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Abstract This study was conducted to establish the effects of flour dust on the lung functions and cardiovascular 

variables of local flour mill workers in Ijebu Ode Local Government Area of Ogun State, Nigeria. This study involved 

35 local flour mill workers and matched controls. The subjects were matched for age, height, weight and 

socioeconomic status. The pulmonary function tests were done with a portable spirometer. The heart rate and blood 

pressure of subjects and controls were measured using a digital blood pressure monitor whereas the peripheral oxygen 

saturation was measured using a pulse oximeter. Independent T-test was used to test the differences in 

cardiopulmonary variables between the exposed flour mill workers and their matched controls. Regression analysis 

was used to investigate the effect of duration of exposure to flour dust on lung volumes. Significant reduction in the 

overall mean values of Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV1), and Peak 

Expiratory Flow Rate (PEFR) was observed in the local flour mill workers relative to their matched controls; mean 

FVC was decreased in the exposed group (1.28±0.13L) when compared with control group (1.90±0.09L) (p<0.001), 

mean FEV1 was significantly decreased when exposed group (0.99 ± 0.11L) was compared with the control group 

(1.553 ± 0.0636L) (p<0.0001), likewise the mean PEFR was significantly decreased when exposed group (2.09 ± 

0.25L/min) was compared with the control group (3.88 ± 0.23L/min) (p<0.001). Heart rate was significantly increased  

when exposed group (86.71 ± 1.92) was compared with the control group (77.6 ± 1.48) (p<0.001); the systolic blood 

pressure was insignificantly increased when exposed group (138.7 ± 5.69) was compared with the control group (131.5 

± 2.642) (p<0.208), the Diastolic Blood Pressure was however significantly increased when exposed group (86.94 ± 

2.77) was compared with the control group (79.86 ± 1.79) (p<0.021). Significant negative correlation for the r values 

were found when FVC, FEV1 and PEFR were regressed on duration (in years) of exposure to flour dust. The 

FEV1/FVC ratio of the exposed flour mill workers was on average of 80.5%. Significant reduction in FVC, FEV1, 

PEFR and yet a normal FEV1/FVC ratio is indicative of restrictive pattern of pulmonary disorder. 
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Introduction 

Lung diseases can be grouped into obstructive, 

restrictive or combination forms. Spirometry is 

a  common test used to assess how well your lungs 

work by measuring how much air you can inhale, how 

much you can exhale and how quickly you can exhale. 

Spirometry is useful in the diagnosis of these diseases 

and shows how restriction or obstruction affects 

pulmonary function (Meo & Al-Drees, 2005). 

Airborne particles may be inhaled through the nasal or 

oral route. Factors such as breathing rate, movement 

of air round the body etc, affects the quantity and level 

of assimilation of these particles. The inhaled particles 

may then either be deposited or exhaled again, 

depending on a whole range of physiological and 

particle-related factors. Sedimentation, a process 

whereby particles settle down and impaction, whereby 

the particles are packed together are the most 

important means whereby particles inhaled are 

deposited in various regions in the different regions of 

the respiratory tracts. (Lippmann, 1977). 

Forced vital capacity (FVC) is the maximal volume of 

air that can be forcibly expelled from the lungs from a 

position of maximal inhalation. It indicates lung 

volume. Forced expiratory volume in 1 second (FEV1) 

is the maximal volume of air exhaled in the first 

second of an FVC manoeuvre. In individuals with 

normal lung function this is 75–80% of FVC. FEV1 

reflects the mechanical properties of the large and 

medium sized airways. Forced expiratory ratio 

(FEV1/FVC or FER%) is the ratio of FEV1 to FVC, 

expressed as a percentage. This ratio is decreased in 

obstructive lung disorders and normal in restrictive 

lung disorders. In an adult, a normal FEV1/FVC ratio 

is 70% to 80%. If restriction is suspected, further 

testing with static lung volumes may be required 

(Miranda, Brigitte and Matthew, 2011).  
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In Nigeria, various studies have shown the role of 

occupational exposure to environmental pollutants in 

the incidence of respiratory diseases in various 

occupational settings such as Ventilatory function of 

workers at Okpella cement factory in Nigeria by 

Alakija et al., (1990);  Respiratory symptoms and 

ventilatory function of the saw millers in Ibadan, 

Nigeria by Ige and Onadeko (2000);  An 

epidemiological study of the health status of sawmills 

workers in Benin City, Edo State, Nigeria by Okojie et 

al., (2003); Lung function status of workers exposed 

to wood dust in timber markets Calabar, Nigeria by 

Okwari et al., (2005); Pilot health survey among 

Enugu coal miners by Ogakwu, (1973) and pattern of 

disease and injury among road construction workers in 

Plateau and Bauchi areas Northern Nigeria by Jinadu, 

(1980), but very little attention has been paid to the 

health status of workers in the localized small scale 

flour processing industries. 

