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Abstract 
Electric and gas cooking appliances are widely used in domestic, clinical, and industrial environments, yet both present distinct health risks. Open butane gas burners, common in many Nigerian households, produce visible flames, but often release toxic gases such as carbon monoxide (CO), nitrogen oxides (NOx), and unburned hydrocarbons due to incomplete combustion, posing immediate respiratory hazards. In contrast, electric cooking ovens operate with closed, unseen heat sources that provide precise temperature control and improved hygiene but emit Volatile Organic Compounds (VOCs), aldehydes, and low-level electromagnetic radiation from heating coils, control circuits, and fans. These emissions, although generally within regulatory limits, may accumulate over time and affect vulnerable populations such as patients, laboratory staff, children, and individuals with respiratory or neurological sensitivities. This comprehensive review examines the scientific basis and engineering strategies for developing a biomedical-grade cooking oven capable of neutralizing toxic gas emissions and attenuating electromagnetic fields. Advanced gas filtration methods, including catalytic converters and activated carbon adsorption, electromagnetic shielding materials, Faraday-cage architectures, and smart sensor-driven monitoring systems are synthesized as an integrated framework for next-generation ovens. The review also identifies future research directions, commercialization challenges, and gaps in current designs, aiming to guide the development of safe, health-conscious cooking appliances for both domestic and biomedical settings. This review critically examines conventional and next-generation cooking technologies, highlighting their chemical and electromagnetic health impacts while proposing integrated engineering strategies for the development of safer biomedical-grade cooking ovens.
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1. Introduction
Cooking appliances are essential in domestic, institutional, and clinical environments because they enable rapid heat generation, controlled temperature regulation, and improved energy utilization. In Nigeria, traditional open butane gas stoves remain widely used; however, their visible flame is often associated with incomplete fuel combustion, resulting in the direct release of hazardous by-products such as carbon monoxide (CO), nitrogen oxides (NOₓ), and unburned hydrocarbons into indoor spaces. These emissions significantly degrade indoor air quality and are strongly linked to respiratory irritation and long-term cardiopulmonary health risks, particularly in poorly ventilated settings (Abdul Raheem et al., 2022; Mortimer et al., 2012; Sani et al., 2025).
Conversely, electric cooking ovens employ enclosed heating mechanisms that eliminate open flames, thereby enhancing hygiene and enabling precise thermal control. This operational advantage has driven their increasing adoption in biomedical contexts, including hospital kitchens, research laboratories, and pharmaceutical processing units, where environmental cleanliness and temperature stability are critical (Odoi-Yorke, 2024). Nevertheless, electric ovens are not entirely devoid of health concerns. Elevated operating temperatures can induce thermal degradation of internal polymeric components, insulation layers, lubricants, and residual food matter, leading to the emission of Volatile Organic Compounds (VOCs), aldehydes, and other airborne contaminants (Kim et al., 2011; Kabir & Kim, 2011; Lee et al., 2022). In addition, the alternating electrical currents powering heating elements, electronic controls, and ventilation systems generate low-frequency electromagnetic fields, which are commonly perceived as low-level electromagnetic radiation (Habash, 2018; Kulkarni & Mahalle, 2025).
Although these chemical and electromagnetic emissions generally remain within established safety thresholds, evidence suggests that chronic exposure may contribute to cumulative biological effects, including oxidative stress, neurobehavioral alterations, and respiratory discomfort (Razek, 2023; Raveendran, 2022). Consequently, growing awareness of these risks has stimulated the advancement of biomedical-grade cooking ovens that integrate gas-neutralization technologies, electromagnetic shielding, and real-time environmental monitoring systems to safeguard both users and sensitive biomedical environments.
2. Toxic Gas Emissions from Electric Cooking Ovens
2.1 Sources of Toxic Gases
Toxic emissions associated with cooking appliances are strongly influenced by the type of energy source, appliance design, and prevailing regional cooking practices, all of which shape user exposure profiles. Across West Africa, open butane gas burners remain dominant in domestic kitchens and small-scale food vending settings. These appliances rely on visible open flames, and incomplete fuel combustion commonly results in the direct release of carbon monoxide (CO), nitrogen oxides (NOₓ), unburned hydrocarbons, and fine particulate matter into indoor environments. Such emissions are well documented to trigger acute respiratory irritation, headaches, and dizziness, while prolonged use in inadequately ventilated spaces can lead to severe oxygen deprivation and heightened cardiopulmonary risk (Abdul Raheem et al., 2022; Anozie et al., 2007; Mortimer et al., 2012; Sani et al., 2025).
In contrast, electric cooking ovens now increasingly adopted in urban households, hospitals, and biomedical facilities throughout West Africa operate using enclosed, flame-free heating systems that offer improved hygiene and precise temperature regulation. Despite these advantages, electric ovens are not entirely free from environmental or health concerns. Sustained high-temperature operation can induce thermal degradation and oxidative breakdown of internal components, including polymer-based insulation, wiring coatings, lubricants, adhesives, and residual food deposits. These processes generate airborne contaminants such as VOCs, aldehydes, and formaldehyde, which contribute to indoor air pollution and mucosal irritation (Kim et al., 2011; Kabir & Kim, 2011; Lee et al., 2022). 
Furthermore, the alternating electrical currents that drive heating elements, microcontrollers, switching circuits, and ventilation fans produce low-frequency, non-ionizing electromagnetic fields. Although these emissions typically fall below regulatory exposure limits, emerging evidence suggests that long-term exposure may be associated with oxidative stress, neurobehavioral effects, and other cumulative biological responses (Habash, 2018; Razek, 2023; Kulkarni & Mahalle, 2025). As electric ovens age, material fatigue and chemical instability further amplify both chemical off-gassing and electromagnetic leakage, transforming these appliances into persistent sources of indoor chemical and radiative exposure.
A comparative assessment of these two cooking modalities within West African contexts therefore reveals a clear trade-off, while open butane gas burners emit overt and immediately hazardous combustion products, electric ovens introduce more-subtle yet chronically significant risks. This duality underscores the urgent need for next-generation biomedical-grade cooking ovens that integrate gas-neutralization mechanisms, electromagnetic shielding, and intelligent monitoring systems to ensure safer indoor cooking environments.
Table 1: Toxic Gas Emissions from Open Butane Gas Burners and their health effects. 
	Source Process
	Combustion Mechanism
	Major Gases Released
	Trigger Condition
	Potential Health Effects
	Key References

