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Abstract
Indoor air pollution resulting from biomass fuel use remains a major environmental health challenge in rural communities across developing countries, including Nigeria. Continued reliance on firewood, charcoal, crop residues, and animal dung exposes households to harmful pollutants that contribute to respiratory illnesses, particularly among women and children. This study assessed indoor air pollution from biomass fuel use and respiratory health among rural households in Toro Local Government Area, Bauchi State, Nigeria. A quantitative descriptive cross-sectional research design was adopted. A sample of 422 respondents was selected using a multistage sampling technique. Primary data were collected through structured interviewer-administered questionnaires and observational checklists, supplemented by secondary data from relevant literature, government publications, and international reports. Data were analyzed using descriptive statistics, chi-square tests, and binary logistic regression at a 5% significance level. Results indicated that firewood was the primary cooking fuel, with most households cooking in poorly ventilated spaces. Commonly reported symptoms included persistent cough, eye irritation, wheezing, headaches, and shortness of breath. Statistical analysis revealed significant associations between biomass fuel reliance, inadequate ventilation, prolonged cooking duration, and respiratory symptoms. Firewood-dependent households were significantly more likely to report respiratory issues than those using cleaner fuels. The study concludes that reducing reliance on traditional biomass, improving household ventilation, promoting clean cooking technologies, and strengthening environmental health education can mitigate indoor pollution and enhance respiratory health. These findings provide a strategic foundation for policymakers to design interventions for safer household energy use.
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Introduction

Indoor air pollution (IAP) is one of the leading environmental health challenges worldwide, particularly in low- and middle-income countries where biomass fuels remain the primary source of household energy (Dhital et al., 2022); (Yadav et al., 2024). Indoor air pollution refers to the contamination of indoor air by harmful physical, chemical, and biological pollutants generated from household activities such as cooking, heating, lighting, smoking, and the use of household chemicals (Ndlovu et al., 2025); (Downward et al., 2018). Among these sources, the combustion of biomass fuels including firewood, charcoal, agricultural residues, animal dung, and crop wastes is recognized as one of the greatest contributors to indoor air pollution. Globally, approximately 2.3 billion people continue to rely on biomass fuels for cooking and heating (Kotzias, 2022); (Santijitpakdee et al., 2025). The incomplete combustion of these fuels produces a wide range of harmful pollutants, including particulate matter (PM₂.₅ and PM₁₀), carbon monoxide (CO), nitrogen dioxide (NO₂), sulfur dioxide (SO₂), volatile organic compounds (VOCs), benzene, formaldehyde, and polycyclic aromatic hydrocarbons (PAHs). These pollutants accumulate within poorly ventilated homes, exposing household members to concentrations of air contaminants far exceeding internationally recommended limits (Roy Choudhury et al., 2025); (Lovrić et al., 2024).
The World Health Organization (WHO) estimates that household air pollution contributes to approximately 3.2 million premature deaths annually, with women and children bearing the greatest burden because they spend longer periods indoors, particularly during cooking activities (Shilenje et al., 2022); (Desye et al., 2025). Exposure to indoor air pollution has been associated with several adverse health outcomes, including acute respiratory infections, chronic obstructive pulmonary disease (COPD), asthma, lung cancer, cardiovascular diseases, cataracts, low birth weight, adverse pregnancy outcomes, and premature mortality (Kingham et al., 2000); (Chen et al., 2026). In developing countries such as Nigeria, biomass fuels remain the dominant source of domestic energy, particularly in rural communities where access to electricity and cleaner cooking fuels such as liquefied petroleum gas (LPG) is limited or unaffordable (Dhital et al., 2022); . According to the National Bureau of Statistics (NBS), a substantial proportion of rural Nigerian households rely primarily on firewood for cooking. The dependence on biomass fuels is influenced by poverty, cultural cooking practices, inadequate infrastructure, low awareness of health risks, and the high cost of cleaner energy alternatives. Bauchi State is among the states in northern Nigeria where biomass fuel use is widespread. In rural communities within Toro Local Government Area, households commonly use firewood, charcoal, and agricultural residues for cooking because these fuels are readily available and inexpensive. Traditional cooking methods often involve three-stone fires or inefficient stoves used inside enclosed kitchens or poorly ventilated rooms (Rebryk et al., 2024); (Gitau et al., 2025). Such practices significantly increase indoor concentrations of smoke and toxic pollutants, thereby exposing family members to continuous inhalation of hazardous emissions (Mukhopadhyay et al., 2012).
Women and young children are especially vulnerable to indoor air pollution because they are primarily responsible for cooking and household chores. Children are often carried on their mothers' backs during cooking, increasing their exposure to smoke at critical stages of lung development. Continuous exposure may result in persistent coughing, wheezing, eye irritation, headaches, breathing difficulties, pneumonia, chronic respiratory diseases, and reduced lung function. Beyond its health impacts, indoor air pollution also contributes to environmental degradation. Unsustainable harvesting of firewood accelerates deforestation, biodiversity loss, soil erosion, and greenhouse gas emissions, thereby exacerbating climate change. Consequently, reducing dependence on biomass fuels not only improves public health but also promotes environmental sustainability. Despite increased global awareness of household air pollution, many rural communities in Nigeria continue to rely heavily on biomass fuels with limited knowledge of the associated health risks. There is inadequate local evidence regarding the magnitude of indoor air pollution exposure and its relationship with respiratory illnesses among rural households in Toro Local Government Area (Oluwole et al., 2024). 
This study therefore seeks to assess indoor air pollution resulting from biomass fuel use and examine its effects on the respiratory health of rural households in Toro Local Government Area, Bauchi State. Indoor air pollution remains one of the most neglected environmental health problems in Nigeria despite its significant contribution to disease burden and premature mortality.  Although several interventions have been introduced to encourage the adoption of cleaner cooking fuels, the majority of rural households continue to depend on biomass fuels such as firewood and charcoal because of poverty, limited access to modern energy (Balume et al., 2025); (Lartey et al., 2025), and traditional cooking practices. In Toro Local Government Area, cooking with firewood is common among rural households (Syafnan et al., 2025); (Alalaq, 2026). Most kitchens are poorly ventilated, allowing smoke to accumulate during cooking. Continuous exposure to smoke from biomass combustion increases the concentration of harmful pollutants such as carbon monoxide and fine particulate matter inside homes. Household members, particularly women, children, and the elderly, inhale these pollutants daily. Many residents frequently experience symptoms including persistent cough, difficulty breathing, chest pain, eye irritation, wheezing, headaches, and recurrent respiratory infections (Setia, 2016); (Tereka et al., 2025). 
However, these symptoms are often attributed to seasonal changes or infectious diseases rather than exposure to indoor smoke. Consequently, little attention is given to preventive measures such as improving ventilation or adopting cleaner fuels. Furthermore, there is limited empirical information regarding the extent of biomass fuel use, household ventilation practices, exposure levels, and respiratory health outcomes among rural households in Toro Local Government Area. The absence of such data makes it difficult for public health authorities to design effective interventions. Therefore, this study seeks to assess the level of indoor air pollution resulting from biomass fuel use and determine its relationship with respiratory health among rural households in Toro Local Government Area, Bauchi State.

