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Abstract 

Household air pollution from biomass combustion is a major health risk in low- and middle-income countries, with women and 

young children receiving disproportionate exposure. Local evidence from rural communities of Nigeria’s Federal Capital 

Territory remains limited. A mixed-methods cross-sectional study was conducted in rural communities of Abaji Area Council 

between November 2025 and April 2026. Household questionnaires, 48-hour indoor PM2.5, PM10 and carbon monoxide (CO) 

monitoring, spirometry, child anthropometry, biomarker assessment, focus group discussions and key-informant interviews were 

used. The detailed results dataset comprised 652 households, 420 women and 579 children under five years; 100 households 

underwent air-quality monitoring, and 200 women were selected for spirometry. Our results showed a mean 48-hour PM2.5 was 

2,398 μg/m3 (SD 923; range 842-5,922), while mean PM10 was 3,892 μg/m3 and mean CO was 201 ppm. PM2.5 concentrations 

were substantially higher in households cooking inside the main living/sleeping room than in households using a separate cooking 

building. Among women, 40.9% reported chronic cough, 52.4% reported clinically relevant breathlessness, and 12.0% of women 

with acceptable spirometry had an FEV1/FVC ratio below 0.70. Each 100-μg/m3 increase in PM2.5 was associated with a 0.021-

L decrement in FEV1. The study documents exceptionally high household smoke exposure and substantial respiratory morbidity 

among women and children in rural Abaji. Clean-cooking transition, exposure-reduction measures and stronger primary health-

care responses should be prioritized, while longitudinal studies are needed to strengthen causal inference. 
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1. Introduction 

Household air pollution (HAP) generated by the combus-

tion of solid fuels remains an important environmental and 

public-health problem [1]. Firewood combustion produces 

fine particulate matter (PM2.5), carbon monoxide (CO), vola-

tile organic compounds and polycyclic aromatic hydrocarbons. 

Women and children are particularly exposed because women 

commonly undertake cooking and young children may remain 

near cooking areas during meals and food preparation [2, 3]. 

In Nigeria, firewood remains widely used, especially in ru-

ral communities where household income, energy infrastruc-

ture, fuel availability and social norms constrain access to 

cleaner alternatives [4, 5]. The present study identifies rural 

Abaji Area Council as an important setting because of its pre-

dominantly rural character and limited access to modern 

household energy. The health consequences of sustained ex-

posure include respiratory symptoms, impaired lung function, 

respiratory infections, adverse pregnancy outcomes and other 

systemic effects [6]. 

The primary sources of energy for cooking in Abaji are fire-

wood and charcoal, with limited access to cleaner alternatives 

such as liquefied petroleum gas (LPG) or kerosene. The lack 

of electricity in many remote hamlets further entrenches reli-

ance on biomass fuels. Health facilities in the area are sparse, 

with only one general hospital and several primary health cen-

tres (PHCs) serving the entire area council. This context of 

high biomass fuel reliance, limited healthcare access, and rural 

poverty makes Abaji an ideal setting for investigating the pub-

lic health impacts of firewood smoke exposure among vulner-

able populations. The present study was designed to quantify 

indoor pollutant concentrations and examine their relationship 

with respiratory and related health outcomes among women 

and children in rural Abaji. 

2. Materials and Methods 

2.1. Study Design and Setting 

The study used a mixed-methods cross-sectional design 

combining quantitative exposure and health assessment with 

qualitative inquiry. It was conducted in rural communities of 

Abaji Area Council in the southern part of the Federal Capital 

Territory, Nigeria. Abaji, one of the six area councils of the 

Federal Capital Territory (FCT), Abuja, Nigeria. Abaji is lo-

cated in the southern part of the FCT, sharing borders with 

Kuje Area Council to the north, Nasarawa State to the east, 

and Niger State to the west. The area council has its headquar-

ters in the town of Abaji and is predominantly rural, compris-

ing several distinct communities. 

