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Abstract 
Background: Cassava processing is an important source of livelihood for 
many rural women and involves prolonged exposure to biomass smoke. The 
impact of this exposure on respiratory health of these women has not been 
explored. We aimed to compare the frequency of respiratory symptoms and 
pulmonary function among cassava processing women to that of petty traders 
as well as the levels of particulate matter PM2.5 and PM10 at the workplaces of 
these women. Methods: A comparative cross-sectional design. Question- 
naire was administered; spirometry was performed; PM2.5 and PM10 were 
sampled. Descriptive statistics were used and multiple logistic regressions 
were performed to assess the relationship between predictors and outcome va-
riables. Results: 528 non-smoking women were recruited (264 cassava proces-
sors and 264 petty traders). The women were matched by baseline parameters. 
PM2.5 levels at the cassava processing plants were (50 ± 10.0 μg/m3) while the 
levels at the petty traders’ stalls were 13.0 ± 10.0 μg/m3 (P < 0.001). One-year 
prevalence of respiratory symptoms among cassava processors compared to 
petty traders was as follows: cough 22.7% versus 9.5% (P < 0.001), chronic 
bronchitis 5.7% versus 2.3% (P = 0.045), phlegm 23.1% versus 11%, wheezing 
10.2% versus 5.3% (P = 0.05), breathlessness 36% versus 30.7% (P = 0.230). 
The mean (standard deviation) of Forced Vital Capacity (FVC) of 2.11 ± 0.37 
liters, Forced Expiratory Volume in one second (FEV1) of 1.58 ± 0.38 liters 
and FEV1/FVC of 74.12% ± 7.55% among cassava processors was significantly 
lower than FVC of 2.19 ± 0.28 liters, FEV1 of 1.72 ± 0.26 liters and FEV1/FVC 
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of 78.34% ± 5.05% among petty traders (P = 0.007, <0.001, <0.001 and <0.001 
respectively). Prevalence of obstructive pulmonary defect (FEV1/FVC < 70%) 
among the cassava processors was 21.3% compared to 6.4% among petty traders 
(P < 0.001). The factors that predicted an obstructive pulmonary defect were 
occupational biomass fuel use (OR 6.101, CI 3.212 - 11.590), age group 50 years 
- 60 years (OR 6.805, CI 1.764 - 26.235) and working as a cassava processor 
for ≥10 years (OR 14.916, CI 5.077 - 43.820) compared to <10 years. 
Conclusion: Cassava processors are exposed to very high levels of PM2.5, hav-
ing more respiratory symptoms, lower pulmonary function parameters and 
higher frequency of obstructive pulmonary defect compared to women not 
occupationally exposed to biomass. Use of more efficient fuel in cassava 
processing and personal protective equipment may limit the harmful health 
effects of biomass among these vulnerable women. 
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1. Introduction 

Cassava processing into garri (a major staple food in Nigeria) is an important 
source of livelihood for many rural women in Nigeria and involves prolonged 
exposure to biomass smoke. These women use wood in open fires to roast the 
cassava in semi-enclosed huts for 8 to 10 hours for up to six days in a week. The 
use of biomass fuel for cooking is associated with exposures to high levels of 
PM2.5, PM10, black carbon, sulphur dioxide etc. which have been associated with 
several adverse health effects such as upper and lower respiratory tract infec-
tions, chronic obstructive pulmonary disease (COPD), asthma, cancer, low birth 
weight, cataract and blindness [1] [2] [3]. The World Health Organization rec-
ommends acceptable levels of PM2.5 and PM10 of 25 μg/m3 24-hour mean and 50 
μg/m3 24-hour mean respectively in households and workplaces, and levels 
higher than this are usually associated with adverse health effects [4]. The WHO 
also recommends that workplaces with increased risk of exposures to particulate 
be assessed to determine if they meet the recommended safety levels [4]. 

Epidemiological studies on the health effects of biomass smoke have been 
conducted in a variety of settings and with a variety of study designs. However, 
in spite of their unquestionable importance, research and information in many 
aspects of the exposures, risks and health effects of biomass fuel-combustion 
smoke in occupational settings and the interventions to reduce or avoid it are 
scarce especially in Nigeria [5]. Most studies on health effects of biomass expo-
sure in developing countries have addressed indoor use in households and the 
health effects of occupational exposures have not been assessed, in addition to 
the relationship between exposures to biomass and adverse health effects in 
semi-enclosed environments such as that in which these women work has not 
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been extensively explored.  

