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Abstract:

Background: Pulmonary function is an important marker of the effects of air pollution on the exposed population.

Mild to moderate reductions of FEV/FVC, FEV,, FEV1%, PEF, and FEF,5_75 have been associated with the exposure to biomass
burning in cross-sectional studies. Some hospital-based case-control studies, confirm that people exposed to biomass smoke have
high risk for developing airflow obstruction with significant reduction of FEV, and FEV,/FVC.

However, none of these studies has evaluated lung function parameters among charcoal smoke exposed food grillers.

Therefore this index study took a look at spirometric indices among food grillers exposed to charcoal smoke in Yenagoa, South-
South Nigeria.

Methods: This was a comparative observational cross-sectional study of charcoal smoke exposed spirometric indices of food
grillers compared to fruit sellers

The Medical Research Council (MRC) Questionnaire was administered to participants and a “one-On-one” interview was
conducted by the researcher using the questionnaires.Information obtained included socio-demographic characteristics such as
age, gender, marital status and level of education.

Spirometry was performed in accordance with the ATS/ERS using standard single reusable turbine spirometer (MIR Spirobank Il
Basic; manufactured by P & A Medical Limited). Spirograms that met the ATS/ERS criteria for acceptability were used.
Information obtained with the spirometer were FEV,, FVC, FEV,/FVC, PEF and FEF_;s.

A portable HANA analogue weight machine was used to weigh the study participants and a flexible plastic tape measure was used
to measure the heights of participants

Results: A total of one hundred and sixty (160) participants made up of eighty (80) food-grillers and fruit-sellers (controls)
respectively were recruited for this study.

A normal lung function pattern was found in 60 (75.0%) of food-grillers and 72 (90.0%) of controls. This shows that more fruit-
sellers had normal lung function pattern, and this was statistically significant (p = 0.013). Obstructive pattern was found in 16
(20.0%) of food-grillers and 6 (7.5%) of controls (p = 0.022).

The mean lung function values for food-grillers compared to fruit sellers were: FEV,=2.8+0.5L vs 3.2+0.5 (72.3+5.8% predicted);
FVC=3.6+0.6L vs 3.9+0.8 (76.8+6.6% predicted), FEV,/FVC=78.5+4.9 vs 85.3 £5.3 (77.1+5.4% predicted); PEF=5.7+ 1.2L/s vs
6.9 £2.9 (81.6+7.3% predicted) and FEF,5,5=2.84+0.8L/s vs 3.0 (£0.4) (80.5+15.3% predicted). The values were statistically
different between food-grillers and controls (p < 0.001).

Conclusion:
1. Exposure to charcoal smoke is associated with the development of lung function abnormalities and reduction in lung function
parameters.

2. Increasing exposure time to charcoal smoke increase the likelihood of lung function abnormalities.

Keywords: Spirometric indices, food grillers, charcoal smoke.

Background disease and death.! Studies have demonstrated both acute and
Pulmonary function is an important marker of the effects of air chronic decline in lung function with exposure to air pollutants
pollution on the exposed population, as well as being an early, in children, adolescents, healthy adults, and individuals with a
objective, and quantitative predictor of cardiorespiratory history of respiratory disease."Mild to moderate reductions of
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FEV./FVC, FEV,, FEV,%, PEF, and FEF,5 ;s have been
associated with the exposure to biomass burning in cross-
sectional studies.”*

Other studies, mainly hospital-based case-control studies,
confirm that people exposed to biomass smoke have high risk
for developing airflow obstruction with significant reduction
of FEV, and FEV,/FVC.***Maternal exposure to biomass
smoke has been associated with low birth weight in
infants,’with possible impairment of lung growth and
development and impact on adult respiratory function and
diseases.

A cross-sectional comparative study by ObiebilP, et al,
showed lung function impairment among charcoal workers
and matched controls in an informal occupational setting in
southern Nigeria.?

A study by Olujimi OO, et al, on air quality index from
charcoal production sites, carboxyhaemoglobin and lung
function among exposed charcoal workers in south western
Nigeria showed that charcoal workers are exposed to high
levels of CO and PM2.5, contributing to lowered respiratory
functions for FEV1 and PEFR and high levels of COHb
compared to the control group.’