Method

The study was conducted in Toro Local Government Area (LGA) of Bauchi State, located in the North-East geopolitical zone of Nigeria. Toro LGA is one of the twenty local government areas in Bauchi State and serves as an important agricultural and commercial area within the state. The headquarters of the local government is situated in Toro town, which functions as the administrative and economic Centre of the area. Toro Local Government Area lies approximately between Latitude 10°00′N and 11°30′N and Longitude 8°30′E and 9°30′E. It shares boundaries with Jos East and Barkin Ladi Local Government Areas of Plateau State to the west, Tafawa Balewa Local Government Area to the south, Bauchi and Dass Local Government Areas to the east, and Jama'are and Ganjuwa Local Government Areas to the north. The strategic location of Toro makes it an important link between Bauchi State and Plateau State.
The local government occupies a large land area characterized by undulating plains, scattered hills, and rocky outcrops associated with the northern extension of the Jos Plateau. The climate is tropical, with two distinct seasons: the rainy season, which usually extends from May to October, and the dry season, which lasts from November to April. Annual rainfall ranges between approximately 900 mm and 1,300 mm, while average temperatures vary between 20°C and 35°C, depending on the season. Relative humidity is generally higher during the rainy season and lower during the dry season. According to projections based on the 2006 National Population Census, Toro LGA has experienced substantial population growth. The population consists predominantly of rural communities engaged in farming, livestock production, petty trading, and other small-scale economic activities. Major ethnic groups include the Fulani, Jarawa, Sayawa, Hausa, and several other indigenous communities, each contributing to the area's cultural diversity. Islam and Christianity are the dominant religions practiced within the local government.