We designed this study to compare the levels of particulate matter at work-
places, the frequency of respiratory symptoms as well as spirometry parameters 
between cassava processing women occupationally exposed to biomass smoke 
and petty traders not occupationally exposed to biomass smoke.  

2. Materials and Methods 
2.1. Study Design 

The study was a comparative cross-sectional study. 

2.2. Study Area and Study Population 

The study population were workers engaged in the processing of raw cassava 
into garri using biomass fuel and petty traders in Odogbolu Local Government 
Area of Ogun state Nigeria. There are small scale garri processing plants located all 
over Odogbolu Local Government Area of Ogun state in Nigeria that produce the 
popular “Ijebu garri” and majority of the garri processors are females. Odogbolu 
Local Government is mainly agrarian engaged in farming, hunting, fishing, 
lumbering and handicraft. However, some percentage of the population also 
engage in the service sector and industries [6]. 

2.3. Inclusion and Exclusion Criteria 

Females aged between 13 years and 60 years, who had been in the occupation for 
at least 12 consecutive months prior to the study were included in the study [7] 
[8] [9]. We excluded those with a previous history of pulmonary tuberculosis, 
known case of bronchial asthma, obvious skeletal abnormalities of the chest, 
pregnancy, previous history of work in a dusty environment and past or present 
history of smoking. Petty traders with a previous occupation involving exposure 
to biomass smoke were also excluded [10]. 

2.4. Sampling 

The sample size was determined using the formula for the comparison of two 
proportions and a minimum sample size of 264 was calculated for each group 
with a 5% precision at 95% confidence level [11] [12]. A multi-stage sampling 
technique was used in selecting participants 

2.4.1. Sampling for cassava processors 
Stage 1: Four wards out of the fifteen wards in Odogbolu LGA were selected by 
a simple random sampling. The selected wards were Odogbolu 1, Odogbolu 2, 
Okunowa and Aiyepe. 

Stage 2: All the workers in all the cassava processing plants were approached 
for recruitment into the study until the sample size of 264 was achieved. 

2.4.2. Petty traders 
Stage 1, selection of markets: Four of the markets located in the wards where 
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the sampled cassava processing plants were selected namely, Okun-Owa, Aiyepe, 
Odogbolu and Ijebu-Ijesa were selected. 

Stage 2, selection of clusters: Following an initial assessment of the markets, 
all the traders in the markets were grouped into eight clusters based on type of 
item sold. Out of the list of eight clusters, six clusters were selected by a simple 
random sampling technique (balloting) these were the clusters that were re-
cruited for the study in each of the markets and these clusters were provision, 
vegetables, textiles, fruits, food condiments and hardware. 

Stage 3, selection of participants: Every petty trader in each of the six clus-
ters that met the eligibility criteria was approached for recruitment into the 
study until the sample size of 264 was achieved.  

2.5. Sampling for the Particulate Matter Measurement  

Three cassava processing plants were selected from each of the four wards using 
a simple random sampling (balloting). Then particulate matter sampling was 
done at all the active stoves “amo” in the selected plants i.e. all the points that 
had biomass burning in them. Eventually, a total of 37 points were sampled in 
twelve cassava processing plants. 

The four markets in the four wards were sampled. In each market, nine points 
that were equidistant from each other were identified and particulate matter 
measurements carried out. A total of 36 points were sampled in four markets 
[13]. 

2.6. Data Collection Tools and Techniques 

The data was collected over a period of five months between the months of June 
and November 2014. 

2.6.1. Questionnaire  
Trained interviewers administered structured questionnaires on all participants 
[14] [15]. The questionnaire was adapted from the American Thoracic 
Society Questionnaire ATS-DLD-78-A [16] [17] [18] and was used to assess so-
cio-demographic variables, the presence of respiratory symptoms (cough, 
phelgm, wheezing), family medical history, occupational exposure to substances 
causing respiratory disorders, exposure to indoor sources of pollution, the use of 
respiratory protection devices and current employment history. The questionnaire 
was translated into the Yoruba with independent back translation into English. 
The interviewer administered questionnaire was pre-tested among workers in-
volved in cassava processing in Imodi, a ward that was not involved in the final 
study. Slight adjustments in flow and sequence of questions were made to ac-
commodate the observations made at pre-test. 

