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ABSTRACT 
 

Environmental and occupational dusts have been implicated to be potential risk factors for the 
development of pulmonary disease.This study aimed at assessing the effect of environmental pollutant 
such as sawdust on Lung functions and oxygen saturation of Saw millers in Benin City, Nigeria. The 
study participants consist of 240 apparently healthy male subjects, made up of 180 subjects 
(experimental group) and 60 subjects (control group). The experimental groups were broken down into 
three groups of sixty subjects each. Group A: Those who have worked from 1-5 years, Group B: 6-10 
years and Group C: 11-15 years in the Sawmill. Analysis carried out includes measurement of 
Particulate matter of dust and investigation of Lung function parameters which include Forced 
expiratory volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC and Peak expiratory 
flow rate (PEFR), of all the human Subjects using a digital spirometer (Spirolab iv Italy), for both flow 
and volume parameters. Pulse oximeter was used to measure the level of oxygen saturation in blood. 
Statistical analysis was done using Graph pad prism, Version 5.0. The results were expressed as mean ± 
SEM and P<0.05 was considered significant. The distribution of respiratory symptoms among the 
experimental group include, running nose (catarrh): 50%, Cough: 20%, sneezing: 5%, Chest tightness: 
5%, chest pain: 10% and sore throat: 10%. Experimental site: Particulate matter (PM2.5) =2.290mg/m3 

±0.003, PM(10) = 2.185mg/m3 ±0.04, Control site: (Pure water factory) PM2.5 = 0.013mg/m3 ±0.0004, 
PM(10)= 0.145mg/m3 ±0.012; Comparatively, PEFR control (3.25±0.2L/min) against experimental 
(1.68±0.09L/min), FEV1 control (4.01±0.2L) and experimental (2.32±0.1L), FVC control (3.82±0.04L) 
and experimental (2.32 ±0.1L). Overall oxygen saturation was 97.45±0.48% and 84.00±0.93% for test 
and control subjects respectively. The presence of respiratory symptoms viz a viz a compromise in the 
pulmonary function are clear indications that sawdust is a potential risk factor for the development of 
chronic respiratory diseases.   
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INTRODUCTION 
 

Environmental pollution has become a global issue in the last few years as a result of the several 
activities of human causing the release of substances that are toxic into the atmospheric environment, 
these toxic substances ranging from dust, fumes, gases, heat, noise etc, which emanate from work places. 
The toxic substances, however, differ in reactions, composition of chemicals, emissions, effects on 
human health and persistency in the environment (Kampa and Castanas, 2008). The major link between 
workplace pollution and environmental pollution is that the source of pollutants is the same. The 
significance of this lies in the fact that, even in the presence of good ventilation, general contamination 
of the environment can occur quickly, which becomes worse, especially when done in a confined space 
(Alakija et al., 1990), thus constituting occupational hazard. 

Occupational hazard, as defined by the occupational health and safety Act 2015 is a condition resulting 
from exposure in a work place to physical, chemical or biological agents such that the normal  
physiological mechanisms are affected and the health of the worker impaired. These substances have 
been shown to affect human health negatively (Pope and Dockery, 2005; Azad and Kitada, 1998; Pat-
Mbano and Nkwocha, 2012). In the year 2002, World Health Organization, documented that over 2.9 
billion workers across the Globe are exposed to hazardous risks at their work places, and this account for 
775,000 recorded death cases (WHO report, 2004). Although the concentration and persistence of 
environmental pollution vary from place to place, dust arising from many industrial processes such as 
sawmills, cement factories, poultries etc. has been shown to be a leading cause of occupational hazard in 
third world countries due to the particulates released into the atmosphere (Akeredolu, 1989; Begum et al., 
2004; Cachier et al., 2005; Farombi, 2008). 

Wood dust is released into the atmosphere during processes of wood sawing, sanding, planning, routing 
etc. (Parkes, 1994) and is common with carpenters, sawmillers and furniture making companies.  A lot of 
wastes which include, wood off-cuts, sawdust, plain shavings, wood backs, wood rejects among others 
are produced in sawmills (Dosunmu and Ajayi, 2002). The total number of wood work industries in 
Nigeria accounts 93.32% (Fawupe, 2003; American Conference of Governmental Industrial Hygienists, 
2008; Lennox et al., 2010). It is documented that at least 2 million people are exposed to the noxious 
effect of wood dust occupationally (IARC, 1995). Dust generated in sawmill easily exceed the safety 
occupational  exposure limit  of the United States National Institute of Occupational Health and Safety 
threshold safety limit level of 5mg/m3 over an 8hour work period (European Commission, 1999; TjoeNij 
et al., 2003). Anavberokhai (2008) reported an association between continual exposure to wood dust, 
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nasal cancer and asthma. Wood dust comprises of suspended particulate matters. These Particulate 
matters are the deadliest form of air pollutants due to their ability to infiltrate deep into the lung and 
blood stream. Based on aerodynamic diameter, particulate matters are characterized into inhalable 
particles (PM between 2.5µm and 10µm), and respirable particles (PM less than 2.5µm) (Brauer et al., 
2002).  