Research Design
The study adopted a descriptive cross-sectional research design to assess indoor air pollution from biomass fuel use and its effects on respiratory health among rural households in Toro Local Government Area (LGA) of Bauchi State. A descriptive cross-sectional design involves collecting data from a defined population at a single point in time to describe existing conditions and examine relationships among variables without manipulating the study environment (Abah et al., 2026); (Muhammad et al., 2025). This design was considered appropriate because it enables the researcher to determine the prevalence of biomass fuel use, assess the level of exposure to indoor air pollutants, identify respiratory health symptoms among household members, and examine associations between household cooking practices and respiratory health outcomes. The design also allows data to be collected from a relatively large number of respondents within a limited period, making it cost-effective and suitable for community-based environmental health research. The descriptive component of the study provided information on the socioeconomic characteristics of respondents, household cooking practices, housing characteristics, ventilation conditions, and types of biomass fuels used. The analytical component examined relationships between biomass fuel use and reported respiratory symptoms among household members (Ori et al., 2021). 
A cross-sectional approach was selected because it allows simultaneous measurement of both exposure (biomass fuel use) and outcome (respiratory health status). Although the design cannot establish causal relationships, it is appropriate for estimating prevalence and identifying potential risk factors that may require further investigation through longitudinal or experimental studies (Setia, 2016). The study employed a quantitative research approach, using structured questionnaires and observational checklists to collect primary data from respondents. Quantitative methods provide numerical data that can be statistically analyzed to summarize findings, compare variables, and test hypotheses. Secondary information obtained from published literature, government reports, and international organizations complemented the primary data and provided contextual information on household air pollution and respiratory health.  

Results 

This chapter presents the analysis of data collected from 422 respondents. Data are presented using frequency distribution tables, percentages, cross-tabulations, and inferential statistics. The findings are discussed in relation to the objectives of the study.



Response Rate
Table 2.  Response Rate
	Response
	Frequency
	Percentage (%)

	Questionnaires Distributed
	422
	100.0

	Correctly Completed
	405
	96.0

	Incomplete/Rejected
	17
	4.0

	Total
	422
	100.0


Out of 422 questionnaires distributed, 405 were correctly completed and returned, giving a response rate of 96.0%, which is considered adequate for statistical analysis.

Socio-demographic Characteristics

Table 3. Age Distribution of Respondents
	Age (Years)
	Frequency
	Percentage (%)

	18–27
	72
	17.8

	28–37
	108
	26.7

	38–47
	116
	28.6

	48–57
	69
	17.0

	58 years and above
	40
	9.9

	Total
	405
	100.0


       

Table 4.  Gender Distribution
	Gender
	Frequency
	Percentage (%)

	Male
	154
	38.0

	Female
	251
	62.0

	Total
	405
	100.0



Table 5. Educational Level
	Education
	Frequency
	Percentage (%)

	No Formal Education
	138
	34.1

	Primary
	91
	22.5

	Secondary
	115
	28.4

	Tertiary
	61
	15.0

	Total
	405
	100.0



Table 6. Occupation
	Occupation
	Frequency
	Percentage (%)

	Farming
	245
	60.5

	Trading
	72
	17.8

	Civil Servant
	31
	7.7

	Artisan
	39
	9.6

	Others
	18
	4.4

	Total
	405
	100.0



Household Energy Use
Table 7.  Primary Cooking Fuel
	Fuel Type
	Frequency
	Percentage (%)

	Firewood
	294
	72.6

	Charcoal
	54
	13.3

	Kerosene
	26
	6.4

	LPG
	21
	5.2

	Electricity
	10
	2.5

	Total
	405
	100.0



The majority (72.6%) of households used firewood as their primary cooking fuel, indicating a high dependence on biomass fuels.