2.6.2. Anthropometric Measurements 
Height and weight were measured using the standard protocols recommended 
by the International Society for the Advancement of Kinanthropometry: ISAK 
[19]. 
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2.6.3. Spirometry 
Spirometry was performed using MiniSpir spirometer S/N 003291 between 9 am 
and 3 pm daily to minimise diurnal variation [20]. The protocol used was 
theERS/ATS guidelines 2005 for spirometry performance and interpretation and 
only the tests that met acceptability and repeatabilitycriteria (within 150 ml 200 
ml) were included. Each participant performed a minimum of three and a 
maximum of eight acceptable and reproducible forced expiratory maneuvers in a 
seated position after a brief coaching by a trained investigator. The subjects were 
instructed to empty their bladder before the commencement of the test. A full 
bladder and stress incontinence may cause under performance [21] [22]. The 
measured pulmonary function values were compared with the Nigerian reference 
values derived by Patrick and Femi-Pearse and the percentage of predicted values 
were derived [23]. The outcomes of spirometry test were classified as follows; 
Normal-FEV1/FVC > 70% & FVC > 80% of predicted. Obstructive pulmonary 
defect FEV1/FVC < 70% & FEV1 < 80% of predicted. Restrictive pulmonary 
pattern FEV1/FVC > 70% & FVC < 80% of predicted and combined pattern 
FEV1/FVC < 70% & FVC < 80% predicted [10] [14] [24]. Appropriate precaution 
was taken to prevent cross infection during spirometry by using a disposable 
mouth piece for each respondent.  

2.6.4. Measurement of Particulate Matter  
The particulate matter measurements were done from the 10th to 12th of November 
2014 between the hours of 10am and 3.30 pm each day. The instrument used was 
Aerocet PM Monitor of model Aerocet-531 and ambient concentrations of PM2.5 
and PM10 were measured. [8] The meter was placed at a height of 1.3 m above 
the ground. The physical factors known to affect particulate/dust measurement 
i.e. wind speed, temperature and barometric pressure were also measured 
simultaneously using Skymaster Pocket Weather Tracker [25].  

2.7. Ethics 

Ethical approval was obtained from the Lagos University Teaching Hospital 
Health Research Ethics Committee with approval number ADM/DCST/HREC/980. 
All participants gave verbal and written informed consent. 

2.8. Data Analysis 

Data analysis was done using IBM SPSS Statistics 20. Categorical data were 
summarized as proportions and percentages while continuous variables were 
summarized using means (±standard deviation). Chi square and Fishers exact 
tests were used for comparison of proportions and the Student t test for 
comparison of means. Multiple logistic regression was done to assess the 
relationship between predictors and outcome variables. P-value of <0.05 was 
considered statistically significant.  

3. Results 

A total of 528 respondents comprising 264 cassava processors and 264 petty 
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traders participated in the study. Out of this number, 258 (97.7%) cassava pro-
cessors and 249 (94.3%) petty traders had spirometry done. A total of 37 cassava 
processing points and 36 points in the markets were sampled for particulate 
matter. 

A comparison of the socio-demographic characteristics of the respondents 
Table 1 showed that the highest proportion of respondents in both groups was 
within the age group 30 - 39 years, 50.4% of cassava processors and 56.8% of 
petty traders. Amongst the cassava processors, a higher proportion 31.1% was 
from Igede ethnic group, followed by Yoruba 26.5% while most 81.8% of the 
petty traders were Yoruba. Amongst the cassava processors, the highest 
proportion 46.8% had primary education and 23.2% had secondary education 
compared to 55.9% of petty traders with secondary education and 28.4% with 
primary education. 

The mean PM concentrations at cassava processing workplaces were higher 
than those measured at the petty traders’ work areas. PM2.5 at the cassava pro-
cessors workplaces was 50.0 ± 10.0 μg/m3 compared to 13.0 ± 10.0 μg/m3 for  

 
Table 1. Comparison of socio-demographic characteristics of cassava processors and 
petty traders. 

