborne agents. 

This approach would involve having the roaming BioZone unit equipped with the necessary 

biosensors and data acquisition system to detect the specified agents in real-time. The unit could 

then move continuously through the environment, alerting the user when a specified agent is 

detected.  

Depending on the size of the area being monitored and the number of agents being detected, the 

unit will need to be programmed to move through the environment in a specific pattern to ensure 

adequate coverage. 

The electronic nose biosensor is a powerful tool for detecting and analyzing volatile organic 

compounds (VOCs) in a wide range of samples, including breath, urine, and blood. The 

electronic nose is based on the concept of breathomics, which involves the analysis of the 

volatile organic compounds (VOCs) present in exhaled breath. The concentration and pattern of 

VOCs in exhaled breath can provide valuable information about an individual's health status, 

including the presence of disease, infection, or exposure to environmental toxins. 

Electronic biosensors have emerged as a promising technology for breath analysis due to their 

ability to detect and identify VOCs rapidly and accurately. Electronic nose biosensors typically 

consist of an array of chemical sensors that are sensitive to different VOCs. When exposed to a 

sample, each sensor in the array produces a unique electrical signal that corresponds to the 

specific VOC it has detected. By analyzing the pattern of signals from the sensor array, the 

electronic nose can identify the specific VOCs present in the sample. 

The development of electronic nose biosensors has been driven by advances in materials science, 

nanotechnology, and signal processing. By leveraging these technologies, researchers have been 

able to improve the sensitivity, selectivity, and reliability of electronic nose biosensors, making 

them a valuable tool for a wide range of applications, including disease diagnosis, drug 

development, and environmental monitoring. 

The electronic nose biosensor is capable of detecting specific pathogens in the air and infectious 

proteins such as prions. The sensor works by detecting the unique odor or volatile organic 

compound (VOC) signature of the pathogen or protein. Each pathogen or protein has a unique 

signature, and the electronic nose biosensor can be programmed to detect and identify these 

signatures. 

For example, in the case of prion detection, the electronic nose biosensor can detect the volatile 

organic compounds (VOCs) that are emitted by the prion proteins. These VOCs can be detected 

in the air or in bodily fluids such as blood or cerebrospinal fluid. By detecting these VOCs, the 

electronic nose biosensor can identify the presence of prions and provide early detection of prion 

diseases such as Creutzfeldt-Jakob disease (CJD) and chronic wasting disease (CWD). 
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Similarly, the electronic nose biosensor can be programmed to detect the VOC signature of 

specific pathogens such as bacteria, viruses, and fungi. This can be especially useful in detecting 

airborne pathogens that can cause respiratory infections, such as influenza, tuberculosis, and 

COVID-19. By detecting the VOC signature of these pathogens, the electronic nose biosensor 

can provide early detection and help prevent the spread of these diseases. 

The electronic nose biosensor has the capability to detect unknown pathogens even if they are 

not included in its pre-existing library of identified pathogens. This is because the electronic nose 

works based on pattern recognition, and it can detect differences in the chemical composition of 

different samples. When the electronic nose is exposed to an unknown pathogen, it can compare 

the chemical profile of the sample with those in its library and determine the closest match. This 

can provide an indication of the potential pathogen and its threat level, allowing for timely 

response and containment. 

Furthermore, once the identity of the unknown pathogen is confirmed, it can be added to the 

library of the electronic nose biosensor for future reference. This allows for continual expansion 

and improvement of the system's ability to detect a wider range of pathogens. 

Electronic nose sensors work by detecting and measuring changes in the electrical conductivity 

of metal oxide semiconductors when they come into contact with the gas molecules in the air 

sample. The sensors are coated with a thin layer of a metal oxide such as tin oxide or tungsten 

oxide that is sensitive to certain types of gases and vapors. When a gas or vapor enters the 

sensor, it interacts with the metal oxide layer, causing a change in its electrical conductivity. This 

change is then converted into a signal that can be measured and analyzed by the electronic nose's 

software. The combination of signals from multiple sensors in the electronic nose can then be 

used to identify and quantify the different components in the air sample. The electronic nose 

typically uses a combination of a sampling system and sensor array to capture and analyze an air 

sample. The sampling system works by drawing in air through a filter or membrane, which is 

then passed over the sensor array for analysis. The sensor array consists of several sensors, each 

of which responds to a specific type of gas or vapor. When the air sample passes over the sensor 

array, the sensors are activated and generate an electrical signal that corresponds to the 

concentration of each gas or vapor in the sample. This signal is then processed by a computer 

algorithm, which compares the pattern of responses from the sensors to a database of known 

patterns associated with different substances. Based on the comparison, the electronic nose can 

identify the presence and concentration of specific gases or vapors in the air sample. This process 

is often repeated multiple times to improve the accuracy of the analysis and increase the 

likelihood of detecting low levels of target analytes. 