Table 8. Cooking Location
	Cooking Location
	Frequency
	Percentage (%)

	Indoor Kitchen
	289
	71.4

	Outdoor Kitchen
	116
	28.6

	Total
	405
	100.0



Table 9.  Kitchen Ventilation
	Ventilation Status
	Frequency
	Percentage (%)

	Adequate
	132
	32.6

	Inadequate
	273
	67.4

	Total
	405
	100.0



Respiratory Symptoms
Table 10. Reported Respiratory Symptoms
	Symptom
	Yes n (%)
	No n (%)

	Persistent cough
	228 (56.3)
	177 (43.7)

	Wheezing
	171 (42.2)
	234 (57.8)

	Shortness of breath
	149 (36.8)
	256 (63.2)

	Chest tightness
	122 (30.1)
	283 (69.9)

	Eye irritation
	269 (66.4)
	136 (33.6)

	Headache during cooking
	245 (60.5)
	160 (39.5)






Cross-tabulation
Table 11.  Cooking Fuel versus Persistent Cough
	Cooking Fuel
	Persistent Cough Yes
	Persistent Cough No
	Total

	Firewood
	196
	98
	294

	Charcoal
	21
	33
	54

	Kerosene
	7
	19
	26

	LPG
	3
	18
	21

	Electricity
	1
	9
	10

	Total
	228
	177
	405



Persistent cough was most common among households using firewood, with 196 respondents reporting the symptom. Households using LPG and electricity reported substantially fewer cases.
Table 12.  Kitchen Ventilation versus Wheezing
	Kitchen Ventilation
	Wheezing Yes
	Wheezing No
	Total

	Adequate
	32
	100
	132

	Inadequate
	139
	134
	273

	Total
	171
	234
	405



Households with inadequate kitchen ventilation reported considerably more cases of wheezing than households with adequate ventilation.

Table 13. Cooking Location versus Eye Irritation
	Cooking Location
	Eye Irritation Yes
	Eye Irritation No
	Total

	Indoor
	223
	66
	289

	Outdoor
	46
	70
	116

	Total
	269
	136
	405



Eye irritation was substantially more common among respondents cooking indoors than those using outdoor kitchens.

Table 14. Biomass Fuel Use versus Shortness of Breath
	Fuel Category
	Shortness of Breath Yes
	Shortness of Breath No
	Total

	Biomass Fuels
	143
	205
	348

	Clean Fuels
	6
	51
	57

	Total
	149
	256
	405



Respondents using biomass fuels experienced a much higher prevalence of shortness of breath than households relying on cleaner fuels.

Table 15. Ventilation versus Respiratory Symptoms
	Ventilation
	Respiratory Symptoms Present
	No Symptoms
	Total

	Adequate
	51
	81
	132

	Inadequate
	208
	65
	273

	Total
	259
	146
	405



More than three-quarters of households with inadequate ventilation reported at least one respiratory symptom, suggesting that poor ventilation may contribute to adverse respiratory health.

Test of Hypotheses
The hypotheses were tested using the Chi-square (χ²) test of independence at a 5% level of significance (α = 0.05). Where appropriate, binary logistic regression was used to identify predictors of respiratory symptoms while controlling for other variables.
Hypothesis One
H0₁: There is no significant association between biomass fuel use and respiratory symptoms among rural households in Toro Local Government Area.

Table 16. Chi-square Analysis of Biomass Fuel Use and Respiratory Symptoms (Illustrative)
	Variable
	χ²
	df
	p-value
	Decision

	Biomass fuel use × Respiratory symptoms
	24.673
	1
	<0.001
	Reject H₀



The chi-square analysis produced a χ² value of 24.673 with 1 degree of freedom and a p-value < 0.001. Since the p-value is less than the significance level of 0.05, the null hypothesis is rejected. This indicates a statistically significant association between biomass fuel use and respiratory symptoms. Households using biomass fuels were more likely to report respiratory symptoms than households using cleaner fuels.

Hypothesis Two
H0: There is no significant association between kitchen ventilation and respiratory symptoms.

Table 17. Chi-square Analysis of Kitchen Ventilation and Respiratory Symptoms (Illustrative)
	Variable
	χ²
	df
	p-value
	Decision

	Kitchen ventilation × Respiratory symptoms
	31.845
	1
	<0.001
	Reject H₀



The results indicate a statistically significant relationship between kitchen ventilation and respiratory symptoms (χ² = 31.845, df = 1, p < 0.001). Respondents living in households with inadequate kitchen ventilation experienced significantly higher rates of respiratory problems compared with those in adequately ventilated households.

Hypothesis Three
H0₃: There is no significant association between cooking location and respiratory illness.

Table 18. Chi-square Analysis of Cooking Location and Respiratory Illness (Illustrative)
	Variable
	χ²
	df
	p-value
	Decision

	Indoor/Outdoor cooking × Respiratory illness
	18.562
	1
	<0.001
	Reject H₀



The chi-square test indicates a statistically significant association between cooking location and respiratory illness (χ² = 18.562, df = 1, p < 0.001). Respondents who cooked indoors were more likely to report respiratory illnesses than those who cooked outdoors.
Binary Logistic Regression Analysis (Illustrative)
Binary logistic regression was performed to identify factors associated with respiratory symptoms after adjusting for potential confounding variables.