Another study by Ofori SN, et al demonstrated association
between choice of cooking fuel and abnormal peak expiratory
flow rate(PEFR) among rural women in the Niger Delta.*
However, none of these studies has evaluatedlung function
parameters among charcoal smoke exposed food grillers.
Therefore, this index study is taking a look at spirometric
indices among food grillers exposed to charcoal smoke in
Yenagoa, South-South Nigeria.

Materials and Method

The study was conducted in Yenagoa, the capital city of
Bayelsa State, South-South, Nigeria. The city has an estimated
population of 24,335 inhabitants with people of ljaw ethnic
extraction as the dominant percentage of the population.
Bayelsa is essentially a civil service state and there are no
industrial activities in Yenagoa, where this study was
conducted. Majority of the population of Yenagoa is made up
of civil servants.

The sample size was rounded off to a total of 80 persons for
the study. Also, an equal number of fruit-sellers were recruited
as controls, making the total sample size to be 160.

Two-stage cluster sampling was used to recruit participants to
make up the desired sample size of 160 participants, eighty
(80) each, for food-grillers and controls.

Inclusion criteria for food-grillers:

1. Current use of wood charcoal for food-grilling for at least
four (4) weeks.
2. Adults between 18 — 60 years who gave consent.

Exclusion criteria for food-grillers:

1. Age less than 18 years or above 60 years.
2. Use of energy sources other than wood charcoal for food-
grilling.
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3. History of chronic lung disease prior to working as food-
griller.

4. Previous or current cigarette smoking.

5. Engagement in other occupations that cause air pollution
such as road construction work, painting, road traffic
officer, petroleum worker, etc.

Inclusion criteria for controls:
1. Fruit-sellers between 18 — 60 years who gave consent.
Exclusion criteria for controls:

1. Age less than 18 years and above 60 years formed a total
of 160 participants, eighty (80) each, for food-grillers and
controls.

2. Use of energy sources other than wood charcoal for food-
grilling.

3. History of lung disease.

Previous or current cigarette smoking.

5. Engagement in other occupations that cause air pollution
such as road construction work, painting, road traffic
officer, petroleum worker, etc.

e

Inclusion criteria for controls:

1. Fruit-sellers between 18 — 60 years who gave consent.
Exclusion criteria for controls:

1. Age less than 18 years and above 60 years.

The Medical Research Council (MRC) Questionnaire™ was
administered to participants and a “one-on-one” interview was
conducted by the researcher using the questionnaires.
Information obtained included socio-demographic
characteristics such as age, gender, marital status and level of
education. Other information obtained with the questionnaire
were respiratory symptoms such as cough, shortness of breath,
production of phlegm, chest pain, chest tightness and wheeze
as well as smoking and alcohol history. Additional
information in the questionnaire were source of energy for
domestic cooking, limitation of daily activities and sleep, and
information on duration of food-grilling with charcoal.

Spirometer:

A standard single reusable turbine spirometer (MIR Spirobank
Il Basic; manufactured by P & A Medical Limited) was used
to assess lung function in the participants. Information
obtained with the spirometer were FEV,, FVC, FEV,/FVC,
PEF and FEFs.7s.

Weight machine:

A portable HANA analogue weight machine was used to
weigh the study participants.

Tape measure:

A flexible plastic tape measure was used to measure the
heights of participants.

Pulse oximeter:

A portable pulse oximeter (Gurin Finger Pulse Oximeter) was
used to measure oxygen saturation and pulse rates of the study
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participants.
Procedure:

Spirometry was performed in accordance with the
ATS/ERS.*Spirograms that met the ATS/ERS criteria for
acceptabilitywere used.

The highest of three spirograms which meet the acceptability
criteria was chosen for evaluation of lung function.

The following measurements were obtained from spirometry:

a. FEV;: Forced Expiratory Volume in one second, defined
as the maximal volume of air forcefully exhaled in the
first second from total lung capacity.*®

b. FVC: Forced Vital Capacity, defined as the maximal
volume of air forcefully exhaled following maximal
inspiration.™

c. FEV,/FVC: Ratio of FEV; to FVC."