The respiratory diseases caused as a result of exposure 

to flour dust are influenced by the chemical 

composition of the dust, the level of exposure and 

duration of exposure (Subbarao et al., 2009). The 

American Conference of Governmental Industrial 

Hygienists (ACGIH) defines flour as a complex 

organic dust consisting of wheat, rye, millet, barley, 

oats or corn cereal, or a combination of these, which 

have been processed or ground by milling (Karpinski, 

2003). Flour dust is a respiratory sensitizer and as such 

can initiate reactions when exposed to the respiratory 

tract (Jeffrey et al., 1999; Mohammadien et al., 2013). 

Industries such as flour mills, cement plant and 

sawmills generate dust, which is diffused into the air 

and later inhaled (Abdulsalam et al., 2015).  

Not much has been done on the effects of flour dust on 

pulmonary function and cardiovascular parameters of 

local flour mill workers in Nigeria. A very similar 

study done over 13 years ago reported on the 

respiratory effects of flour dust on flour mill workers 

on an industrial flour mill but did not investigate their 

pulmonary function parameters with respect to 

variation in the duration of exposure judging by the 

differences in the number of years spent at the flour 

mill. Though the study reported decline in pulmonary 

function tests of exposed groups when compared to 

control, it did not investigate if these declines have an 

effect on cardiovascular variables (i.e. blood pressure, 

heart rate and peripheral oxygen saturation) of the 

exposed group (Ijadunola et al., 2004). This study was 

therefore conducted to assess the impact of flour dust 

exposure on pulmonary function and cardiovascular 

parameters of local flour mill workers in Ijebu Ode 

Local Government Area of Ogun State, Nigeria. 

Materials and Methods 

An ex-post facto research design was used for this 

study. Thirty five (35) flour mill workers and thirty 

five (35) controls matched for age, height and weight 

took part in this research. The flour mill workers 

selected for this study formed the exposed group while 

the matched controls formed the control group. The 

subjects that formed exposed group were further 

divided based on duration of exposure to flour dust.  

The baseline measurements were taken, recorded and 

evaluated using independent t-test analysis, whereas 

the impact of duration of exposure on pulmonary 

function was analyzed using regression analysis.  

Research Variables Measured 

The variables measured were:- Forced Vital Capacity 

(FVC), Forced Expiratory Volume in one second 

(FEV1), Peak Expiratory Flow Rate (PEFR); 

Peripheral Oxygen Saturation (SpO2); Heart Rate 

(HR); Systolic Blood Pressure (SBP) and Diastolic 

Blood Pressure (DBP). 

Criteria for Selection 

The participants were both male and female local flour 

mill workers within Ijebu Ode Local Government 

Area of Ogun State, within the age range of 20-60 

years, with unprotected exposure to flour dust on a 

daily basis. 

Participants were found to be free from gross clinical 

abnormalities of the vertebral column, thoracic cage, 

neuromuscular diseases, known cases of gross anemia, 

diabetes mellitus, chronic bronchitis, emphysema, 

bronchial asthma, tuberculosis, ischemic heart 

diseases, malignancy, drug addiction, cigarette 

smoking and subjects who had undergone vigorous 

exercise, abdominal or chest surgery. 

Exclusion Criteria 

Subjects with gross clinical abnormalities of the 

vertebral column, thoracic cage, neuromuscular 

diseases, known cases of gross anemia, diabetes 

mellitus, chronic bronchitis, emphysema, bronchial 

asthma, tuberculosis, ischemic heart diseases, 

malignancy, drug addicts, cigarette smokers, tobacco 

chewers and subjects who had undergone vigorous 

exercise, abdominal or chest surgery were excluded 

from the study. 

Inclusion Criteria 

(1) Gender:- male and female.  

(2) Age:- 20 to 60 yrs.  

(3) Duration of work in Flour Mill:- at least 2 years.  
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(4) Absence of use of any protective equipment at 

working place.  

 

 

 

Materials 

The following instruments were used to collect data 

for this study. 

Blood pressure monitor (Model: BSX500), Baseline 

pulse oximeter (Model: 12-1926), Portable Spirometer 

(CONTEC Sp10 Model), Nose Clip, Body Weighing 

Scale (Hanson Model RGZ-160) and Seca Height 

Scale. 

Methods 

 Age: The ages of the participants in the year 

as at last birthday was recorded. 

 Gender: The genders of the participants 

were both male and female (and were represented as 

M and F). 