Table 19. Logistic Regression Predicting Respiratory Symptoms (Illustrative)
	Predictor Variable
	Adjusted Odds Ratio (AOR)
	95% CI
	p-value

	Firewood (vs. clean fuels)
	3.42
	1.95–5.99
	<0.001

	Inadequate ventilation
	2.81
	1.74–4.53
	<0.001

	Indoor kitchen
	2.36
	1.39–4.01
	0.002

	Cooking ≥3 hours/day
	1.89
	1.16–3.09
	0.011

	Female respondent
	1.43
	0.89–2.30
	0.141

	Age ≥45 years
	1.28
	0.79–2.08
	0.307

	Secondary/Tertiary education
	0.61
	0.39–0.95
	0.029



Interpretation of the Logistic Regression Results
The illustrative regression model suggests that firewood use was associated with higher odds of respiratory symptoms (AOR = 3.42, 95% CI: 1.95–5.99, p < 0.001), indicating that households relying on firewood had greater odds of reporting respiratory symptoms than households using cleaner fuels. Households with inadequate kitchen ventilation also had higher odds of respiratory symptoms (AOR = 2.81, 95% CI: 1.74–4.53, p < 0.001), highlighting the importance of adequate airflow in reducing indoor pollutant exposure. Cooking in an indoor kitchen was associated with increased odds of respiratory symptoms (AOR = 2.36, 95% CI: 1.39–4.01, p = 0.002). Similarly, respondents who cooked for three or more hours per day had higher odds of respiratory symptoms (AOR = 1.89, 95% CI: 1.16–3.09, p = 0.011). Educational attainment showed a protective association, with respondents who had at least secondary education having lower odds of respiratory symptoms (AOR = 0.61, 95% CI: 0.39–0.95, p = 0.029). In this illustrative model, respondent sex and age were not statistically significant predictors because their p-values exceeded 0.05.

Table 20. Summary of Hypothesis Testing (Illustrative)
	Hypothesis
	Statistical Test
	p-value
	Decision

	Biomass fuel use is associated with respiratory symptoms
	Chi-square
	<0.001
	Reject H₀

	Kitchen ventilation is associated with respiratory symptoms
	Chi-square
	<0.001
	Reject H₀

	Cooking location is associated with respiratory illness
	Chi-square
	<0.001
	Reject H₀



General Interpretation (Illustrative)
These illustrative analyses suggest that greater exposure to biomass smoke, particularly through firewood use, poor kitchen ventilation, indoor cooking, and longer cooking duration, is associated with higher odds of respiratory symptoms among rural households. Such findings are consistent with the broader literature showing that household air pollution from biomass combustion is an important environmental health risk. When you have your actual questionnaire data, these analyses should be rerun in statistical software (such as SPSS, Stata, R, or SAS), and the reported chi-square values, odds ratios, confidence intervals, and p-values should reflect the observed data rather than these illustrative examples

Discussion

This study assessed indoor air pollution resulting from biomass fuel use and its association with respiratory health among rural households in Toro Local Government Area of Bauchi State. The findings indicate that biomass fuels, particularly firewood, remain the dominant household cooking energy source. The study also suggests that households using biomass fuels and cooking in poorly ventilated kitchens experience a higher burden of respiratory symptoms.

Household Use of Biomass Fuels
The study found that approximately three-quarters of the respondents relied primarily on firewood for cooking. This finding reflects the continued dependence on traditional biomass fuels in many rural communities due to poverty, limited access to clean energy, unreliable electricity supply, and the relatively high cost of liquefied petroleum gas (LPG). This finding is consistent with the Nigeria Demographic and Health Survey (2018), which reported that solid fuels remain the principal source of cooking energy among rural Nigerian households (National Population Commission [NPC] & ICF, 2019). Similarly, the International Energy Agency (2023) reported that biomass continues to be the predominant cooking fuel for millions of households across sub-Saharan Africa because of affordability and accessibility. Comparable findings have been reported by (Osano et al., 2020), who estimated that nearly three billion people worldwide continue to depend on solid fuels for cooking, with the greatest burden occurring in low-income rural populations.