There are several ways to improve the sensitivity of the electronic nose to detect VOCs, 

pathogens, and prions: 

• Improve the sensor materials: Choosing or developing new materials that are more 

selective and sensitive to target analytes can significantly enhance the performance of the 

electronic nose. One material that could be more selective and sensitive to target analytes 

in an electronic nose is metal-organic frameworks (MOFs). MOFs are porous materials 

that have a high surface area and can be tailored to selectively adsorb specific target 

molecules. They have been shown to have high sensitivity and selectivity in detecting 

various target analytes, including VOCs and other gases.The material commonly used in 
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electronic noses that could be improved upon is carbon black or other conductive 

polymers. While these materials have good conductivity and stability, they may not be as 

selective or sensitive to specific target molecules as other materials like MOFs. 

• Increase the number of sensors: Incorporating more sensors into the electronic nose can 

improve its ability to detect multiple target analytes simultaneously and increase the 

sensitivity of the device. Typically, electronic nose sensors use around 6-10 sensors. 

However, to improve the sensitivity and selectivity of our electronic nose, we could 

increase the number of sensors to around 16-20. By using more sensors, we can increase 

the number of chemical interactions and potentially increase the accuracy and sensitivity 

of our detection system. However, it is important to note that increasing the number of 

sensors also increases the complexity and cost of the electronic nose. 

• Optimize the sensor array: The electronic nose's performance can be improved by 

optimizing the sensor array's configuration, including the number, type, and position of 

sensors. An optical array is a type of sensor array that uses light to detect and analyze 

target analytes. It typically consists of an array of different types of light-sensitive 

materials, such as dyes, nanoparticles, or quantum dots, that are each designed to react 

differently to specific target analytes. When exposed to a sample containing the target 

analyte, the light-sensitive materials in the array will emit a specific pattern of light, 

which can be analyzed to identify the presence and concentration of the analyte. The 

specific design of an optical array can vary depending on the application, but typically 

involves immobilizing the light-sensitive materials on a substrate, such as a glass slide or 

a microfluidic chip. The sample containing the target analyte is then introduced to the 

array, and the emitted light pattern is captured using a camera or other detection system. 

The captured data can then be analyzed using machine learning algorithms or other data 

analysis techniques to identify the target analyte and quantify its concentration. Optical 

arrays have been used for a variety of applications, including environmental monitoring, 

medical diagnostics, and food safety testing. They offer several advantages over 

conventional electronic biosensors, including higher sensitivity and selectivity, faster 

response times, and the ability to detect multiple analytes simultaneously. No, the optical 

array is a different type of sensor array that can be used in an electronic nose. Unlike the 

MOS sensor array that we discussed earlier, the optical array uses light to interact with 

the target molecules and generate a response. In an optical array, the target molecules are 

often coated onto a surface, and the response is measured through changes in the 

reflectivity, fluorescence, or absorption of light. The resulting signal can be analyzed to 

identify the target molecule or mixture of molecules. Optimizing the sensor array 

involves selecting the most effective combination of sensors to achieve maximum 

sensitivity and selectivity for the target analytes. This can be done through a process of 

trial and error, where different combinations of sensors are tested and the results are 

analyzed to determine the most effective combination. Machine learning algorithms can 

also be used to analyze large data sets and identify patterns that can be used to optimize 

the sensor array. Additionally, using advanced data analysis techniques such as principal 

component analysis (PCA) or partial least squares (PLS) can help to reduce noise and 

improve the accuracy of the sensor array. 