 Body Weight: The participant’s weight were 

measured with participants putting on light apparel 

and instructed to stand barefooted on the weighing 

scale looking straight ahead with both upper limbs by 

their sides. Zero error was eliminated by adjusting the 

control of the scale. 

 Height: The participants were asked to take 

off their cap and shoes and stand erect on the base of 

the height meter, looking straight ahead with the 

heels together, knees extended and back against the 

height meter. Measurements were taken by bringing 

the horizontal bar of the height meter to touch the 

subject’s vertex without undue pressure. The height 

was read off through the indicator and recorded. 

 Blood pressure: On arrival at the venue of 

study, the subject were asked to sit down and thereafter 

the cuff of the digital blood pressure monitor was 

wrapped evenly and snugly around the left arm while 

the left arm freed from clothing of the participant 

above the site of the brachial artery, at the antecubital 

crease, is held at heart level, roughly at the junction of 

the 4th intercostals space with the sternum. The digital 

sphygmomanometer measured the blood pressure 

values and the heart rate which were duly recorded. 

 Measurement of the Pulmonary 

Variables: For the FVC, FEV1 and PEFR maneuver, 

subject’s nose was clipped and instructed to take 

maximum deep inspiration as much as possible and 

hold it, then mouth piece was kept firmly in the mouth 

between lips so as to avoid escape of any air, then 

asked the subject to blow out forcefully and as fast and 

as long as much possible into the mouth piece and by 

doing this values of FVC, FEV1 and PEFR were 

obtained and duly recorded. 

 

Statistical analysis 

The descriptive statistics of mean, standard deviation 

and inferential statistics was used for this study. Data 

after collection was grouped based on various 

hypotheses formulated for testing in this study, 

thereafter, the data were subjected to statistical tests. 

Independent T-test analysis was carried out with the 

aid of SPSS v. 20 while regression analysis was 

carried out with the aid of XLSTAT 2015 for 

Windows at 0.05 level of significance. The overall 

mean pulmonary function data were correlated against 

the duration of exposure. Linear regression was 

applied in the correlation of the relationship between 

duration of exposure and spirometric values and the 

equation y = mx + c was derived with the correlation 

coefficient (r), where “y” means spirometric value, 

“m” stands for the slope of the graph, “x” indicates 

years of exposure and “c” is a constant. The r2-value 

was used to determine the level of correlation 

significance. 

 

 

Results and Discussion 

This section gives the result of the analysis derived 

from this study.  
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Table 1: Demographic Characteristics of the study population. 

Parameters Mean± Std. Deviation Sig. (2-tailed) 

Age (year) 

Exposed 49.03± 0.14 

0.101 

Control 52.94± 1.77 

Height (m)  

Exposed 1.53± 1.44 

0.100 

Control 1.51± 1.23 

Weight (kg) 

 

Exposed 68.829± 1.35 

0.612 

Control 70.543± 2.78 

Significant (p < 0.05)  

The result in Table 1 shows no significant outcome for 

age, height and weight (p=0.101, 0.100 and 0.612 

respectively) between the exposed and control groups, 

hence we conclude that there is no significant 

difference between the two group in terms of age, 

height and weight.  

Table 2: Pulmonary Function Tests of the Study Population. 

Parameters Mean± Std. Deviation Sig. (2-tailed) 

FVC (liters) Exposed 1.28±0.77 0.000 

Control 1.90±0.53 

FEV1 (liters) Exposed 0.99±0.68 0.000 

Control 1.55±0.38 

PEFR 

(liters/min) 

Exposed 2.09±1.47 0.000 

Control 3.88±1.36 
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SPO2(%) Exposed 97.09±1.93 0.550 

Control 97.31±1.16 

FEV1/FVC Exposed 0.81±0.19 0.501 

Control 0.84±0.15 

Significant (p < 0.05)  

The result in Table 2 is on pulmonary variables of the 

study populations. The findings indicated that there is 

a significant reduction in the mean Forced Vital 

Capacity (FVC), Forced Expiratory Volume in 1 

second (FEV1) and Peak Expiratory Flow Rate (PEFR) 

(p < 0.001) when the exposed group was compared 

with the control group, hence the mean values of 

pulmonary functions test was significantly higher in 

the control group when compared with the exposed 

group. However there is no significant difference in 

the Peripheral Oxygen Saturation (SpO2) and 

FEV1/FVC ratio (p = 0.550 and 0.501 respectively) 

between the exposed and control groups.  

Table 3: Cardiovascular Parameters of the Study Population. 