Abaji is characterised by a tropical savanna climate with 

distinct wet (April-October) and dry (November-March) sea-

sons. The vegetation is predominantly Guinea savanna wood-

land. The inhabitants are largely farmers, hunters, and petty 

traders. The population is estimated to be over 150,000 per-

sons, with a high proportion living in rural settlements. The 

following rural communities within Abaji Area Council were 

selected for the study: Yaba, Gurdi, Mawogi, Adagba, and Alu. 

These communities were chosen based on their exclusive re-

liance on firewood for cooking, geographical dispersion 

across the area council, accessibility, and willingness of com-

munity leaders to participate. 

2.2. Participants and Sampling 

The detailed study description identifies women aged 18-

49 years who were permanent residents of selected communi-

ties and whose households used firewood as the primary cook-

ing fuel, together with their children under five years. The 

study documentation reports five named communities—Yaba, 

Gurdi, Mawogi, Adagba and Alu—and describes multi-stage 

community and household sampling. 

The planned sample-size calculation used Cochran’s for-

mula with a conservative prevalence of 50%, a 95% confi-

dence level and 5% precision. After allowance for clustering 

and non-response, the target was approximately 634 women, 

with a final target of 650. The detailed results section reports 

652 households, 420 women and 579 children under five years. 

2.2.1. The Inclusion Criteria 

1) women aged 18-49 years who had been resident in the 

community for at least 12 months. 

2) households whose primary cooking fuel was firewood 

(used at least 5 days per week). 

3) women who gave informed consent. 

4) children under five years of age whose mothers were en-

rolled in the study and who did not have known pre-ex-

isting congenital anomalies that could independently af-

fect growth outcomes. 

2.2.2. The Exclusion Criteria 

1) women who were pregnant at the time of spirometry test-

ing. 

2) women with known pre-existing chronic respiratory dis-

eases (e.g., asthma diagnosed by a physician) or cardio-

vascular diseases. 

3) households using LPG, electric stoves, or kerosene as 

their primary cooking fuel. 

4) women who smoked tobacco or used other inhaled sub-

stances. 

5) children with acute febrile illness on the day of anthro-

pometric measurements. 

2.3. Data Collection 

Structured questionnaires captured demographic character-

istics, fuel use, cooking duration, kitchen location, ventilation, 
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child health history and awareness of smoke-related risks. In-

door air monitoring was conducted in 100 households using 

portable PM2.5/PM10 monitors and CO sensors. The results re-

ported 48-hour mean concentrations. 

Spirometry was conducted in a randomly selected subsam-

ple of women. Of 200 selected women, 184 produced accepta-

ble and repeatable flow-volume curves according to the 

study’s stated ATS/ERS criteria. Child weight and height 

were measured and converted to WHO growth indices. Bi-

omarker analyses were performed in a subset of women and 

children, including malondialdehyde (MDA), superoxide dis-

mutase (SOD) and C-reactive protein (CRP). 

2.4. Qualitative Component 

Ten focus group discussions involving 98 women and 20 

key-informant interviews were conducted with primary-

health-care staff, community health workers, village heads 

and traditional birth attendants. Thematic analysis followed 

the six-phase Braun and Clarke framework. Two coders inde-

pendently coded 20% of transcripts, with reported intercoder 

reliability above 85%. 

2.5. Statistical Analysis 

Descriptive statistics were used to summarise exposure and 

health variables. Bivariate comparisons examined differences 

across exposure groups. Multivariable logistic regression and 

linear mixed models were used to examine predictors and ac-

count for clustering. Adjusted odds ratios (AORs), 95% con-

fidence intervals and p-values were reported. The source man-

uscript states that missing data were handled by complete-case 

analysis where missingness was below 5% and multiple im-

putation using MICE where missingness exceeded 5%. 

2.6. Ethics 

The study protocol states that ethical approval was to be ob-

tained from the Federal Capital Territory Health Research 

Ethics Committee. Written informed consent was to be ob-

tained from participants, with confidentiality and referral of 

participants with adverse findings. 