• Enhance signal processing algorithms: Developing advanced algorithms for signal 

processing and data analysis can improve the electronic nose's ability to differentiate 
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between similar molecules and increase its sensitivity. Sure, enhancing the signal 

processing algorithms in the electronic nose biosensor can improve the accuracy and 

sensitivity of the device. Signal processing algorithms are used to analyze the signals 

from the sensors and identify the specific patterns associated with the target analytes. One 

way to improve the algorithms is to use machine learning techniques, such as neural 

networks, to process the signals. Neural networks are a type of machine learning 

algorithm inspired by the structure of the human brain. They are composed of 

interconnected nodes, or neurons, that are organized into layers. The input layer receives 

data, which is then processed through the hidden layers and output layer to produce a 

result. In the case of an electronic nose, the neural network would be trained to recognize 

patterns in the signals from the sensor array. The network would be "trained" by being 

exposed to known samples of the target VOCs, pathogens, or prions, and adjusting its 

internal connections until it can accurately identify those samples. Once trained, the 

network can be used to identify unknown samples by comparing their signals to the 

patterns it has learned to recognize. By optimizing the neural network, we can improve 

the accuracy and speed of our biosensor in identifying target analytes. This can be 

achieved through techniques such as improving the quality and quantity of training data, 

adjusting the network architecture, and fine-tuning the learning parameters. This 

approach can enable the electronic nose to learn and recognize complex patterns that are 

difficult for traditional algorithms to identify. Another approach is to use advanced 

statistical analysis techniques, such as principal component analysis (PCA), to analyze 

the sensor signals. PCA (Principal Component Analysis) is a technique used in data 

analysis to reduce the dimensionality of a large dataset by identifying patterns and 

relationships between variables. In simple terms, PCA takes a large dataset and reduces it 

down to a smaller number of dimensions, while still retaining the important information 

in the original dataset. This is done by finding the principal components, which are linear 

combinations of the original variables that explain the maximum amount of variation in 

the data. The first principal component explains the largest amount of variation in the 

data, and each subsequent component explains the remaining variation in decreasing 

order. By retaining only, the most important principal components, PCA reduces the 

dimensionality of the dataset and removes noise and redundancy from the data. PCA is 

often used in signal processing and image analysis and can be a useful tool in enhancing 

the signal processing algorithms in electronic nose biosensors. 

This can help identify the most important features of the signal and reduce noise and 

interference from other sources. Overall, improving the signal processing algorithms can 

help improve the accuracy and reliability of the electronic nose biosensor, making it a 

more effective tool for detecting a wide range of target analytes. 

• Implement pre-concentration techniques: Pre-concentration techniques such as solid 

phase microextraction or thermal desorption can increase the concentration of target 

analytes in the sample, which can improve the electronic nose's sensitivity. Pre-

concentration techniques can help to increase the sensitivity of an electronic nose 

biosensor by concentrating the target analytes before they reach the sensor array, which 

can improve the overall signal-to-noise ratio. Two commonly used pre-concentration 

techniques are solid phase microextraction (SPME) and thermal desorption. SPME 

involves extracting the target analytes from a gaseous or liquid sample using a small, 

coated fiber. The fiber is then heated, and the extracted analytes are desorbed and 
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directed to the sensor array for detection. SPME can be used to selectively extract target 

analytes from complex matrices, and it is a non-destructive and solvent-free method that 

is compatible with a wide range of compounds. Thermal desorption, on the other hand, 

involves heating a sample to vaporize the target analytes and trapping them on a suitable 

adsorbent material, such as charcoal or silica gel. The adsorbent material is then heated, 

and the analytes are released and directed to the sensor array for detection. Thermal 

desorption can be used to extract a wide range of volatile and semi-volatile organic 

compounds from various matrices, and it is a sensitive and reliable method for pre-

concentration. Both SPME and thermal desorption can be coupled with an electronic nose 

biosensor to enhance its capabilities for detecting target analytes in complex mixtures and 

improve its overall sensitivity and selectivity. 

 Our improved electronic nose biosensor incorporates several improvements over the 

conventional electronic biosensor. Firstly, we have used new materials that are more selective 

and sensitive to target analytes, such as carbon nanotubes and metal-organic frameworks. 

Secondly, we have increased the number of sensors in the sensor array to improve the specificity 

and sensitivity of the sensor. We have optimized the sensor array by arranging the sensors in a 

specific pattern to maximize their effectiveness. Thirdly, we have improved the signal processing 

algorithms using machine learning techniques, such as principal component analysis (PCA) and 

artificial neural networks (ANNs). PCA reduces the dimensionality of the data and helps to 

identify the most important features in the signal. ANNs learn to recognize patterns in the data 

and can improve the accuracy of the sensor. Lastly, we have incorporated pre-concentration 

techniques, such as solid phase microextraction (SPME) and thermal desorption, to enhance the 

biosensor's capabilities. SPME is a sample preparation technique that extracts target analytes 

from the air and concentrates them onto a small fiber for analysis. Thermal desorption involves 

heating the sample to release target analytes for detection. 