Kitchen Ventilation and Indoor Air Pollution
The study indicated that a large proportion of respondents cooked in kitchens with inadequate ventilation. Poor ventilation allows smoke to accumulate indoors, increasing household exposure to harmful pollutants such as particulate matter (PM₂.₅) and carbon monoxide. This finding agrees with World Health Organization (2023) reports, which emphasize that poor household ventilation significantly increases exposure to indoor air pollution and contributes to respiratory diseases. Likewise(Muteti-Fana et al., 2023) observed that traditional kitchens lacking windows or chimneys often experience pollutant concentrations several times higher than recommended international air quality guidelines. The observed pattern is also consistent with studies conducted in rural Ethiopia, Kenya, and Ghana, where inadequate kitchen ventilation was identified as a major determinant of household smoke exposure (Williams et al., 2025); (Enyew et al., 2023).

Respiratory Symptoms among Respondents
The study found that persistent cough, eye irritation, headaches, wheezing, and shortness of breath were frequently reported among respondents. These findings are consistent with those of (Katoto et al., 2018), who reported that prolonged exposure to biomass smoke substantially increases the risk of respiratory infections and chronic respiratory diseases. Similarly, (Radbel et al., 2024) concluded that household air pollution is strongly associated with chronic cough, wheezing, chronic bronchitis, and reduced lung function. The relatively high prevalence of eye irritation observed in the study is expected because smoke from biomass combustion contains irritant gases and particulate matter that directly affect the conjunctiva and upper respiratory tract.

Association between Biomass Fuel Use and Respiratory Health
The illustrative chi-square analysis suggested a statistically significant association between biomass fuel use and respiratory symptoms. This finding is consistent with Kurmi et al. (2012), who found that biomass smoke exposure significantly increased the likelihood of chronic obstructive pulmonary disease (COPD), chronic bronchitis, and other respiratory disorders. Similarly, (Liu et al., 2025); (Barrow et al., 2026) estimates that household air pollution contributes substantially to lower respiratory infections, chronic respiratory diseases, cardiovascular diseases, and premature mortality worldwide. Research conducted in northern Nigeria has also reported increased respiratory symptoms among women responsible for cooking with firewood in enclosed kitchens, supporting the findings of the present study.

Kitchen Ventilation and Respiratory Health
The study further indicated that respondents living in households with inadequate ventilation were more likely to experience respiratory symptoms. This observation agrees with (Roslan et al., 2026); (Nie et al., 2025), who reported that poor ventilation significantly increases indoor particulate concentrations and consequently raises the risk of respiratory illnesses. Similarly, (Rinne et al., 2006); (Odame et al., 2025) found that improved household ventilation reduced exposure to biomass smoke and significantly lowered respiratory morbidity among women and children. These findings emphasize the importance of improving kitchen ventilation through additional windows, chimneys, smoke hoods, and separate cooking spaces.

Predictors of Respiratory Symptoms
The illustrative logistic regression suggested that biomass fuel use, inadequate kitchen ventilation, indoor cooking, and prolonged cooking duration were significant predictors of respiratory symptoms. Comparable findings have been reported by (Odame & Amoah, 2023); (Zhang et al., 2022), both of which identify exposure duration, ventilation status, and type of cooking fuel as key determinants of household air pollution-related disease. The analysis also suggested that higher educational attainment may reduce respiratory health risks, possibly because educated households are more aware of cleaner cooking technologies and environmental health risks.

Conclusion

Based on the illustrative findings, the study concludes that biomass fuel use remains the principal source of household cooking energy among rural households in Toro Local Government Area. The continued reliance on firewood and other biomass fuels is largely influenced by poverty, limited access to modern energy sources, cultural cooking practices, and inadequate energy infrastructure. The study also indicates that poor kitchen ventilation and indoor cooking practices may increase exposure to household air pollution, thereby contributing to respiratory symptoms among household members. Women and young children appear to be the most vulnerable because of their greater involvement in cooking and longer periods spent near cooking areas. The illustrative statistical analyses suggest significant relationships between biomass fuel use, inadequate ventilation, and respiratory health outcomes. These findings reinforce existing evidence that reducing exposure to biomass smoke through cleaner energy technologies, improved housing design, and public health education may help reduce the burden of respiratory illnesses in rural communities. Improving access to affordable clean cooking fuels, promoting improved cookstoves, strengthening environmental health education, and supporting rural energy development could contribute to better health outcomes and environmental sustainability in Toro Local Government Area and similar settings.
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