3. Results 

All 652 households in the detailed results dataset reported 

firewood as their cooking fuel. The median duration of fire-

wood use by the primary cook was 12 years (IQR 7-20), and 

median daily cooking time was 4.5 hours (IQR 3.5-5.5). Only 

24.8% of households used a separate cooking building; 7.8% 

cooked inside the main living or sleeping room. No household 

reported a chimney or dedicated smoke outlet. Children under 

five were present in the cooking area for at least part of the 

cooking event in 87.2% of households with such children. 

Table 1. Household and cooking characteristics. 

Indicator Finding 

Households 652 

Women assessed 420 

Children under 5 years 579 

Households with air-quality monitor-

ing 
100 

Women selected for spirometry 
200; 184 acceptable 

tests 

Median firewood-use duration 12 years (IQR 7-20) 

Median daily cooking time 4.5 hours (IQR 3.5-5.5) 

Cooking in main living/sleeping room 7.8% 

Children present during cooking 87.2% 

Table 2. Indoor air pollution. 

Commu-

nity 

PM2.5 mean 

(μg/m3) 

PM10 mean 

(μg/m3) 

CO mean 

(ppm) 

Yaba 2,184 3,624 188 

Gurdi 2,987 4,801 251 

Adagba 1,846 3,001 144 

Mawogi 3,412 5,505 312 

Alu 1,422 2,389 112 

Overall 2,398 3,892 201 

The overall mean PM2.5 concentration was 2,398 μg/m3 (SD 

923; range 842-5,922). The source manuscript compares this 

with the WHO 24-hour guideline of 15 μg/m3 and interim tar-

get-1 of 75 μg/m3. Peak cooking-period concentrations report-

edly exceeded 8,000-10,000 μg/m3, with a maximum recorded 

value of 12,400 μg/m3. Households cooking inside the main 

living/sleeping room had a mean PM2.5 of 4,112 μg/m3 com-

pared with 1,845 μg/m3 in households using a separate cook-

ing building (p<0.001). 

Table 3. Respiratory health among women. 

Outcome n (%) 

Dry cough, past 2 weeks 498 (76.4%) 

Cough with phlegm, past 2 weeks 287 (44.0%) 

Chest tightness 312 (47.8%) 

Shortness of breath on exertion 401 (61.5%) 
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Outcome n (%) 

Wheezing 189 (29.0%) 

Chronic cough 267 (40.9%) 

Chronic phlegm 188 (28.8%) 

Breathlessness, MRC grade ≥2 342 (52.4%) 

Eye irritation 612 (93.9%) 

Headache during/after cooking 509 (78.1%) 

Nearly one-quarter of women reported stopping cooking 

temporarily because of cough or breathing difficulty. Only 

1.7% reported seeking care at a primary health centre specifi-

cally for a respiratory complaint. 

Table 4. Lung function. 

Parame-

ter 
Mean (SD) % predicted / abnormality 

FEV1 1.69 L (0.41) 
68.4% predicted; 57.6% 

<80% predicted 

FVC 2.01 L (0.48) 
71.2% predicted; 52.2% 

<80% predicted 

FEV1/FVC 0.84 (0.09) 12.0% <0.70 

A restrictive pattern was reported in 31.5% of women, 

while 12.0% met the study definition of an obstructive venti-

latory defect based on FEV1/FVC <0.70. The manuscript 

notes that bronchodilator testing was not performed; therefore, 

these findings should be described as spirometric patterns ra-

ther than definitive clinical diagnoses of COPD. 

In a linear mixed model, each 100-μg/m3 increase in 48-

hour mean PM2.5 was associated with a 0.021-L lower FEV1 

(95% CI −0.033 to −0.009; p=0.002). Women in the highest 

PM2.5 exposure tertile (>2,800 μg/m3) had an adjusted mean 

FEV1 0.31 L lower than women in the lowest tertile (<1,600 

μg/m3). 

Table 5. Respiratory and nutritional outcomes among children. 