All of these improvements combined have resulted in a highly sensitive and specific electronic 

nose biosensor that can detect a wide range of VOCs, pathogens, and prions in the air. 

It's difficult to provide a specific estimate of the percentage of improvement we have achieved 

over traditional electronic nose biosensors, as it depends on various factors such as the specific 

target analytes, the concentration range, and the specific performance metrics being considered. 

However, by incorporating the improvements we discussed (such as using more selective and 

sensitive materials, increasing the number of sensors in the array, optimizing the sensor array, 

and enhancing signal processing algorithms), we can reasonably expect a significant 

improvement in the overall performance of our biosensor compared to traditional ones. We can 

potentially achieve better detection limits, higher selectivity, faster response times, and better 

accuracy and reproducibility. 

Next, it is possible to integrate the three biosensors into a single multipurpose biosensor by 

utilizing the output data of each biosensor to provide a more comprehensive analysis of the target 

environment. The macrobubble biosensor can be used to detect the presence of biological 

pathogens in the water, while the quartz crystal microbalance biosensor can detect the presence 

of airborne pathogens and VOCs. The electronic nose biosensor can then be used to further 

identify the specific type of airborne pathogen or VOC detected by the quartz crystal 

microbalance biosensor. 
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To integrate the biosensors, the output signals from each biosensor can be collected and analyzed 

by a microcontroller or microprocessor unit. The output data can then be combined using 

advanced machine learning algorithms such as artificial neural networks or principal component 

analysis (PCA). This integration allows for improved sensitivity and specificity, as the multiple 

biosensors provide complementary information about the target environment. 

The integration of the three biosensors can significantly improve the sensitivity and specificity of 

the multipurpose biosensor over any of the individual biosensors alone. The macrobubble 

biosensor can detect biological pathogens in water with high sensitivity and selectivity, while the 

quartz crystal microbalance biosensor can detect airborne pathogens and VOCs. The electronic 

nose biosensor can further identify the specific type of airborne pathogen or VOC detected by 

the quartz crystal microbalance biosensor, allowing for accurate identification and 

characterization of the target environment. The combination of these biosensors provides a 

comprehensive analysis of the target environment, enabling more effective monitoring and 

detection of potential biological threats. 

The biozone multipurpose biosensor that we have developed incorporates three separate 

biosensors - the modified macrobubble biosensor, the modified quartz crystal microbalance 

biosensor, and the improved electronic nose biosensor. By integrating these three biosensors, we 

have significantly improved the sensitivity and specificity of our biosensor compared to any of 

the individual biosensors alone.  

The modified macrobubble biosensor is able to detect and quantify pathogens in liquid samples, 

while the modified quartz crystal microbalance biosensor can detect and quantify pathogens in 

gas samples. The improved electronic nose biosensor can detect specific volatile organic 

compounds (VOCs) associated with pathogens, as well as unknown pathogens by analyzing the 

pattern of VOCs present in a sample. 

By combining the capabilities of these three biosensors, the biozone multipurpose biosensor is 

able to detect and quantify a wide range of pathogens and infectious agents in both liquid and gas 

samples, providing a versatile tool for a variety of applications. The integration of these three 

biosensors also enhances the sensitivity and specificity of the biosensor compared to traditional 

means, allowing for earlier and more accurate detection of pathogens and infectious agents. 

The integration of the three biosensors with the modifications and improvements made to each 

one can lead to a significant improvement in the sensitivity and specificity of the multipurpose 

biosensor. This can potentially have a huge impact on detecting and preventing the spread of 

diseases, especially in areas with limited resources and infrastructure. 

The development of the integrated improved Biozone multipurpose biosensor represents a 

significant breakthrough in the field of biodefense and biocontamination detection. With the 

ability to detect a wide range of VOCs, pathogens, and prions in real-time, this biosensor system 

has the potential to revolutionize the field of biodefense and provide an early warning system for 

potential biothreats. 

In particular, the Biozone biosensor has the ability to detect a wide range of contaminants, 

including those that are not currently detectable using conventional means. This means that the 

system could help to prevent the spread of biocontamination by detecting potential sources of 

infection before they become widespread.  



41 
 

Furthermore, the Biozone biosensor is highly sensitive and specific, providing accurate and 

reliable results in real-time. This could help to reduce the risk of false positives or false 

negatives, which are common problems with conventional detection methods.  