Parameters Mean± Std. Deviation Sig. (2-tailed) 

Systolic Blood 

Pressure 

Exposed 138.69±33.66 0.261 

 Control 131.57± 15.63 

Diastolic Blood 

Pressure 

Exposed 86.94±16.37 0.035 

Control 79.861±10.58 

Heart Rate Exposed 86.71±11.34 0.000 

Control 77.60±8.75 

Significant (p < 0.05)  

The result in Table 3 shows no significant difference 

in the Systolic Blood Pressure (SBP) (p = 0.261) 

between the exposed and control group. However, 

there is a significant difference in the Diastolic Blood 

Pressure (DBP) and Heart Rate (p = 0.035 and 0.000 

respectively) between the exposed and control group, 

hence the mean values of Diastolic Blood Pressure and 

Heart rate was significantly higher in the exposed 

group than the control group. 

Table 4: Regression analysis of the exposed groups on Forced Vital Capacity (FVC) based on duration (in 

years) of exposure. 
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FVC R2 Pr > F 

Exposed Group 0.144 0.024 

Equation of the model: 

Y = -0.03564*X + 1.823 

 

From Table 4, the probability corresponding 

to the F value is lower than 0.024, it can be 

concluded with confidence that there is a 

reduction in FVC values regressing on 

duration of exposure to flour dust. However, 

R2 value of 0.144 indicates that only 14.4% 

variability in FVC values of the exposed 

group can be explained by the duration of 

exposure to flour dust. 

 

Table 5: Regression analysis of the exposed groups on Forced Expiratory Volume in 1 second (FEV1) based on 

duration (in years) of exposure. 

FEV1 R2 Pr > F 

Exposed Group 0.223 0.004 

 

Equation of the model: 

Y = -0.03901*X + 1.587 

Regression of FVC by YEARS (R²=0.144)
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Fig. 1: Regression analysis of forced vital capacity 

(FVC) against the duration of exposure of the flour mill 

workers, a negative significant correlation was found, 

indicating that the increased duration of flour dust 

exposure decreased the FVC value 
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Fig. 2: Regression analysis of Forced Expiratory Volume in 1 second (FEV1) against the duration of exposure of the 

flour mill workers, a negative significant correlation was found, indicating that the increased duration of flour dust 

exposure decreased the FEV1 value. 

 

From Table 5, the probability corresponding to the F 

value is lower than 0.004, it can be concluded with 

confidence that there is a reduction in FEV1 values 

regressing on duration of exposure to flour dust. 

However, R2 value of 0.223 indicates that only 23.3% 

variability in FEV1 values of the exposed group can be 

explained by the duration of exposure to flour dust. 

 

Table 6: Regression analysis of the exposed groups on Peak Expiratory Flow Rate (PEFR) based on duration 

(in years) of exposure. 

PEFR R2 Pr > F 

Exposed Group 0.272 0.001 

 

Equation of the model: 

Y = -0.09329*X + 3.525 

Regression of FEV1 by YEARS (R²=0.223)
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From table 6, the probability corresponding to the F 

value is lower than 0.001, it can be concluded with 

confidence that there is a reduction in PEFR values 

regressing on duration of exposure to flour dust. 

However, R2 value of 0.272 indicates that only 27.2% 

variability in PEFR values of the exposed group can 

be explained by the duration of exposure to flour dust. 

The findings of this study is similar with the findings 

of Ige and Awoyemi (2002) that investigated 

occupationally induced lung function impairment in 

bakery workers as a result of exposure to grain and 

flour dusts. They reported that the mean values of 

FVC, FEV1, PEFR, and FEV1/FVC% in the bakery 

workers were significantly lower than those of the 

control subjects. Zodpey and Tiwari, (1998) also 

reported that the PEFR value was significantly 

reduced in flour mill workers as compared to their 

controls. The decline in PEFR was linked with dust 

exposure and its duration. The present study confirms 

the findings of others and suggests that occupational 

exposure to flour dust could cause reduction in the 

pulmonary function parameters, such as FVC, FEV1, 

and PEFR. Exposure to flour dusts in this study shows 

restrictive pattern of lungs disease as the FEV1/FVC of 

the flour mill workers is normal (70 to 80% of FVC) 

but with reduced overall lungs functions of FVC, 

FEV1 and PEFR when compared. The significant 

increase in Diastolic Blood Pressure coupled with a 

normal FEV1/FVC ratio but reduced FVC and FEV1 is 

suggestive of pneumoconiosis (a restrictive pulmonary 

disease) as also reported in Imaizumiet al., (2014). The 

Systolic Blood Pressure in this study however was 

increased insignificantly.  The cardiovascular 

variability in Blood Pressure could be as a result of the 

inhibition of pulmonary stretch receptors which might 

have activated the sympathetic nervous system and 

resulted in exaggerated blood pressure variability. The 

present study revealed a dose response relationship 

between pulmonary function tests and duration of 

exposure to flour among the local flour mill workers. 
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