Parameters  
Cassava processors 

n = 264 
Petty traders 

n = 264 
χ2 P value  

Age (years)     

Below 30 71(26.9) 74(28.0) 5.083 0.079 

30 - 49  133(50.4) 150(56.8)   

50 - 60 60(22.7) 40(15.2)   

Mean age 37.39 ± 12.06 37.83 ± 10.53 t= −0.450 0.653 

Ethnicity      

Yoruba 70(26.5) 225(85.2) 197.262** <0.001* 

Igede 82(31.1) 4(1.5)   

Igbo 44(16.7) 22(8.3)   

Isoko/Urhobo 35(13.3) 5(1.9)   

Others  33(12.5) 8(3.0)   

Level of education     

No formal education 75(28.5) 12(4.6) 111.839** <0.001* 

Primary education 124(46.8) 77(28.4)   

Secondary  61(23.2) 148(55.9)   

Post-secondary 4(1.5) 27(10.0)   

Monthly income (=N=)     

<10,000 177(67) 159(60.2) 4.732 0.096 

10,000 - 20,000 70(26.5) 75(28.4)   

>20,000 17(6.4) 30(11.4)   

Mean income (=N=) 7075.00 ± 5665.91 9251.89 ± 8885.73 T = 3.356 0.001* 

*P < 0.05 = statistically significant; **Fisher’s exact test. 
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petty traders. PM10 at the cassava processing workplaces was 440.0 ± 220.0 
μg/m3compared to 50.0 ± 10.0 μg/m3 for the petty traders and these differences 
were statistically significant (P < 0.001). The levels at the cassava processing 
plants were far above the WHO acceptable limit of 25 μg/m3 and 50 μg/m3 for 
PM2.5 and PM10 respectively [4]. 

Table 2 shows that there was a higher occurrence of self reported cough and 
phlegm among the cassava processors compared to the petty traders. The cassa-
va processors also had lower ventilator function values compared to the petty 
traders. These differences were statistically significant (P < 0.05). 

As shown in Figure 1, One hundred and seventy five representing 68% of 
cassava processors compared to 216 (87%) of petty traders had a normal venti-
latory function pattern. A higher proportion 55 (21%) of cassava processors 
compared to 16 (6%) of petty traders had an obstrcutive pattern. A higher pro-
portion 18 (7%) of cassava processors compared to 14 (6%) of petty traders had 
a possibly restrictive pattern. A combined pattern was seen in 10 (4%) of cassava 
processors compared to 3 (1%) of petty traders. These associations were statisti-
cally significant (P < 0.001). 

As shown in Table 3, Prevalence of obstructive pulmonary pattern among the 
cassava processors was 21.3% compared to 6.4% in petty traders (P < 0.001). The 
cassava processors were about six times more likely to have an obstructive venti-
latory function abnormality compared to petty traders (OR, 6.101, 95% CI, 3.212 
- 11.590). Respondents in the 50 - 60 years’ age group were almost seven times 
more likely to have an obstructive ventilatory function abnormality  

 
Table 2. Respiratory symptoms and pulmonary function parameters of participants 

Symptom  
Cassava processors 

n = 264 
Petty traders 

n = 264 
χ2 df P value  

Cough  60(22.7) 25(9.5) 17.18 1 <0.001* 

Phlegm  61(23.1) 29(11) 13.72 1 <0.001* 

Wheezing in 
the last one 

year  
27(10.2) 14(5.3) 4.47 1 0.05* 

Parameter  
Cassava  

processors (Mean 
± SD) n = 258 

Petty traders 
(Mean ± SD) 

n = 249 
t P-value  

FVC (liters) 2.11 ± 0.37 2.19 ± 0.28 2.772 0.007*  

FEV1(liters) 1.58 ± 0.38 1.72 ± 0.26 4.557 <0.001*  

FEV1/FVC% 74.12 ± 7.55 78.34 ± 5.05 7.375 <0.001*  

FVC-% of 
predicted (%)** 87.66 ± 11.05 90.41 ± 11.11 2.792 0.005*  

FEV1-% of 
predicted (%)** 83.34 ± 16.61 90.31 ± 11.11 5.154 <0.001*  

FEV1/FVC%-% 
percentage of 

predicted (%)** 
94.48 ± 9.87 100.43 ± 8.80 7.154 <0.001*  

**Nigerian reference values derived by Patrick and Femi-Pearse. Patrick, J.M., Femi, Pearse D. Reference 
values for FEV1 and FVC in Nigerian Men and Women: A graphical summary. Nigerian Medical Journal, 
(1976), 6, 380-385. 
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(a) 

 
(b) 

Figure 1. Comparison of the pulmonaryfunction patterns of cassava processors and petty 
traders. (a) n = 258, (b) n = 249, P < 0.001. 