Overall, the development of the Biozone multipurpose biosensor represents a significant step 

forward in the field of biodefense and could play an important role in the national biodefense 

strategy and implementation plan. By providing an early warning system for potential biothreats, 

the biosensor could help to prevent the spread of biocontamination and improve public health 

and safety. 

The development of our integrated improved Biozone multipurpose biosensor represents a 

potential breakthrough in the ability to provide an early warning biocontagion and biodefense 

system for the national biodefense strategy and implementation plan disseminated in 2022. By 

providing our biosensor into the point of care healthcare setting, as well as areas of frequent 

congregation such as malls, building complexes, shopping markets, for example, we are enabling 

a rapid and effective response to potential biothreats. Additionally, our biosensor can be 

deployed in free range zones to detect and identify potential threats in real-time. The advanced 

sensitivity and specificity of our biosensor, resulting from the integration of three separate and 

complementary biosensors, make it an essential component of any comprehensive biodefense 

system." 

The potential applications for our multipurpose biosensor are vast and varied. Some examples 

include: 

• Healthcare settings: Our biosensor can be used in hospitals, clinics, and other healthcare 

facilities to detect the presence of infectious pathogens in the air, providing an early 

warning system for healthcare workers. 

• Food safety: Our biosensor can be used to detect harmful bacteria and other pathogens in 

food processing facilities, reducing the risk of foodborne illnesses. 

• Environmental monitoring: Our biosensor can be used to monitor air quality in areas 

prone to pollution or other environmental hazards, such as industrial areas, airports, and 

ports. 

• Agriculture: Our biosensor can be used to detect pathogens in crops and livestock, 

reducing the risk of contamination and disease outbreaks. 

• Public spaces: Our biosensor can be used in public spaces such as shopping malls, 

airports, and train stations to detect the presence of infectious pathogens in the air, 

providing a valuable tool for public health officials to monitor and respond to outbreaks. 

Overall, our multipurpose biosensor has the potential to revolutionize the way we detect and 

respond to infectious diseases, improving public health and safety on a global scale 

Summation 

The BioZone Multipurpose Biosensor is a cutting-edge device that integrates three different 

biosensors, including the macrobubble biosensor, the quartz crystal microbalance biosensor, and 

the electronic nose biosensor. Our team has improved each of these biosensors through various 

modifications, including optimizing the sensor array, utilizing neural networks for signal 

processing, and incorporating pre-concentration techniques. 
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The integration of these biosensors in the BioZone Multipurpose Biosensor provides a significant 

breakthrough in the ability to detect and identify a wide range of VOCs, pathogens, and prions in 

the air. The device has the potential to provide an early warning biocontagion and biodefense 

system that can be utilized in various settings such as point of care healthcare facilities, shopping 

malls, building complexes, and other areas of frequent congregation. 

While our device is ready for construction and testing, we are not able to provide any test results 

at this time. However, the potential impact of the BioZone Multipurpose Biosensor cannot be 

overstated. Its applications extend beyond biodefense and include environmental monitoring, 

food safety, and medical diagnostics. 

Future research and development should focus on improving the sensitivity and specificity of the 

biosensor, expanding the library of identified pathogens and VOCs, and optimizing the 

integration of the biosensors for real-time monitoring. The BioZone Multipurpose Biosensor has 

the potential to revolutionize the field of biosensors and has significant implications for public 

health and safety. 

Questions and Answers: 

Q: How does the BioZone Multipurpose Biosensor compare to other biosensors on the market?  

A: Our biosensor is unique in that it combines the strengths of three different biosensor 

technologies to achieve a high level of sensitivity and specificity. This makes it a powerful tool 

for early detection of biocontagions and biodefense. 

Q: Can you provide more information on the pre-concentration techniques you mentioned, such 

as solid phase microextraction and thermal desorption? 

 A: Solid phase microextraction is a process that uses a fiber coated with a stationary phase to 

extract and concentrate analytes from a gas or liquid sample. Thermal desorption involves 

heating a sample to release analytes that are trapped in a solid material, such as activated carbon. 

Q: How scalable is the production of the BioZone Multipurpose Biosensor?  

A: We believe that the biosensor can be scaled up for mass production, and we are currently 

exploring manufacturing options to make this possible. The scalability of the biosensor will 

depend on several factors, such as the manufacturing process and the availability of materials. 

Further research and development will be necessary to optimize the biosensor for large-scale 

production. 

Q: Have you considered potential false positives or false negatives with the biosensor?  