	Incomplete combustion of butane (C₄H₁₀)
	Oxygen-deficient oxidation reaction
	Carbon monoxide (CO)
	Poor ventilation, low oxygen supply
	Hypoxia, dizziness, loss of consciousness, fatal poisoning
	Anozie et al. (2007); Abdul Raheem et al. (2022); Mortimer et al. (2012)

	High-temperature flame oxidation
	Thermal fixation of atmospheric nitrogen
	Nitrogen oxides (NO, NO₂; NOₓ)
	Prolonged high-flame operation
	Airway inflammation, asthma exacerbation, lung tissue damage
	Jarvis et al. (1998); Lin et al. (2013); Ng et al. (2001)

	Unburned hydrocarbon leakage
	Partial oxidation and fuel escape
	VOCs such as benzene and toluene
	Faulty burner heads, unstable flame
	Neurotoxicity, headaches, long-term carcinogenic risk
	Kim et al. (2011); Kabir & Kim (2011); See & Karthikeyan (2006)

	Fuel impurities and degraded gas quality
	Chemical decomposition of contaminants
	Aldehydes, sulfur-containing compounds
	Poor fuel purification, aged cylinders
	Eye irritation, mucosal damage, respiratory distress
	Bizzo et al. (2004); Naja et al. (2011)

	Flame–food interaction (charring)
	Pyrolysis of food oils and fats
	Acrolein, formaldehyde, PM₂.₅
	Grease dripping into flame
	Chronic cough, reduced lung function
	See & Balasubramanian (2006); Juntarawijit & Juntarawijit (2019); Bai et al. (2024)

	Burner corrosion and soot formation
	Inefficient fuel–air mixing
	Carbon soot, ultrafine particles
	Poor maintenance, blocked burner ports
	Cardiovascular stress, systemic inflammation
	Stabile et al. (2015); Sani et al. (2025)



2.1 Common Gases Detected
Cooking appliances generate a range of toxic gaseous emissions that depend on the energy source, combustion efficiency, and operating conditions. In West African countries such as Nigeria, Ghana, Senegal, and Côte d’Ivoire, open butane gas burners remain widely used and operate with visible flames, whereas electric cooking ovens rely on enclosed, flame-free heating mechanisms. Although both technologies contribute to indoor air pollution, they differ markedly in the nature, magnitude, and exposure pathways of emitted pollutants. The principal gaseous contaminants associated with these cooking systems are discussed in the subsections here.
2.1.1 Volatile Organic Compounds (VOCs)
The VOCs, including benzene, toluene, and styrene, are predominantly associated with electric cooking ovens as a result of thermal degradation and oxidative breakdown of internal polymeric materials, insulation layers, adhesives, and lubricants during prolonged high-temperature operation. Open butane gas burners also release VOCs, particularly when combustion is incomplete, a situation commonly observed in poorly ventilated kitchens. Exposure to VOCs is known to cause irritation of the eyes, nasal passages, and throat, while long-term exposure has been linked to chronic respiratory disorders and increased carcinogenic risk (Kabir & Kim, 2011; Kim et al., 2011; Bai et al., 2024).
2.1.2 Carbon Monoxide (CO)
The CO is a critical pollutant generated primarily through incomplete fuel combustion. In households across Nigeria, Ghana, and Senegal, open butane gas burners can emit substantial quantities of CO directly into indoor environments, posing immediate risks of hypoxia, cardiovascular strain, and, in extreme cases, fatal poisoning. Although electric cooking ovens do not involve direct fuel combustion, CO can still be released through the pyrolysis of food residues and the thermal degradation of lubricants and adhesive materials. These emissions are generally less perceptible but may accumulate over time, particularly under conditions of inadequate ventilation, increasing chronic exposure risks (AbdulRaheem et al., 2022; Mortimer et al., 2012; Logue et al., 2013).