PEF: Peak Expiratory flow, defined as the maximum
flow rate generated during a forceful exhalation, starting
from total lung capacity.’*FEF,.+s: Forced expiratory
flow at 25-75% of FVC, otherwise known as Maximum
Mid Expiratory flow (MMEF).*

The lung function patterns assessed were:

Table 1: Sociodemographic characteristics

e Normal: FEV,/FVC > 0.7 with normal FEV, and FVC.

e  Obstructive: FEV,/FVC < 0.7.

e Restrictive: FEV,/FVC normal or high with reduced
FEV; and FVC.

e Mixed: FEV/FVC < 0.7 with both FVC and FEV;
reduced.

e ETHICAL CONSIDERATIONS

Ethical approval for the study was obtained from the Research
and Ethics Committee (REC) of the Niger Delta University
Teaching Hospital (NDUTH), Okolobiri.

Results
A total of one hundred and sixty (160) participants made up of
eighty (80) food-grillers and fruit-sellers (controls)

respectively were recruited for this study. Table 1 shows that
the mean age was 34.5+9.5 years for food-grillers and
33.517.6 years for controls. Most of the study population were
females (55, 68.7% for food-grillers and 61, 76.2 for controls).
The average number of years of food-grilling was 5.1 (= 3.7)
years and 5.8 (+ 3.6) years for controls (t = 1.27). There was
no statistical difference in the duration of each occupation ( p
value = 0.206)

Characteristics Total Food Grillers Fruit Seller X2 df pValue
N =160 (%0) N =80 (%) N =80 (%0)

Sex
Male 44 (27.5) 25 (31.3) 19 (23.8) 1.13 1 0.288
Female 116 (72.5) 55 (68.7) 61 (76.2)

Age group

< 25 years 15 (9.4) 10 (12.5) 5 (6.3) 4.95 4  0.292
25— 34 years 72 (45.0) 31(38.8) 41 (51.2)
35 — 44 years 55 (34.4) 28 (35.0) 27 (33.8)
45 — 54 years 13(8.1) 7 (8.8) 6 (7.5)
> 55 years 5(3.1) 4 (5.0) 1(1.3)

Mean Age (£SD) in years 34.0 (8.6) 345 (£9.5) 33.5(x7.6) t=0.69 0.493

Marital Status
Single 82 (51.2) 32 (40.0) 25 (31.3) 8.22 3 0.042
Married 65 (40.6) 40 (50.0) 25 (31.3)
Separated 7(4.4) 4 (5.0) 3(3.8)
Widowed 6 (3.8) 4 (5.0) 2 (2.6)

Religion
Christian 129 (80.6) 57 (71.3) 72 (90.0) 9.00 1  0.003
Muslim 31(19.4) 23 (28.7) 8 (10.0)

Level of Education
No formal Education 21 (13.1) 14 (17.5) 7(8.8) 4.92 3 0.178
Primary 20 (12.5) 10 (12.5) 10 (12.5)
Secondary 96 (60.0) 42 (52.5) 54 (67.5)
Tertiary 23 (14.4) 14 (17.5) 9(11.2)

Duration of Practice of the trade
1 -5 years 94 (58.8) 50 (62.5) 44 (55.0) 1.46 2 0481
6 — 10 years 50 (31.3) 24 (30.0) 26 (32.5)

>10 years 16 (10.0) 6 (7.5) 10 (12.5)

Mean Duration(SD) in years 5.5 (+ 3.6) 51(x3.7) 5.8 (3.6) t=1.27 0.206
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A normal lung function pattern was found in 60 (75.0%) of food-grillers and 72 (90.0%) of controls (table 2). This shows that
more fruit-sellers had normal lung function pattern, and this was statistically significant (p = 0.013). Obstructive pattern was
found in 16 (20.0%) of food-grillers and 6 (7.5%) of controls (p = 0.022).