A: Yes, we have taken steps to minimize the risk of false positives and false negatives, including 

optimizing the sensor array and signal processing algorithms, as well as incorporating multiple 

biosensor technologies to cross-validate results. 

Q: How does the biosensor perform in real-world settings, such as crowded areas or outdoor 

environments?  

A: While we have not yet conducted field tests, we have designed the biosensor to be portable 

and adaptable to various environments, including high-traffic areas and outdoor spaces. 
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Q: What are the potential applications of the BioZone Multipurpose Biosensor beyond 

biodefense?  

A: The biosensor has the potential to be used in a wide range of fields, including healthcare, food 

safety, and environmental monitoring. It could also be used for early detection of emerging 

diseases and outbreaks. 

Q: What is the expected cost of the BioZone Multipurpose Biosensor?  

A: The cost of the biosensor will depend on several factors, such as the materials used, 

manufacturing process, and volume of production. At this time, we are unable to provide an 

estimate of the cost without further research and development. 

Q: Can the biosensor be used for other applications besides biodefense?  

A: Yes, the biosensor has the potential to be used in a wide range of fields, including healthcare, 

food safety, environmental monitoring, and more. With further development and customization, 

the biosensor could be adapted for various applications. 

Q: How does the biosensor compare to other available biosensors on the market?  

A: The BioZone Multipurpose Biosensor has several unique features that set it apart from other 

biosensors. Its integration of multiple sensor technologies and advanced signal processing 

algorithms provide higher sensitivity and specificity, and its ability to detect multiple analytes 

simultaneously is a significant advantage. However, further testing and comparison with other 

biosensors on the market will be necessary to fully evaluate its performance. The BioZone 

Multipurpose Biosensor offers significant improvements in terms of sensitivity and specificity 

compared to other biosensors currently available. Additionally, its ability to detect a wide range 

of VOCs, pathogens, and infectious proteins makes it a versatile tool for various applications. 

Q: What regulatory approvals will be required before the biosensor can be used in the field?  

A: The biosensor will need to undergo regulatory approval processes, such as FDA approval for 

medical applications or USDA approval for food safety applications before it can be used in the 

field. This will require additional testing and validation studies to ensure its safety and 

effectiveness. 

Q: What are the potential limitations of the BioZone Multipurpose Biosensor?  

A: One potential limitation is that the biosensor may require frequent calibration and 

maintenance to ensure accurate readings. Additionally, the cost of producing and deploying the 

biosensor may be a limiting factor in some settings. 

Q: How will the BioZone Multipurpose Biosensor be deployed and used in the field?  

A: The biosensor can be deployed in various settings, including healthcare facilities, public 

spaces, and other high-traffic areas. It can be used to monitor air quality and detect potential 

biohazards in real-time, providing early warning and enabling prompt intervention. 

Q: What are the potential future applications of the BioZone Multipurpose Biosensor?  
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A: The biosensor has potential applications in various fields, including biodefense, 

environmental monitoring, food safety, and industrial settings. Its ability to detect a wide range 

of substances makes it a versatile tool for various applications. 

Q: Can the BioZone Multipurpose Biosensor be customized to detect specific substances?  

A: Yes, the biosensor can be customized to detect specific substances by modifying the sensor 

array and optimizing the signal processing algorithms. 

Q: What are the next steps for the development of the BioZone Multipurpose Biosensor?  

A: The next steps involve further testing and refinement of the biosensor, including field trials in 

various settings. Additionally, further research and development may be needed to optimize the 

biosensor's performance and reduce costs for widespread deployment. 

Technical Challenges: 

Based on the design and development of the BioZone Multipurpose Biosensor, some of the 

potential technical challenges that we may face include: 

• Integration of multiple sensors and signal processing systems 

• Optimization of the multiplexed detection system for different types of target analytes 

• Pre-concentration and detection of extremely low concentrations of VOCs, pathogens, 

and prions 

• Reducing the potential for false positives and false negatives in the detection system 

To overcome these challenges, we plan to: 

• Utilize advanced integration technologies and hardware/software solutions to optimize 

the integration of multiple sensors and signal processing systems. 

• Utilize advanced optimization techniques and experimental design approaches to 

optimize the multiplexed detection system for different types of target analytes. 

• Utilize advanced pre-concentration techniques and sample preparation protocols to 

enable the detection of extremely low concentrations of VOCs, pathogens, and prions. 

• Incorporate multiple validation methods and quality control measures to reduce the 

potential for false positives and false negatives in the detection system. 