2.1.3 Nitrogen Oxides (NOx)
The NOₓ are formed when atmospheric nitrogen and oxygen react at elevated temperatures. In open butane burners, the presence of a high-temperature visible flame facilitates NOₓ formation, especially during rapid or prolonged heating cycles. Electric ovens generate NOₓ primarily through the oxidation of internal components and the thermal decomposition of food residues. These gases are known to aggravate airway inflammation, reduce lung function, and exacerbate respiratory diseases such as asthma. Elevated indoor NOₓ concentrations have been reported in densely populated urban households in countries including Côte d’Ivoire and Senegal, where traditional gas cooking remains prevalent (Jarvis et al., 1998; Lin et al., 2013; Ng et al., 2001).
2.1.4 Aldehydes
Aldehydes, including formaldehyde and acrolein, are released from pyrolyzed fats, oils, and polymer materials. Electric ovens emit aldehydes due to thermal degradation of insulation and food residues, while open butane flames produce aldehydes when fuel combustion is incomplete or when food drippings contact the flame. Chronic inhalation of aldehydes irritates respiratory tissues and increases long-term cancer risk.
2.1.5 Particulate Matter (PM₂.₅ / PM₁₀)
Aldehydes, notably formaldehyde and acrolein, are released during the thermal breakdown of fats, oils, and polymer-based materials. In electric cooking ovens, aldehyde emissions arise mainly from the degradation of insulation materials and accumulated food residues under high-temperature conditions. Open butane burners also emit aldehydes when fuel combustion is incomplete or when food drippings come into direct contact with the flame. Prolonged inhalation of aldehydes is associated with mucosal irritation, respiratory inflammation, and an elevated long-term risk of carcinogenesis (Stabile et al., 2015; See & Balasubramanian, 2006; Lee et al., 2022).
Electric cooking ovens emit a complex mixture of VOCs, CO, NOₓ, aldehydes, and fine particulate matter due to thermal degradation of internal polymers and food residues. These pollutants degrade indoor air quality and may cause respiratory irritation and long-term health effects under sustained exposure (Kim et al., 2011; Kabir & Kim, 2011; Lee et al., 2022).

Table 2: Common gases emitted from cooking appliances in West Africa, contrasting open butane burners and electric ovens.
	Pollutant
	Sources (Open Butane Burners – Nigeria, Ghana, Senegal, Côte d’Ivoire)
	Sources (Electric Ovens)
	Typical Emission / Exposure Context
	Health Effects and Risk Interpretation
	Key Supporting References

	Volatile Organic Compounds (VOCs)
	Incomplete combustion and unburned fuel leakage in traditional gas stoves
	Thermal degradation of insulation, sealants, lubricants, and food residues
	High in poorly ventilated households using gas; moderate but persistent in electric cooking systems
	Mucosal irritation, headaches, respiratory symptoms, long-term carcinogenic potential
	Aberilla et al. (2020); Roche et al. (2024); Odoi-Yorke (2024)

	Carbon Monoxide (CO)
	Direct emission from oxygen-deficient combustion in open flames
	Minor release from pyrolysis of food residues and degraded lubricants
	Very high near open flames; low to moderate but cumulative in enclosed electric cooking environments
	Impaired oxygen transport, fatigue, hypoxia, cardiovascular stress
	Cen et al. (2021); Cen et al. (2024); Roche et al. (2024)

	Nitrogen Oxides (NOₓ)
	High-temperature flame reactions involving atmospheric nitrogen
	Oxidation of internal components and heated residues
	Elevated during intense gas flame use; lower but detectable in electric ovens
	Airway inflammation, asthma exacerbation, reduced lung function
	Liu & Chow (2017); Aberilla et al. (2020)

	Aldehydes (formaldehyde, acrolein)
	Flame contact with food drippings and degraded fuel constituents
	Pyrolysis of fats, oils, and polymer materials
	Moderate to high for both systems; accumulation notable in enclosed electric ovens
	Eye, nose, and throat irritation, coughing, long-term cancer risk
	Juntarawijit & Juntarawijit (2019); Naja et al. (2011)

	Particulate Matter (PM₂.₅ / PM₁₀)
	Smoke, soot, and char from visible flames and poor burner maintenance
	Charring of food residues and degraded polymer particles
	High peak exposure in gas cooking; lower but persistent in electric ovens
	Oxidative stress, cardiovascular strain, chronic respiratory disease
	See & Karthikeyan (2006); Stabile et al. (2015)

	Electromagnetic fields (non-ionizing)
	Not applicable
	Emissions from heating elements, power electronics, and control circuits
	Continuous low-level exposure in electric cooking environments
	Neurological stress responses, potential interference with sensitive equipment
	Sadhu et al. (2010); Mishra et al. (2024); Zhang et al. (2024); Bianchi (2018)