Table 2: Lung Function patterns among food-grillers and Controls

Characteristics Total Food Grillers Fruit Seller x2 P
Value
N =160 (%0) N =80 (%) N =80 (%)

Lung Function Pattern
Normal 132 (82.5) 60 (75.0) 72 (90.0) 6.20 0.013*
Obstructive 22 (13.8) 16 (20.0) 6 (7.5) 5.27 0.022*
Restrictive 5(3.1) 3(3.8) 2 (2.5) 0.21 0.651
Mixed 1(0.6) 1(1.2) 0(0.0) 0.01 0.316

* Statistically significant parameters

As shown in table 3, the mean lung function values for food-grillers were: FEV,=2.8+0.5L ( 72.3£5.8% predicted);
FVC=3.6+0.6L (76.8+6.6% predicted), FEV,/FVC=78.5+4.9% (77.1+5.4% predicted); PEF=5.7+ 1.2L/s (81.6+7.3% predicted)
and FEF,.75=2.8+0.8L/s (80.5+15.3% predicted). The lung function parameters and mean values for controls are also shown in
table 3. The values were statistically different between food-grillers and controls (p < 0.001).

Table 3: Lung function Parameters

t-Test

Parameter Total Food Grillers Fruit pValue
Seller

Mean (£SD) Mean (£SD) Mean (£SD)
Absolute values
FEV.(L) 3.0 (x0.6) 2.8 (£0.5) 3.2 (x0.5) 5.08 <0.001*
FVC (L) 3.7 (x0.7) 3.6 (x0.6) 3.9 (x0.8) 2.58 0.011*
FEV./FVC (%) 81.9 (x12.0) 78.5 (£4.9) 85.3 (¢5.3) 3.69 <0.001*
PEF (L/s) 5.6(x1.7) 5.7(x1.2) 6.9 (£2.9) 9.35 <0.001*
FEF25-75 (L/s) 3.5(x1.2) 2.8 (£0.8) 3.0 (x0.4) 6.97 <0.001*
Percentage predicted
FEV (%) 80.8(x7.1) 72.3(5.8) 86.7(+6.5) 4.17 <0.001*
FVC (%) 77.3(5.8) 76.8(16.6) 84.3(x5.1) 3.04 <0.001*
FEV,/FVC (%) 80.4(7.2) 77.1(5.4) 88.1(6.2) 378  0.012*
PEF (%) 82.8(x8.1) 81.6(x7.3) 90.4(+4.9) 8.22 <0.001*
FEF25.75(%) 85.0(x£12.6) 80.5(x15.3) 89.8(+10.8) 5.81 0.115

* Statistically significant parameters

Lung function abnormalities is significantly associated with the occupation of the participants in the study. The odds of having an
abnormal lung function was 3 times more among food-grillers (OR — 3.0; 95%Cl: 1.23 — 7.29; p — 0.015) when compared to the
fruit-seller (Table 10). Other factors include increasing age (OR 1.05; 95%CI: 1.00 — 1.50; p — 0.050), BMI (OR - 1.16;
95%CI:1.01 — 1.34; p — 0.036), number of hours participants worked per day (OR — 1.35; 95%Cl: 1.09 — 1.66; p — 0.004), number
of days worked per week (OR —0.33; 95%CI: 0.16 — 0.66; p — 0.002), concentration of PM, 5 (OR — 1.04; 95%Cl: 1.01 - 1.06; p —

0.013) and PMy, (OR — 1.03; 95%Cl: 1.01 — 1.05; 0.015).

Table 4: Factors relating to the presence of lung function abnormalities

Independent Variable B OR 95%CI pValue
Min Max

Age 0.05 1.05 1.00 1.10 0.050*
BMI 151 1.16 1.01 1.34 0.036*
Food-grilling 1.10 3.00 1.23 7.29 0.015*
Hours per day 0.29 1.35 1.09 1.66 0.004*
Number days per week -1.11 0.33 0.16 0.66 0.002*
Number of Years 0.03 1.03 0.93 1.15 0.578

PM, 5 0.04 1.04 1.01 1.06 0.013*
PMyq 0.03 1.03 1.01 1.05 0.015*

* Statistically significant parameters
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As shown in table 5 below, the mean lung function values for food-grillers were: FEV;=2.8+0.5L (72.3+5.8% predicted);
FVC=3.6+0.6L (76.8+6.6% predicted), FEV,/FVC=78.5+4.9% (77.1+5.4% predicted); PEF=5.7+ 1.2L/s (81.6+7.3% predicted)
and FEF,5,5=2.84+0.8L/s (80.5+15.3% predicted). The lung function parameters and mean values for controls are also shown in
table 5. The values were statistically different between food-grillers and controls (p < 0.001).