Pulmonary function test provide objective, scientific measures of lung function. It is useful because it 
used to examine environmental effects, drug exposure, evaluate surgery risks, assess and examine heart 
and lungs diseases, examination of employer’s performance for insurance sake, it also used for 
assessment of some physical routine and fitness check. Some respiratory disorders such as chronic 
obstructive pulmonary disease can be ruled out and other overlooked lungs diseases can be identified 
with pulmonary function test (Crapo, 1994). Spirometry is the method to measure lungs volumes and 
capacities. The simple instrument used for basic testing and screening of pulmonary function is called 
spirometer. The modified spirometer is called respirometer. Nowadays plethysmograph is also used to 
measure lungs volumes and capacities. The forced vital capacity (FVC) is the most important 
measurement of spirometry. FVC is the volume delivered for the duration of expiration made as 
vigorously and wholly as possible starting from full inspiration, and the forced expiratory volume in one 
second (FEV1), which is the volume delivered in the first second of an FVC manoeuvre. The vital 
capacity done with forced expiratory effort maximally in liters at saturated water vapors of ambient 
pressure and body temperature is also FVC. More than a few epidemiological studies have shown a 
sturdy link between elevated levels of particulate matters and increase morbidity and mortality of 
respiratory diseases among humans (Pérez-Rios et al., 2010; Lin and Lee, 2004; Namdeo and Bell, 2005). 
Increase exposure to inhalable particulate matters, is associated with an enhance rate in the incidence of 
lung cancer by 22% and 36% on exposure to respirable matters (Raaschou-Nielsen et al., 2013).  

Result from previous studies showed a reduction in the lung function parameters, such as Forced Vital 
Capacity (FVC), Forced Expiratory Volume in 1 second (FEV1), the ratio of FEV1/FVC and Peak 
Expiratory Flow Rate (PEFR), of sawmllers when compared with the control (Chan-Yeung et al., 1984; 
Fatusi and Erhabor, 1996; Douwes et al., 2001; Ugheoke et al., 2006; Jacobsen et al., 2008; Anupriya 
and Afroz, 2014). 

Halpin et al. (1994) and Mahmood et al. (2016) also reported the prevalence of several respiratory 
symptoms among sawmillers. According to Sosman et al. (1969), respiratory ailment, resulting from 
continuous exposure to wood dusts may be owed to allergic response to unknown toxic or mechanical 
irritant materials. Chronic cough, coryza, breathlessness and wheeze are signs of respiratory infection 
and they are common among wood workers with areas of high degree exposure with low ventilation 
(Bosan and Okpapi, 2004). Asthma, chronic obstructive lung disorder (COLD), and allergic alveolitis 
also known as hypersensitivity pneumonitis are also caused by wood dust occupational exposure (Terho 
et al., 1980; Carosso et al., 1987). Wood workers as reported in study done by a South Australian 
(Pisaniello et al., 1991) have occurrence of regular blocked nose is 51%, sneezing 41%, regular runny 
nose and excess nasal secretion 45% and eye irritation 35% (Shamssain, 1992). The study also recorded 
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that the woodworkers with higher degree of exposure were more likely to report symptoms than those 
with least exposure. In contrast to the previous South Australian study, the South African study reported 
that the prevalence of cough and nasal symptoms increased with increase in the number of years of 
employment. A Canadian study reported high prevalence of cough (38%), sputum (30%), wheeze (18%), 
rhinitis (32%) and eye irritation (20%) among woodworkers compared with the controls (Holness et al., 
1985).  