Table 1 outlines toxic emission profiles of open butane gas burners and electric cooking ovens used in West African households and institutions (Abdul Raheem et al., 2022; Anozie et al., 2007). Open butane burners, prevalent in Nigeria, Ghana, Senegal, and Côte d’Ivoire, release high levels of CO, NOₓ, particulate matter, and VOCs, causing acute respiratory and cardiovascular risks in poorly ventilated kitchens (Mortimer et al., 2012; Sani et al., 2025). Electric ovens emit persistent VOCs, aldehydes, fine particulates, and low-frequency electromagnetic fields due to thermal degradation and electrical operation, leading to cumulative biological effects over prolonged exposure (Kim et al., 2011; Habash, 2018; Razek, 2023).
2.2 Thermal Degradation of Plastic Insulation and Sealants
   Electric ovens incorporate polymeric insulation and silicone sealants that undergo thermal degradation during repeated heating cycles, releasing VOCs such as benzene, toluene, styrene, and formaldehyde. Although these emissions are not visually apparent, they can persist in indoor air during prolonged operation. In contrast, VOC release from open butane burners mainly arises from incomplete fuel combustion, with only occasional polymer degradation. In biomedical settings, sustained off-gassing from electric ovens presents a chronic exposure risk to vulnerable occupants (Kim et al., 2011; Kabir & Kim, 2011; Lee et al., 2022). 
2.3 Oxidation of Lubricants and Adhesives in Heating Elements
Lubricants and adhesives used in electric oven fan motors, hinges, and heating assemblies oxidize under repeated high-temperature exposure, releasing aldehydes, ketones, and trace carbon monoxide (Kim et al., 2011; Kabir & Kim, 2011). Unlike open butane burners, where emissions arise mainly from fuel combustion, electric oven emissions are continuous and can accumulate in poorly ventilated biomedical environments, increasing chronic exposure risks (AbdulRaheem et al., 2022; Odoi-Yorke, 2024). 
2.4 Pyrolysis of Food Residues on Heating Coils
Accumulated food residues and oils on electric oven heating components undergo pyrolysis during operation, generating acrolein, Polycyclic Aromatic Hydrocarbons (PAHs), and fine particulate matter (Bai et al., 2024; Stabile et al., 2015). Unlike open butane burners, where flame contact causes immediate smoke release, electric ovens retain and gradually emit these by-products, creating a persistent source of low-level chemical exposure (Kim et al., 2011; See & Balasubramanian, 2006).
2.5 Release of Flame-Retardant Compounds Embedded in Internal Components
Many electric oven components contain flame-retardant polymers, including brominated and phosphorus-based additives, which can migrate or degrade under prolonged heating, releasing halogenated VOCs and trace dioxin-like compounds (Kim et al., 2011; Lee et al., 2022). Such emissions are minimal in open butane burners, highlighting concealed chemical risks of enclosed electric systems in biomedical environments (AL-Oqla et al., 2022).
2.6 Health Implications
Exposure to toxic gases emitted from electric cooking ovens represents a growing public health concern, particularly in enclosed indoor environments. VOCs, including benzene, toluene, styrene, and formaldehyde, are well recognized for their ability to irritate mucosal membranes and induce symptoms such as headaches, dizziness, nausea, and exacerbation of pre-existing respiratory disorders, including asthma (Kim et al., 2011; Kabir & Kim, 2011; Lee et al., 2022). Sustained or repeated exposure to these compounds has been linked to elevated oxidative stress, endocrine disruption, and an increased risk of carcinogenesis (Bai et al., 2024; Razek, 2023). Aldehydes such as acrolein and formaldehyde are particularly reactive, causing epithelial damage to the eyes, nasal passages, and pulmonary tissues, thereby intensifying respiratory inflammation and discomfort (Stabile et al., 2015; See & Balasubramanian, 2006).
In addition, NOₓ and CO released during oven operation interfere with oxygen transport and cellular respiration (Gioda, de Menezes Correia da Silva, & Huamán De La Cruz, 2025).  Carbon monoxide exhibits a strong affinity for hemoglobin, significantly reducing blood oxygen-carrying capacity and leading to systemic hypoxia, fatigue, and cardiovascular stress, while NOₓ contributes to airway inflammation and diminished lung function (Ng et al., 2001; Mortimer et al., 2012; Lin et al., 2013). In biomedical and clinical settings, even low-level accumulation of these gases can compromise indoor air quality, disrupt sensitive laboratory processes, and pose serious health risks to immunocompromised patients and healthcare personnel, underscoring the urgent need for emission-controlled and biomedical-grade cooking technologies (Habash, 2018; Odoi-Yorke, 2024).



Table 3: Health implications of toxic emissions from electric cooking ovens.
	Pollutant
	Primary Sources
	Immediate Health Effects
	Potential Long-Term Outcomes
	Vulnerable Populations
	Key References

	Volatile Organic Compounds (VOCs)
	Thermal degradation of plastics, sealants, and adhesive materials
	Headaches, dizziness, mucosal irritation, asthma exacerbation
	Carcinogenicity, endocrine disruption, chronic respiratory disease
	Children, elderly individuals, asthmatics, laboratory staff
	Aberilla et al. (2020); Roche et al. (2024); Odoi-Yorke (2024)

	Aldehydes (formaldehyde, acrolein)
	Pyrolysis of fats, oils, and polymeric components
	Eye, nasal, and throat irritation, coughing
	Epithelial tissue damage and increased cancer risk
	Hospital patients, immunocompromised individuals
	Juntarawijit & Juntarawijit (2019); Naja et al. (2011)

	Carbon Monoxide (CO)
	Incomplete oxidation of food residues and degraded lubricants
	Fatigue, nausea, reduced oxygen delivery
	Cardiovascular stress and neurological impairment
	Cardiac patients, pregnant women
	Cen et al. (2021); Cen et al. (2024)

	Nitrogen Oxides (NOₓ)
	High-temperature reactions of air constituents within oven chambers
	Airway inflammation and reduced lung function
	Chronic obstructive pulmonary disease progression
	Asthmatics, children, elderly
	Liu & Chow (2017); Aberilla et al. (2020)