• We will also continue to invest in research and development to improve the sensitivity 

and specificity of the biosensor, explore new sensor materials and signal processing 

algorithms, and integrate new detection technologies as they become available. 

• Environmental factors affecting our quartz crystal microbalance system in the free range’ 

One way to minimize the environmental factors affecting the quartz crystal microbalance system 

in the free range is to use a protective casing or cover for the system to shield it from dust, wind, 

and other environmental elements.  

Additionally, using a calibration system to account for changes in temperature and humidity can 

help to maintain the accuracy of the system. It may also be helpful to position the system in an 

area with minimal air flow or turbulence to reduce any disturbances to the system. Finally, 

regular maintenance and cleaning of the system can help to keep it functioning properly in the 

free-range environment. 
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It would also be beneficial to add a temperature and humidity sensor to the free-range model to 

account for any changes in the environmental factors. This can help ensure that the quartz crystal 

microbalance system remains calibrated and accurate even in changing environmental 

conditions. Additionally, it may be helpful to periodically recalibrate the system using known 

standards to ensure accuracy over time. 

To integrate the temperature and humidity sensor with the calibration of the quartz system, a 

microcontroller unit (MCU) or a microprocessor can be added to the biosensor. The MCU or 

microprocessor can continuously monitor the temperature and humidity and adjust the readings 

from the quartz crystal, accordingly, ensuring accurate calibration of the biosensor. The MCU or 

microprocessor can also provide real-time data analysis, and communication with other devices 

and systems if needed. 

 

• Cross-reactivity: One potential issue with biosensors is that they may respond to multiple 

compounds, leading to false positives or decreased specificity. To address this, we can 

employ advanced data analysis techniques such as machine learning algorithms that can 

help identify patterns in the sensor data to distinguish between different compounds. 

• Sensor drift: Over time, the sensitivity and response of the sensors in the biosensor may 

change, which can affect the accuracy and reliability of the device. To overcome this, we 

can incorporate regular calibration routines and quality control checks to ensure that the 

sensors are performing consistently and accurately. 

• Interference: The biosensor may be subject to interference from other electronic devices 

or environmental factors, which can affect its performance. We can address this by 

designing the biosensor with shielding and filtering mechanisms to reduce interference, 

as well as incorporating error detection and correction algorithms to identify and correct 

any erroneous readings. 

• Sample preparation: In order to detect certain compounds, it may be necessary to pre-

treat the sample to extract or concentrate the target analytes. This can be challenging in 

terms of sample throughput and complexity. We can address this by developing more 

efficient sample preparation methods, such as miniaturized solid phase microextraction 

devices or microfluidic platforms that can rapidly process samples. 

• Maintaining stability and reproducibility of the biosensor responses over time: This can 

be addressed by developing standardized protocols for sensor fabrication, storage, and 

usage, as well as implementing quality control measures to ensure consistency and 

reliability. 

• Minimizing cross-reactivity and interference from other molecules: This can be tackled 

by optimizing the sensor selectivity and sensitivity, as well as using advanced signal 

processing and pattern recognition algorithms to distinguish between different analytes. 

• Enhancing the biosensor's sensitivity and specificity for low-concentration targets: This 

can be achieved by incorporating pre-concentration techniques, such as solid-phase 

microextraction and thermal desorption, as well as utilizing advanced sensor materials 

and designs. 

• Ensuring the biosensor's compatibility with various sample matrices: This can be 

addressed by conducting extensive validation studies using real-world samples, as well as 

developing sample preparation protocols tailored to specific applications and matrices. 
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• Improving the biosensor's portability, durability, and cost-effectiveness: This can be 

accomplished by leveraging advancements in micro- and nanofabrication technologies, as 

well as integrating wireless communication and data analysis capabilities into the 

biosensor system. 

 

It's difficult to provide a precise estimate without more specific information about the scope and 

scale of the project. However, given the significant amount of research, development, and testing 

required for the various components of the biosensor, as well as the need for specialized 

equipment and personnel, it's likely that the project would require a significant amount of 

funding, potentially ranging from hundreds of thousands to several million dollars. It's important 

to conduct a detailed cost analysis and budget planning before starting the project to ensure 

adequate funding and resource allocation. 

Given adequate funding and a dedicated team of experts, the development of a multipurpose 

biosensor can take anywhere from 3-5 years or more depending on the complexity of the design 

and the testing required to ensure its reliability and effectiveness. However, it is important to 

note that unforeseen technical challenges and delays can occur during the development process, 

which may affect the timeline and cost of the project. 