 
Table 3. Logistic regression model for predictors of obstructive ventilatory function 
among the respondents (cassava processors and petty traders). 

Predictor variable B OR CI P-value 

Occupation as petty trader  1.00   

Occupation as cassava processor 1.809 6.101 3.212 - 11.590 <0.001* 

Age group < 30 years  1.00   

Age group 30 - 49 years 1.255 3.506 0.961 - 12.797 0.058 

Age group 50 - 60 years 1.917 6.805 1.764 - 26.235 0.005* 

<10 years in job  1.00   

≥10 years in job 2.702 14.916 5.077 - 43.820 <0.001* 

*P < 0.05 = statistically significant, OR = Odds ratio, CI = (95% Confidence interval), B = log odds ratio. 

 
compared to those below 30 years (OR, 6.803, 95% CI, 1.764 - 26.235). Cassava 
processors that had been at the job for ≥10 years were almost 15 times more 
likely to have an obstructive ventilatory function abnormality compared to those 
in the job for < 10 years (OR, 14.916, 95% CI, 5.077 - 43.820). 

4. Discussion 

Ventilatory function is influenced by factors such as age, sex and height [18]. 



T. J. Okwor et al. 
 

49 

The two groups were comparable with respect to the above parameters as 
majority of respondents were aged 30 - 49 years and there was no significant 
difference in age and height between the two groups. The two groups were 
different in terms of ethnicity with majority of cassava processors being of Igede 
ethnic group while the majority of petty traders were of the Yoruba ethnic 
group. This distribution of ethnic groups is a reflection of the prevailing socio 
demographic situation in Odogbolu. Anecdotal evidence indicates that the 
indigenes of Odogbolu who are of Yoruba ethnic group are land owners who 
then employ the services of people from other ethnic groups to work in the 
farms and also perform post harvest processes. The petty traders had higher level 
of education as evidenced by the higher proportion with secondary and 
post-secondary education compared to the cassava processors. Cassava process-
ing is mainly an unskilled job so it is not surprising that majority of the cassava 
processors had only primary education. Respondents were categorized into three 
income levels [26]. These mean incomes from both occupations were below the 
Nigerian minimum wage of = N = 18,000 [27]. This shows that the cassava 
processors and the petty traders are both in the low economic class in Nigeria.  

The results from this study show that the PM2.5, PM10 concentrations 
measured at the cassava processing workplaces exceeded the limits of PM2.5 
(0.025 mg/m3), PM10 (0.05 mg/m3) and TSP (0.25 mg/m3) set by WHO [4]. This 
means that the cassava processors are exposed to PM2.5 level that was twice the 
WHO limit and PM10 level that was about nine times higher than the set limit [4] 
[28]. The mean PM value measured at the work areas of the petty traders was be-
low the limits. Given that the metereological parameters known to affect PM 
distribution were the same at all the locations, it can be inferred that the cas-
sava processors are exposed to PM concentrations that are far higher than that 
of the petty traders. The implication of this is that while the petty traders work 
in an atmosphere that is free of harmful PM concentrations, their cassava 
processing counterparts work long hours in environments with harmful PM 
concentrations. These particulates are known to cause damaging health effects 
so they may be the contributory factor to the increased respiratory symptoms and 
lower ventilatoryfunction indices observed in the cassava processors. In animal 
models, exposure to toxic particulate matter has been associated with reduced lung 
compliance and decreased ventilatoryresponse [5]. Particulate matter PM10 and 
PM2.5 can be inhaled deeply into the lungs. The pathology due to biomass smoke 
exposure leads to respiratory tract infections, wheezing, chronic bronchitis and 
COPD [29]. In this study, it was also found that the prevalence of self reported 
respiratory symptoms which suggest underlying respiratory illness among the 
cassava processors was higher than that for the petty traders. These findings may 
be an indication that the particulate matter from exposure to biomass smoke has 
a damaging effect on the respiratory health of the cassava processors. The 
significantly higher prevalence of respiratory symptoms observed among the 
cassava processors exposed to biomass fuel at work was similar to findings in 
other studies where the differences observed between the symptoms reported by 
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respondents in study and control/comparison group were statistically significant 
(P < 0.05). A study conducted in Ekiti state Nigeria found that women using 
biomass fuel reported more respiratory symptoms compared to those that did 
not cook with biomass fuel [9]. Another study conducted among females 
occupationally exposed to biomass fuel while smoking fish in Oroyokoto village 
in the Niger Delta region of Nigeria also showed that the exposed women 
reported more respiratory symptoms compared to their controls [7]. These 
findings indicate that even in occupational settings, biomass burning seemed to 
pose a higher risk of respiratory symptoms among exposed compared to the 
non-exposed. 