	Particulate Matter (PM₂.₅ / PM₁₀)
	Charring and thermal decomposition of food residues
	Lung irritation and oxidative stress
	Cardiovascular disease and lung cancer
	Individuals with respiratory disorders
	See & Karthikeyan (2006); Stabile et al. (2015)

	Electromagnetic Fields (non-ionizing)
	Heating elements, power electronics, and control circuitry
	Neurological stress responses, sleep disturbance
	Potential long-term neurophysiological effects
	Biomedical staff, patients, sensitive individuals
	Sadhu et al. (2010); Mishra et al. (2024); Zhang et al. (2024); Bianchi (2018)



Table 3 summarizes health risks from toxic emissions of electric cooking ovens, linking pollutants to physiological effects and vulnerable groups. Volatile organic compounds and aldehydes cause mucosal and respiratory irritation with carcinogenic potential, while carbon monoxide and nitrogen oxides impair oxygen transport and lung function, disproportionately affecting children, the elderly, asthmatics, cardiac, and immunocompromised patients (Gioda, de Menezes Correia da Silva, & Huamán De La Cruz, 2025).
3. Electromagnetic Radiation in Electric Ovens
Electric cooking ovens emit low-level electromagnetic radiation due to alternating current flow through heating elements, power supplies, control circuits, fan motors, and relay systems. These components generate time-varying electromagnetic fields within the Extremely Low Frequency (ELF) and radiofrequency ranges, which may escape through ventilation ports and insufficiently shielded casings (Habash, 2018; Raveendran, 2022). Although non-ionizing, prolonged close-range exposure has been associated with sleep disruption, neurological stress responses, and altered cellular signaling, particularly among sensitive individuals (Razek, 2023; Kulkarni & Mahalle, 2025). In biomedical and clinical environments, cumulative exposure and potential interference with sensitive medical equipment reinforce the need for radiation-attenuated oven designs.

1. Alternating current heating elements
Electric oven heating elements operate using Alternating Current (AC), which continuously changes direction and generates time-varying magnetic and electric fields. As large currents flow through these resistive coils to produce heat, they become significant sources of extremely low-frequency electromagnetic fields that can radiate beyond the oven chamber, especially in poorly shielded design (Colombi et al., 2022). 
2. Switching power supplies
Modern electric ovens rely on high-frequency switching power supplies to regulate voltage and current for digital displays, control modules, and temperature regulation circuits. These power units generate electromagnetic interference across a wide frequency spectrum due to rapid on–off switching of semiconductor components, leading to unintended radiation leakage into the surrounding environment.
3. Control circuit boards
The control boards of electric ovens contain microcontrollers, oscillators, and digital communication pathways that operate at radiofrequency ranges. These components emit electromagnetic radiation during signal processing and data transmission, which can escape through ventilation slots and plastic housings that lack proper electromagnetic shielding.
4. Fan motors and relays
Fan motors used for air circulation and cooling, as well as electromagnetic relays responsible for switching heating elements, are additional contributors to electromagnetic radiation. Their inductive loads generate transient voltage spikes and fluctuating magnetic fields during operation, further increasing the cumulative electromagnetic emission profile of the oven.
In summary, Table 4 shows that while emissions from electric ovens are non-ionizing, they span from extremely low frequencies to radiofrequency bands, and cumulative exposure especially in enclosed biomedical environments necessitates the integration of shielding and emission-control mechanisms in advanced oven designs.
Table 4: Major electromagnetic radiation sources in electric ovens, their typical frequency ranges, and indicative human exposure limits based on international non-ionizing radiation guidelines.
	Source Component
	Type of Radiation Emitted
	Typical Frequency Range
	Nature of Emission
	Reference Occupational / Public Exposure Limit
	Key References

	Alternating current heating elements
	Extremely Low Frequency (ELF) magnetic and electric fields
	50–60 Hz
	Strong time-varying magnetic fields from high current flow
	Public exposure limit ≈ 100 µT (magnetic field); occupational ≈ 500 µT
	Sadhu et al. (2010); Bianchi (2018)

	Switching power supplies
	Low-frequency to radiofrequency electromagnetic interference (EMI)
	20 kHz – 1 MHz (sometimes higher harmonics up to MHz range)
	High-frequency switching transients and broadband noise
	General public RF reference level ≈ 28 V/m (electric field strength)
	Mishra et al. (2024); Zhang et al. (2024)

	Control circuit boards (microcontrollers, clocks)
	Radiofrequency (RF) radiation
	1 MHz – 300 MHz
	Digital clock oscillations and signal processing leakage
	Public exposure limit ≈ 2–28 V/m depending on frequency
	Bianchi (2018); Zhang et al. (2024)

	Fan motors and relays
	ELF and low-frequency EM fields
	50 Hz – 1 kHz
	Inductive switching fields and transient spikes
	Public exposure limit ≈ 100 µT (magnetic field)
	Sadhu et al. (2010); Mishra et al. (2024)


Though non-ionizing, chronic EMF exposure is associated with sleep disturbances, altered neurotransmitter function, and potential DNA damage.
4. Health Implications of Toxic and Radiative Emissions
Open butane burners emit CO, NOx, aldehydes, and particulate matter, causing acute respiratory and cardiovascular effects in poorly ventilated West African kitchens (Mortimer et al., 2012; AbdulRaheem et al., 2022). Electric ovens release VOCs, aldehydes, particulates, and low-level electromagnetic radiation, whose cumulative exposure may induce oxidative stress and neurobehavioral effects, posing hidden risks in biomedical settings (Kim et al., 2011; Habash, 2018; Razek, 2023).