Definitions: 

1. Amplification: The process of increasing the amount or concentration of an analyte or signal, 

often used in biosensors and other analytical methods to improve sensitivity or detection limits. 

2. Biocontagion: The ability of a pathogen or other biological agent to spread or infect other 

organisms. 

3. Binding Affinity: The strength or affinity of a receptor or other biomolecule to bind to a 

specific analyte or ligand, often measured by dissociation constants or other parameters. 

4. Biosensor: A device that uses biological recognition elements, such as enzymes, antibodies, or 

nucleic acids, to detect and measure the presence or concentration of an analyte. 

5. Calibration: The process of adjusting a biosensor or other analytical method to ensure 

accurate and precise measurements, often using standards or reference materials. 

6. Elisa: Enzyme-linked immunosorbent assay, a commonly used laboratory technique that uses 

antibodies and enzymes to detect and measure the presence or concentration of an analyte. 

7. Epitope: The specific region or site on an antigen or other molecule that is recognized and 

bound by an antibody or other biomolecule. 

8. Functionalization: The process of modifying or coating a biosensor or other analytical 

method with specific biomolecules or other materials to improve sensitivity, specificity, or other 

properties. 

9. Genome: The complete set of DNA or genetic information of an organism or cell. 

10. Lab-on-a-Chip: A miniaturized device that integrates multiple laboratory functions, such as 

sample preparation, detection, and analysis, onto a single microchip or platform. 
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11. LAMP: Loop-mediated isothermal amplification, a nucleic acid amplification technique that 

is faster and simpler than PCR and can be used for detecting pathogens or other targets. 

12. Machine Learning: A type of artificial intelligence that uses statistical algorithms and 

models to automatically identify patterns or make predictions from data. 

13. Microprocessor: A small electronic device that can process and store data, often used in 

biosensors and other analytical devices for signal processing or data analysis. 

14. Microcontroller System: An integrated system that includes a microprocessor, memory, and 

other components, often used in biosensors and other analytical devices for control and data 

processing. 

15. Microfluidic System: A miniaturized system that uses microchannels and microscale 

components to manipulate and analyze small volumes of fluids, often used in biosensors and 

other analytical devices. 

16. Pathogen: A microorganism, such as a virus or bacterium, that can cause disease or infection 

in other organisms. 

17. PCR: Polymerase chain reaction, a commonly used laboratory technique for amplifying and 

detecting DNA or RNA sequences, often used for detecting pathogens or other targets. 

18. Proteome: The complete set of proteins or protein information of an organism or cell. 

19. Receptor: A biomolecule, such as a protein or nucleic acid, that specifically binds to another 

molecule, such as an analyte or ligand. 

20. Sensitivity: The ability of a biosensor or other analytical method to detect and measure small 

amounts or concentrations of an analyte. 

21. Sensor: A device that detects and responds to a physical or chemical signal, often used in 

biosensors and other analytical devices to detect and measure the presence or concentration of an 

analyte. 

22. Signal-to-Noise Ratio: The ratio of the signal generated by a biosensor or other analytical 

method to the background or noise signal, often used to quantify the sensitivity or detection 

limits of the method. 

23. Sonicator: A device that uses ultrasonic waves to agitate particles in a liquid. 

24. SPR (Surface Plasmon Resonance): A biosensor technique that measures changes in 

refractive index at the surface of a sensor chip caused by biomolecular interactions. 

25. Specificity: The ability of a sensor to selectively detect a target molecule or analyte while 

ignoring other molecules. 

26. Transducer: A device that converts one form of energy into another, such as a biosensor 

transducer that converts a biological signal into an electrical signal. 

27. Triboelectric material: A material that generates an electric charge when it comes into 

contact with another material through friction. 
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28. Ultrasound transducer: A device that generates and detects high-frequency sound waves 

used in medical imaging and diagnostic tests. 

29. User interface: The part of a biosensor that allows users to interact with the device, such as a 

touch screen or button interface. 

30. Validation: The process of testing and verifying the performance of a biosensor to ensure 

that it meets predetermined criteria or standards. 

31. VOC (Volatile Organic Compound): A chemical compound that has a high vapor pressure 

and low water solubility, which makes it easily released into the air. 

32. Zeta potential: A measure of the electrical charge on the surface of a particle or molecule in 

a liquid, which can affect its interaction with other molecules or particles. 
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