Table 5: Lung function Parameters

Parameter Total Food Grillers Fruit tTest pValue
Seller

Mean (£SD) Mean (£SD) Mean (xSD)
Absolute values
FEV,(L) 3.0 (£0.6) 2.8 (x0.5) 3.2 (x0.5) 5.08 <0.001*
FVC (L) 3.7 (x0.7) 3.6 (£0.6) 3.9 (x0.8) 2.58 0.011*
FEV/FVC (%) 81.9 (12.0) 78.5 (£4.9) 85.3 (¢5.3) 3.69 <0.001*
PEF (L/s) 5.6(x1.7) 5.7(x1.2) 6.9 (£2.9) 9.35 <0.001*
FEF25-75 (L/s) 3.5(x1.2) 2.8 (x0.8) 3.0 (£0.4) 6.97 <0.001*
Percentage predicted
FEV1(%) 80.8(x7.1) 72.3(5.8) 86.7(+6.5) 4.17 <0.001*
FVC (%) 77.3(£5.8) 76.8(6.6) 84.3(x5.1) 3.04 <0.001*
FEV./FVC (%) 80.4(£7.2) 77.1(£5.4) 88.1(6.2) 378  0.012*
PEF (%) 82.8(+8.1) 81.6(£7.3) 90.4(+4.9) 8.22 <0.001*
FEF,5.75(%) 85.0(x12.6) 80.5(x15.3) 89.8(+10.8) 5.81 0.115

* Statistically significant parameters

Lung function abnormalities is significantly associated with the occupation of the participants in the study. The odds of having an
abnormal lung function was 3 times more among food-grillers (OR — 3.0; 95%Cl: 1.23 — 7.29; p — 0.015) when compared to the
fruit-seller (Table 6). Other factors include increasing age (OR 1.05; 95%CI: 1.00 — 1.50; p — 0.050), BMI (OR - 1.16;
95%CI:1.01 — 1.34; p — 0.036), number of hours participants worked per day (OR — 1.35; 95%CI: 1.09 — 1.66; p — 0.004), number
of days worked per week (OR — 0.33; 95%CI: 0.16 — 0.66; p — 0.002), concentration of PM, 5 (OR — 1.04; 95%Cl: 1.01 — 1.06; p —
0.013) and PMy4 (OR —1.03; 95%Cl: 1.01 — 1.05; 0.015)

Table 6: Factors relating to the presence of lung function abnormalities

Independent Variable B OR 95%ClI pValue
Min Max

Age 0.05 1.05 1.00 1.10 0.050*
BMI 1.51 1.16 1.01 1.34 0.036*
Food-grilling 1.10 3.00 1.23 7.29 0.015*
Hours per day 0.29 1.35 1.09 1.66 0.004*
Number days per week -1.11 0.33 0.16 0.66 0.002*
Number of Years 0.03 1.03 0.93 1.15 0.578

PM,s 0.04 1.04 1.01 1.06 0.013*
PMyg 0.03 1.03 1.01 1.05 0.015*

* Statistically significant parameters
Discussion Several studies'***®*'have demonstrated an association
This index study investigated the lung function patterns  between biomass fume exposure and the development of
among the food grillers study population compared to the obstructive airway disease. One of the first associations of
control. The study showed that majority of participants had a ~ biomass smoke with obstructive lung disease was reported by
normal lung function pattern. However, of the abnormal lung ~ Woolcock et al.**in New Guinea. Since then, many reports of
function patterns, which were obstructive, restrictive and  this association have emerged from different parts of the
mixed patterns, more participants had obstructive lung ~ world.***SanaA, et al. conducted a systematic review and
function pattern than restrictive and mixed patterns meta-analysis?®® on chronic obstructive pulmonary disease
respectively. This was more with food-grillers than the associated with biomass fuel use in women. A total of 24
controls (20.0% vs 7.5%). The severity of airway obstruction ~ studies were analysed, and demonstrated significant
was mild to moderate. It was also observed from the study that ~ association between biomass smoke exposure and COPD. In
small airway obstruction as extrapolated from the percentage ~ another study, Om PK, et alinvestigated reduced lung function
predicted of FEF,5.,5 was conspicuously more with food- due to biomass smoke exposure in young adults in rural Nepal.
grillers compared to controls (Table 3). One of the conclusions drawn in that study was thatthe
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prevalence of airflow obstruction in the biomass smoke-
exposed population was significantly higher than that in the
non-biomass-exposed group.?’