Table 5: Reduction Efficiency of Mitigation Technologies and International Exposure Limits for Butane Gas Emissions
	Pollutant
	Primary Source (Butane Gas Burner)
	Mitigation Technology
	Typical Reduction Efficiency (%)
	International Exposure Limit (WHO / ICNIRP / OSHA)

	Carbon Monoxide (CO)
	Incomplete combustion of butane
	Catalytic converter + ventilation hood
	80–95%
	9 ppm (8-h average, WHO); 25 ppm (1-h)

	Nitrogen Oxides (NOx)
	High-temperature flame oxidation
	Improved burner design + catalytic oxidation
	60–85%
	200 µg/m³ (1-h NO₂, WHO)

	Volatile Organic Compounds (VOCs)
	Unburned hydrocarbons, fuel impurities
	Activated carbon filtration
	60–80%
	Benzene: no safe level (WHO guideline)

	Aldehydes (Formaldehyde, Acrolein)
	Flame–food interaction, fuel degradation
	Activated carbon + catalytic oxidation
	70–90%
	Formaldehyde: 0.1 mg/m³ (30-min, WHO)

	Particulate Matter (PM₂.₅)
	Soot and charred food residues
	Mechanical ventilation + grease filters
	50–75%
	15 µg/m³ (24-h mean, WHO)

	Unburned Hydrocarbons
	Faulty burners, poor mixing
	Proper fuel–air ratio + catalytic burner
	65–90%
	Regulated as total VOCs (varies by compound)



4.1 Vulnerable Populations
Certain groups are particularly susceptible to the adverse effects of cooking emissions:
· Children and infants: Developing lungs and nervous systems are highly sensitive to VOCs, CO, NOx, and particulate matter.
· Elderly individuals: Reduced respiratory and cardiovascular resilience makes them more vulnerable to both chemical and radiative exposures.
· Patients in hospitals or laboratories: Immunocompromised individuals and those undergoing respiratory or neurological treatments can be affected by even low-level emissions.
· Culinary and laboratory staff: Continuous exposure to cooking fumes or low-level EMFs increases long-term health risks.
Table 4 indicates that open butane burners emit acute pollutants such as carbon monoxide, nitrogen oxides, volatile organic compounds, and particulate matter that are associated with immediate respiratory and cardiovascular risks (AbdulRaheem et al., 2022; Mortimer et al., 2012). Electric ovens release persistent volatile organic compounds, aldehydes, particulate matter, and low level electromagnetic fields from electrical components, posing chronic exposure risks and supporting the need for biomedical grade filtration and radiation shielding (Kim et al., 2011; Kabir & Kim, 2011; Habash, 2018).
Table 6: Health implications of toxic and radiative emissions from both open butane burners and electric ovens
	Emission Type
	Source (Open Butane Burners)
	Source (Electric Ovens)
	Health Effects
	Vulnerable Populations
	Key References

	Volatile Organic Compounds (VOCs)
	Incomplete combustion of butane fuel
	Thermal degradation of insulation, adhesives, lubricants, food residues
	Eye, nose, throat irritation; headaches; respiratory diseases; carcinogenic potential
	Children, elderly, patients, laboratory staff
	Aberilla et al. (2020); Roche et al. (2024); Odoi-Yorke (2024)

	Carbon Monoxide (CO)
	Direct emission from incomplete fuel combustion
	Pyrolysis of food residues and degraded lubricants/adhesives
	Hypoxia; cardiovascular stress; fatigue; dizziness
	Children, elderly, cardiac patients, immunocompromised patients
	Cen et al. (2021); Cen et al. (2024)

	Nitrogen Oxides (NOₓ)
	High-temperature reaction of nitrogen and oxygen in visible flame
	Oxidation of internal materials and pyrolysis of food residues
	Airway inflammation; reduced lung function; respiratory irritation
	Asthmatics, elderly, children, patients
	Liu & Chow (2017); Aberilla et al. (2020)

	Aldehydes (Formaldehyde, Acrolein)
	Flame contact with food drippings; incomplete combustion
	Thermal degradation of polymers; pyrolysis of fats/oils
	Eye, nose, throat irritation; coughing; long-term cancer risk
	Children, laboratory staff, immunocompromised patients
	Juntarawijit & Juntarawijit (2019); Naja et al. (2011)

	Particulate Matter (PM₂.₅ / PM₁₀)
	Soot, smoke, charred fuel and food residues
	Charring of food residues; degraded polymer particles
	Respiratory irritation; oxidative stress; cardiovascular risk
	Children, elderly, patients with respiratory disorders
	See & Karthikeyan (2006); Stabile et al. (2015)

	Electromagnetic Fields (EMFs)
	None
	Heating coils, control circuits, switching circuits, fan motors
	Potential oxidative stress; neurobehavioral changes; interference with sensitive devices
	Laboratory staff, hospital staff, immunocompromised patients
	Sadhu et al. (2010); Mishra et al. (2024); Zhang et al. (2024); Bianchi (2018)