The result of the ventilatory function tests indicate that all the ventilatory 
function parameters were lower in the cassava processors compared to the petty 
traders suggesting significant reductionof lung function in the cassava proces-
sors. Obstructive type of impairment was predominant. Like the present finding, 
several investigators have reported reductionin ventilatoryfunction in women 
chronically exposed to biomass smoke [8] [30] [31] [32]. The decrease in 
ventilatory function in the cassava processors who use biomass fuel may be due 
to chronic inhalation of particulate matter emitted during combustion of 
biomass leading to inflammatory changes. Some studies have established an 
association between lower values of lung function, airflow obstruction and 
chronic exposure to biomass fuel smoke. [8] [33] [34] [35] [36] Researchers in 
Ekiti state found that all the spirometric parameters evaluated were lower in 
women using biomass fuel compared to non-biomass fuel users (P < 0.05) [9]. 
Other studies in Nigeria also found a lower lung function parameters among 
biomass exposed women compared to the unexposed group [37]. Some studies 
have established an association between lower values of lung function, airflow 
obstruction and chronic exposure to biomass fuel smoke [2] [34] [38]. These re-
sults in the current study and the referenced ones have to be interpreted bearing 
in mind that it has been shown that exposed workers at baseline tend to have 
better overall health and pulmonary function than the general population, the 
so-called healthy worker effect. It is also known that workforce studies are often 
limited to a ‘‘survivor’’ population because of inability to assess or monitor 
workers who leave their jobs, thereby underestimating the chronic effects of 
occupational exposures [39] [40]. 

In this study, prevalence of obstructive pattern of ventilatory abnormality in 
cassava processors who burn biomass fuel at work was 21.3% while in petty 
traders who do not burn biomass fuel at work, the prevalence of an obstructive 
abnormality was 6.4%. The factors found to predict development of an 
obstructive ventilatory abnormality were burning biomass fuel in cassava 
processing (OR 6.101, CI 3.212 - 11.590), age group 50 years - 60 years (OR 
6.805, CI 1.764 - 26.235) working as a cassava processor for ≥10 years (OR 
14.916, CI 5.077 - 43.820). The role of age can be explained by the fact that older 
people are most likely to have been engaged in the job of cassava processing for 
longer which also means longer exposure to biomass fuel smoke. 
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Respirable particulate matter have been shown to lead to COPD and wood 
smoke from biomass exposure has been shown to be an independent risk factor 
for obstructive airways disease and earlier and longer time of exposure has been 
shown to increase the risk for development of COPD [28] [41]. In a study 
carried out among rural Guatemalan women, it was found that exposure to 
biomass smoke was associated with higher gene expression of multiple 
mediators of airway inflammation and remodelling. These mechanisms could 
expain some of these observed associations between prolonged biomass 
exposure and obstructive pattern of ventilatory function abnormality [42].  

Our findings that cassava processors who burn biomass were significantly 
more likely to have respiratory symptoms and have lower respiratory function 
and obstructive lung abnormality, points to where efforts may be directed and 
the country may focus additional attention and resources.  

Although, personal exposure of respondents to particulate matter was not 
done in this study it could be reasoned that the higher respiratory symptoms 
reported by the cassava processors and the lower ventilatory function measured 
in this group can be attributed to the high PM levels measured in their 
workplaces. This is in consideration of the fact that they do not use respiratory 
protective equipment at work and therefore they would inhale almost all PM 
released by the burning of the biomass fuel. 

5. Conclusion 

Cassava processors are exposed to very high levels of PM2.5 and P10 that are above 
the WHO standards. They have more respiratory symptoms, lower pulmonary 
function parameters and higher frequency of obstructive pulmonary defect 
compared to women not occupationally exposed to biomass. We advocate the 
use of more efficient fuel in cassava processing as well as the use of personal 
protective equipment by these vulnerable women to limit the harmful health ef-
fects of biomass among them. 

6. Limitations to the Study 

Even though limiting the period to 12 months theoretically reduces errors of re-
call [43], recall bias may still be unavoidable with self-reported data [44].  
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