Outcome Finding 

Probable ARI, past 2 weeks 178 children (30.7%) 

Cough 294 (67.7%) 

Difficult/fast breathing 137 (32.3%) 

Pneumonia diagnosed by a health 

worker in the past year 
73 (12.6%) 

Outcome Finding 

Reported annual ARI incidence 3.2 episodes/child-year 

Stunting 166/541 (30.7%) 

Underweight 126/541 (23.3%) 

Wasting 69/541 (12.8%) 

Children in households in the highest PM2.5 exposure tertile 

had 2.41 times the odds of probable ARI compared with those 

in the lowest tertile (95% CI 1.52-3.81; p<0.001), after adjust-

ment for age, sex, maternal education and crowding. The 

source analysis also reported that each 100-μg/m3 increase in 

PM2.5 was associated with a 0.08 reduction in height-for-age 

Z-score after adjustment for household wealth and food secu-

rity. 

Table 6. Biomarkers. 

Biomarker 
Exposed 

mean ± SD 

Control mean ± 

SD 

p-

value 

MDA (nmol/L) 5.62 ± 1.31 3.74 ± 0.87 <0.001 

SOD (U/mL) 68.3 ± 12.1 85.7 ± 9.5 <0.001 

CRP (mg/L) 5.9 ± 1.4 3.1 ± 1.0 <0.001 

The biomarker subsample showed higher MDA and CRP 

and lower SOD among exposed participants than controls, 

consistent with oxidative stress and inflammation. Because 

the biomarker sample was small, these findings should be in-

terpreted as supportive rather than definitive evidence of pop-

ulation-wide systemic effects. 

4. Discussion 

The principal finding is the magnitude of household smoke 

exposure. Mean PM2.5 and CO concentrations were far above 

the guideline values cited in the source manuscript, and short-

term peaks were extreme. The concentration differences by 

cooking location reinforce the importance of ventilation and 

separation of cooking areas as modifiable determinants of ex-

posure [7]. 

The respiratory symptom burden among women was sub-

stantial. Chronic cough, breathlessness, eye irritation and 

headache were common, while objective lung-function testing 

identified frequent reductions in FEV1 and FVC. The ob-

served exposure-FEV1 relationship strengthens the internal 

coherence of the study because it links measured pollution 

with an objective physiological outcome. 

Among children, the combination of high smoke exposure, 
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frequent respiratory symptoms and a high prevalence of prob-

able ARI is concerning. The higher odds of probable ARI in 

the highest exposure group and the reported population at-

tributable fraction of 58% support the importance of house-

hold air pollution as a potentially preventable contributor. 

Similar result has been reported [5, 8]. However, because the 

design is cross-sectional, the findings should be expressed as 

associations rather than proof of causation. 

The nutritional findings suggest an additional dimension of 

vulnerability. Stunting, underweight and wasting were com-

mon, and the reported association between PM2.5 and height-

for-age remained after adjustment for selected socioeconomic 

factors. This is in tandem with previous studies [9-13]. Possi-

ble mechanisms proposed in the source include recurrent in-

fection, systemic inflammation and increased metabolic de-

mand. These mechanisms remain hypotheses within the pre-

sent cross-sectional study and require longitudinal evaluation. 

However, the study limitations include the cross-sectional 

design, which limits causal inference; potential recall bias for 

self-reported symptoms and historical birth outcomes; limited 

biomarker sampling; and exposure measurements that may 

not fully capture seasonal and day-to-day variability [14, 15]. 

5. Conclusion 

Rural households in Abaji experience very high exposure to 

firewood smoke, accompanied by substantial respiratory mor-

bidity among women and children. The findings identify 

cooking location, ventilation and prolonged firewood use as 

important exposure determinants and demonstrate consistent 

associations between PM2.5 and respiratory outcomes. Imme-

diate exposure-reduction measures should be combined with 

sustained access to cleaner cooking technologies and stronger 

integration of household air-pollution prevention into primary 

health care. 
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MDA Malondialdehyde 
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HAP Household Air Pollution 
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