This population-based risk assessment underscores the critical importance of designing biomedical cooking ovens with gas-neutralization systems, electromagnetic shielding, and real-time monitoring, particularly in clinical and institutional contexts.
5. Gas Filtration and Neutralization Technologies
According to AbdulRaheem et al. (2022) and Anozie et al. (2007), open butane burners emit CO, NOx, aldehydes, and VOCs mainly due to incomplete combustion. By comparison, Kim et al. (2011) and Kabir and Kim (2011) report that electric ovens release volatile organic compounds, aldehydes, and particulate matter through thermal degradation of internal materials and pyrolysis of food residues, supporting the use of advanced gas filtration and neutralization systems.
5.1 Catalytic Converters
According to Bizzo et al. (2004), catalytic converters effectively oxidize toxic gases such as CO and VOCs into less harmful products, including carbon dioxide and water vapor. Kim et al. (2011) further indicate that integrating catalytic elements within electric oven exhaust or internal airflow pathways can neutralize emissions arising from polymer degradation, lubricants, and food pyrolysis before release into indoor air. For open butane burners, Anozie et al. (2007) and AbdulRaheem et al. (2022) report that catalytic systems incorporated into kitchen hoods or positioned above the flame improve combustion efficiency, thereby reducing carbon monoxide and nitrogen oxide emissions.
5.2 Activated Carbon Adsorption
Activated carbon filtration effectively adsorbs VOCs, aldehydes, and related organic gases emitted from cooking appliances. In electric ovens, directing internal airflow through carbon-based filter modules enables capture of off-gassed compounds originating from degraded polymers and food residues (Kim et al., 2011; Kabir & Kim, 2011). In open butane burner systems, kitchen exhausts fitted with activated carbon layers can retain unburned hydrocarbons and aldehydes, thereby improving indoor air quality (See & Balasubramanian, 2006; Abdul Raheem et al., 2022).

5.3 Ventilation and Airflow Management
Proper ventilation is essential for exposure control. Electric ovens require guided airflow through filtration units, while open flame burners depend on effective hoods or chimneys. Combined mechanical ventilation and filters optimize pollutant removal (AbdulRaheem et al., 2022; Kim et al., 2011).
5.4 Radiation Attenuation
Electromagnetic emissions from electric cooking ovens can be mitigated using shielding strategies such as conductive metal enclosures, Faraday cage configurations, and bismuth or ceramic composite layers that attenuate low-level electromagnetic fields (Habash, 2018; Kulkarni & Mahalle, 2025). Since open gas burners do not generate electromagnetic fields, these mitigation approaches are specifically relevant to electric ovens used in biomedical and high-occupancy indoor environments (Raveendran, 2022). 
5.5 Smart Monitoring Systems  
Embedded sensors can provide real-time monitoring of gas concentrations and EMF levels. Automated alerts, ventilation activation, or system shutdowns can protect users from prolonged exposure, particularly in hospitals, laboratories, and classrooms. By integrating catalytic converters, activated carbon filters, radiation shielding, ventilation systems, and smart sensors, both chemical and radiative hazards from cooking appliances can be effectively minimized, creating safer environments for households and biomedical facilities.
 Table 7: Biomedical technologies as solution for chemical and radiative hazards from open butane burners and electric ovens
	Hazard Type
	Source Appliance
	Mitigation Technology
	Target Emissions / Effects
	Expected Efficiency
	Key References

	Toxic Gases (CO, NOₓ, VOCs, Aldehydes)
	Open Butane Burners
	Catalytic converters
	CO, NOₓ, VOCs, aldehydes
	Up to 80–90% reduction
	Bizzo et al. (2004); Anozie et al. (2007); Roche et al. (2024)

	
	Electric Ovens
	Catalytic converters
	VOCs, CO, aldehydes from polymer degradation and pyrolysis
	70–90% reduction
	Kim et al. (2011); Kabir & Kim (2011); Odoi-Yorke (2024)

	Volatile Organic Compounds (VOCs) & Aldehydes
	Open Butane Burners
	Activated carbon adsorption filters
	Unburned hydrocarbons, aldehydes
	60–80% reduction
	See & Balasubramanian (2006); Juntarawijit & Juntarawijit (2019)

	
	Electric Ovens
	Activated carbon adsorption filters
	VOCs and aldehydes from insulation and food residues
	60–85% reduction
	Aberilla et al. (2020); Roche et al. (2024)

	Particulate Matter (PM₂.₅ / PM₁₀)
	Open Butane Burners
	Mechanical ventilation & hoods
	Soot, smoke, charred fuel particles
	50–75% removal
	See & Karthikeyan (2006); Stabile et al. (2015)

	
	Electric Ovens
	Internal airflow + filtration
	Charred food residues, degraded polymer particles
	50–70% removal
	Odoi-Yorke (2024); Aberilla et al. (2020)

	Electromagnetic Fields (ELF / Low-Level EMF)
	Electric Ovens
	Shielding (Faraday cage, conductive coatings, bismuth/ceramic layers)
	Leakage from heating coils, control circuits, fans
	70–95% attenuation
	Sadhu et al. (2010); Mishra et al. (2024); Zhang et al. (2024); Bianchi (2018)

	Prolonged Exposure / Accumulation
	Both Appliances
	Smart monitoring systems (gas + EMF sensors, automated alerts)
	Early detection and automatic mitigation
	Continuous real-time protection
	Cen et al. (2021); Cen et al. (2024); Roche et al. (2024)