These studies all had similar findings with the current study.
However, the cross-sectional comparative study conducted by
Obiebi IP, et al, which examined lung function impairment
among charcoal workers and matched controls in an informal
occupational setting, reported that restrictive impairment was
more prevalent in charcoal workers than controls.® The
discrepancy in the findings can be accounted for by the fact
that in the cited study, participants were strictly involved in
production of wood charcoal. Charcoal production is
associated with generation of significant amount of
dust.®®**Therefore, they could risk exposure to more of
charcoal dust rather than smoke compared with food-grillers,
who were exposed to more of a mixture of charcoal smoke and
other emissions from the grilled food. Dust inhalation is more
likely to give rise to a pneumoconiosis, which is typically
associated with a restrictive lung function pattern, rather than
obstructive.

In the current study, it turned out that lung function parameters
were significantly reduced among food-grillers compared with
controls (Table 3). Various studies both within and outside
Nigeria have consistently demonstrated that exposure to
biomass emissions is associated with reduced lung function
parameters®®%*|n one case-control study, Baran B and
colleagues investigated the effects of biomass smoke on
pulmonary function. These investigators noted lower lung
function parameters among those exposed to biomass
fumes.**Birsen O and co-workers, in a different
study*'evaluated the impact of exposure to biomass smoke vs
cigarette smoke on serum inflammatory markers and
pulmonary function parameters in patients with chronic
respiratory failure (CRF). These researchers also concluded
from their study that there were similarly increased
inflammatory markers and abnormally low pulmonary
function test findings in both biomass smoke exposure and
cigarette smoke exposure groups, emphasizing that the
adverse effects of biomass smoke exposure on lungs is as
significant as cigarette smoke exposure.

This study also revealed significant relationship between lung
function abnormalities and food-grilling as an occupation;
food-grillers were about three (3) times more likely to develop
abnormal lung function patterns than controls (Table 6). Other
factors relating to the development of lung function
abnormalities were increasing age, body mass index (BMI),
number of hours at work per day, number of days worked per
week.

One important factor to consider in the assessment of exposure
to a substance, is the duration of exposure.*>**The more time
an individual spends around the vicinity of a toxic substance,
the more the exposure to the substance and the more the
chances of being affected by the toxic effects of that
substance. Therefore, the relationship between increasing
number of hours and increasing number of days of food-
grilling and lung function abnormalities, as was observed in
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the current study, was not surprising.
Conclusions

The following conclusions were drawn from the study:

3. Exposure to charcoal smoke is associated with the
development of lung function abnormalities and reduction
in lung function parameters.

4. Increasing exposure time to charcoal smoke increase the
likelihood of lung function abnormalities.

Recommendations

From the study outcomes, the following recommendations
were made:

1. An alternative source of energy such as electricity and
liquefied natural gas should be used for food-grilling to
minimize the emissions generated during the process.

2. Food-grillers using charcoal should use personal
protective equipment such as face masks and face shields
during their occupational activities to prevent the level of
exposure to noxious emissions generated during the
process. This should be backed up and enforced with
government and WHO policies.

3. Food-grillers using charcoal should have regular medical
check-ups, including periodic spirometry to assess their
lung functions.

4. A larger study would be necessary to adequately assess
the health implications of local food-grilling with
charcoal.

Limitations

1. The study was limited to Yenagoa alone and may require
a larger area to increase the strength.

2. Some measurements and investigations such as arterial
blood gas and chest radiograph were not done due to
financial constraints. These would probably have
uncovered more findings in the study.
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