Recently, there has been an increasing interest on the elemental composition of total suspended 
particulate matters in ambient air. Several epidemiological studies carried out showed the presence of 
trace elemental in the ambient air of these industrial areas, which usually affect human health (Akeredolu, 
1989; Okuo and Ndiokwere, 2005). Some of these trace metals have been implicated in the reduction of 
lung functions (Ukpebor et al., 2007; Zeleke et al., 2010; Baccarelli et al., 2014). Several researchers 
have attempted to explain the causes of reduction in lung functions. Osagbemi et al. (2010) published 
that respiratory changes observed among sawmillers could be due to quantity of wood dust in the 
workers vicinity, while Douwes et al. (2000) and Dutkiewicz et al. (2001) attributed it to be the effect of 
endotoxins of microorganisms such as bacteria, fungi and mould growing on the surface of the wood, 
others implicated chemicals such as formaldehyde, copper naphthenate formaldehyde, etc, (Huff, 2001) 
involved in wood procession. Hence, this study aimed to investigate the effect of sawdust on saw millers 
in Benin City using selected toxic metals as indicator of lung functions, measurement of particulate dust 
concentration in sawmills as an index of degree of exposure. 

 
 

MATERIALS AND METHOD  
 
Area of Study 
This study was done in Benin City, Edo state, south-south Nigeria. They included sawmills from 
randomly selected work areas within Ugbowo, Isihor, Idunmwowina, Iguosa, Oluku, Ovbiogie, 
Ekiadolor communities and its environs. 
Size of Sample 
Calculation of the sample size (N) was done using prevalence from previous studies done on ventilatory 
dysfunction among sawmill workers which was 4.0% in Benin City,  Edo State  (Tobin  et al., 2016). 
The sample size for this study was obtained using the formula described by Daniel (1999). 
N    = Z2P (1 – P) 
    D2 

N     = required sample size 
Z    = confidence level at 95% (standard value of 1.96) 
P    = estimated prevalence of ventilatory dysfunction due to saw dust inhalation (4.0%) 
D    = margin of error at 5% (standard value = 0.05) 
 
N=1.962 X 0.04(1-0.04) 
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0.052 

  
3.8416 X 0.04(0.96)

0.0025
  

N = 59 minimum sample size. 

Study Population 
This consist of 240 (two hundred and forty) apparently healthy male Subjects, This was classified into 
groups, experimental and control groups. They were within the age bracket of 20-40 years with a work 
duration of 6-8 hours daily, 6 days in a week and a work experience of between 1 -15years. 
The experimental group was further broken down into three groups of sixty subjects each, based on 
duration of exposure. Group A, B and C. 
Group A: Those who have worked from one to five years. 
Group B: Those who have worked from six to ten years. 
Group C: Those who have worked from eleven to fifteen years. 
Group D: CONTROL GROUP (Unexposed), were compared with the experimental group matched with 
age, sex, height and weight. 

Informed consent was taken from each subject after detail explanation of the research procedure. Self-
administered well-structured questionnaire was given to obtain information about workers demographic 
data, life style, medical history and occupational history.  

The research was carried out between the hours of 8am-5pm each day, during the period of the study.  

Anthropometric measurements: which include age, sex, weight, height, BMI and chest circumference 
were taken and Data properly documented. Ethical clearance was obtained from the Ethics and 
Collaboration committee of College of Medical Sciences, University of Benin. 

 
Measurements 
Height: Using a meter rule and calculated in meters (m).  
Weight: Measured in kilogram (kg) with a calibrated weight scale. 
Body Mass Index (BMI) calculated by weight /height2 and recorded in kg/m2. 
Chest Circumference: Measured in centimeters with a tape rule.  
Age: Recorded in years. 

Exclusion Criteria 
They include subjects with known cardiorespiratory diseases, metabolic disorders, thoracic/abdominal 
surgeries, hypersensitivity and drug therapy. Also subjects with histories of smoking and tobacco usage. 

Sample Collection from Human Subjects 

5ml of blood sample was collected aseptically from the antecubital fossa of each subject, and the 5ml 
was dispensed into sterile plain container for the analysis of toxic metals (lead, cadmium and chromium). 
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Measurement of Lung Function 
Measurement of Lung function parameters was with the aid of a computerized spirometer (Spirolab 
1Vitaly). This include: FVC, FEV1, FEV1/FVC and PEFR measured using a digital spirometer, for both 
flow and volume parameters. 
Before commencement of the experiment each day, subjects were educated on procedure of research, the 
use of the spirometer and the research objectives. Lung function test were measured with the aid of a 
digital spirometer supplied with a detachable mouth piece customize for each subjects. The procedure 
involved making the subjects sits uprightly and comfortably. The spirometer was switched on, with the 
mouth piece positioned within the mouth, the lips sealed properly around it, and the nostrils closed with 
the aid of a nose clip, they were instructed to take a deep breath and expire maximally. Three 
manoeuvres were made and the highest of them all taken and recorded appropriately as displayed on the 
screen. Parameters recorded include, Force Vital Capacity (FVC), Forced Expiratory Volume in one 
second (FEVI) and Peak Expiratory Flow Rate (PEFR). 