Table 5 demonstrates that combining catalytic converters, activated carbon filtration, mechanical ventilation, electromagnetic shielding, and smart monitoring systems effectively reduces chemical and radiative hazards from cooking appliances. Open butane burners mainly benefit from enhanced combustion efficiency and gas filtration, while electric ovens additionally require electromagnetic field attenuation and continuous sensor based monitoring. Together, these integrated measures lower toxic gas emissions, particulate matter, and low level electromagnetic exposure, improving indoor safety in households, laboratories, and biomedical facilities (Bizzo et al., 2004; AbdulRaheem et al., 2022; Kim et al., 2011; Habash, 2018; Odoi-Yorke, 2024). 
6. Biomedical Engineering Design Philosophy
The design of a biomedical-grade cooking oven integrates principles that prioritize safety, hygiene, and environmental compatibility beyond conventional appliances. Four key principles guide this design:
6.1 Biocompatibility
All materials in contact with air, food, or internal surfaces must be non-toxic, chemically stable, and heat-resistant. Medical-grade stainless steel, ceramics, and silicone-based insulation are preferred to prevent secondary contamination from polymer degradation or adhesive breakdown.
6.2 Emission Control
Advanced gas-neutralization systems, including catalytic converters, activated carbon filters, and optimized airflow pathways, ensure that toxic gases and particulate matter are captured or neutralized before reaching the user. This is essential in both domestic and biomedical environments, where air quality directly impacts health and sterile conditions.
6.3 Radiation Attenuation
Electromagnetic shielding is incorporated into the oven structure using conductive coatings, Faraday-cage designs, or bismuth/ceramic composites. This prevents leakage of low-level EMFs from heating elements, control circuits, and fan motors, protecting both users and sensitive biomedical equipment.
6.4 Smart Monitoring
Embedded sensors continuously detect gas concentrations, particulate matter, and EMF levels. Automated control systems provide real-time alerts, activate ventilation or filtration, or safely shut down the oven if thresholds are exceeded, ensuring proactive safety management.
By integrating these principles, biomedical-grade ovens address the hidden chemical and radiative hazards present in electric ovens, while maintaining the precision, hygiene, and energy efficiency advantages over open butane flames.
7. Future Directions and Research Gaps
The World Health Organization (WHO, 2024) identified priority bacterial pathogens of major public health concern to guide global research and intervention strategies. The development of biomedical-grade cooking ovens remains an emerging research area with substantial potential for technological advancement. Future innovations may include the use of advanced nanomaterials for thermal insulation and electromagnetic shielding to further suppress toxic emissions and electromagnetic leakage, alongside smart catalytic surfaces capable of self-regeneration to sustain long-term gas neutralization performance (AL-Oqla et al., 2022; Bizzo et al., 2004). In addition, integrating Internet of Things–based connectivity could facilitate remote monitoring of indoor air quality and electromagnetic field exposure, enabling predictive maintenance and real-time hazard control in both domestic and biomedical environments (Odoi-Yorke, 2024). 
Despite these prospects, significant research gaps persist. Quantitative data on cumulative low-level electromagnetic exposure from electric ovens in homes and biomedical facilities remain limited, particularly in regions such as West Africa where gas and electric cooking technologies coexist (Habash, 2018; Kulkarni & Mahalle, 2025). Moreover, comparative evaluations of combined gas filtration and electromagnetic attenuation systems are scarce, as are long-term epidemiological studies assessing chronic exposure risks among vulnerable populations including hospital patients, children, and laboratory personnel (Mortimer et al., 2012; Sani et al., 2025). Addressing technical, economic, and adoption barriers will be critical to advancing next-generation biomedical cooking ovens that are safe, energy efficient, hygienic, and suitable for widespread use (Roche et al., 2024).
8. Conclusion
Cooking appliances, whether open butane burners or electric ovens, pose significant but distinct health risks. Open flames, common across West African countries such as Nigeria, Ghana, Senegal, and Côte d’Ivoire, produce visible toxic gases including CO, NOx, VOCs, aldehydes, and particulate matter that can cause acute respiratory and cardiovascular effects, particularly in poorly ventilated environments. Electric ovens, while offering closed, precise heating and improved hygiene, emit subtler but persistent chemical pollutants from thermal degradation and pyrolysis of internal materials, as well as low-level electromagnetic radiation from heating elements, control circuits, and fan motors. Both types of appliances therefore present hazards to vulnerable populations, including children, the elderly, hospital patients, and laboratory personnel.

The development of biomedical-grade cooking ovens addresses these challenges by integrating multiple safety strategies: catalytic converters and activated carbon filters to neutralize toxic gases, mechanical ventilation to remove particulate matter, electromagnetic shielding to attenuate EMFs, and smart sensor-driven monitoring for real-time hazard mitigation. Comparative analysis underscores that while open butane burners pose immediate, visible chemical risks, electric ovens present hidden but chronic chemical and radiative hazards, emphasizing the need for comprehensive mitigation strategies. Future research should focus on advanced materials, IoT-enabled monitoring, and long-term exposure studies to optimize safety and functionality. The adoption of biomedical-grade cooking ovens represents a critical advancement in creating safe, energy-efficient, and health-conscious cooking environments for households, laboratories, and biomedical facilities.
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