Measurement of Oxygen Saturation: Using Pulse Oximetry.  
Pulse oximeter was used to measure the level of oxygen saturation in blood. Before commencement of 
the procedure, the subjects were educated on the use and purpose of the device. They were asked to sit 
comfortably and remove anything such as wrist watches, artificial nails, rings and bangles this is to avoid 
anything that can absorb light that may interfere with the result. The thumb was inserted into the 
oximeter. The device was switched on for one minute and results (pulse rate and oxygen saturation) were 
displayed on the colored screen, which was subsequently recorded appropriately. 

Quantification of Dust 
This was carried out from randomly selected work place using the calibrated dust collection apparatus 
known as Casella micro product monitor. The particulate matter was collected using Casella Cel-712 
Micro dust Pro Real-time Dust Monitor with polyurethane foam (PUF) and a glass fiber filter (GFF). 

Sample Collection 
The fine particulate matter (PM2.5) was collected using Casella Cel-712 Micro-dust Pro Real-time Dust 
Monitor with polyurethane foam (PUF) and a glass fiber filter (GFF). The sampler was placed at heights 
of 1.5 m above ground level and within the human breathing zone. The glass fiber filter (GFF) was used 
to collect the fine particulate matter. The sampler was connected to a pump with a flow rate of 2 L/min 
for a sampling period of 8 hours/day. A size selective polyurethane foam (PUF) fixed in the sampler 
probe served as a collecting medium and a glass fiber filter also fitted in the probe collected PM2.5 
screened through the PUF as described by Gaita et al. (2014). Meteorological parameters such as 
humidity and temperature were simultaneously measured using thermo-hygrometer during the period of 
sampling. At the end of each sampling day, samples were carefully wrapped in a polyethene bag and 
kept in a plastic container to avoid contamination prior to measurement.   
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Statistical Analysis 
Data were entered into the Microsoft excel spread sheet (version 10) prior to descriptive analysis. The 
data were represented as mean ± SEM. The data were analyzed using the paired sample students’t-test 
and Duncan’s multiple range analyses of variance, ANOVA (p<0.05) and correlation analyses were done 
using the Pearson’s correlation (p=0.05), Graph pad prism, Version 5.0. 

 

 

RESULTS 

 
Result of Questionnaire Obtained from Sawmillers    
Result of Questionnaire: The distribution of respiratory symptoms present at one time or the other in 
the test group.  
Running nose (catarrh):50% 
Cough: 20% 
Blocked nose: 5% 
Chest tightness: 5% 

Parameters Of Dust Extracted From Sawmill, Over An Eight (8) Hour Work Period: 

Particulate Matter (PM)2.5 Average Value=2.296mg/m3 

PM10 Average Value=2.168mg/m3 

Control Site; (Pure Water Factory): 

PM2.5 Average Value=0.012mg/m3 

PM10 Average Value=0.153mg/m3 
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Values of Particulate Matter (PM) Of Dust Extracted from Experimental and Control Site 

      
   
   
   
   
   
   
   
   
   
             

Figure 1: Value of Particulate Matter of Dust from Control and Experimental Sites. 

 

The result is presented as Mean ±SEM. This result shows that there is significant increase (p<0.05) in 
PM2.5 and PM10 of experimental site compared with control. 

LUNG FUNCTION PARAMETERS OF TEST GROUPS EXPOSED TO SAWDUST WITH 
VARIATIONS IN YEARS OF EXPOSURE COMPARED WITH CONTROL. 
*P<0.05 indicates significant difference at the different durations compared with control 
αP<0.05 indicates significant difference at 6-10yrs and 11-15yrs compared with 1-5yrs respectively. 
δP<0.05 indicates significant difference at 11-15yrs compared with 6-10yrs. 
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Figure 2: Peak Expiratory Flow Rate (PEFR) of Sawmillers with Variations in Years of Exposure, 
compared with Control. 
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The result is presented as Mean ±SEM, P<0.05 is considered significant. It shows significant decrease 
(p<0.05) in the PEFR of all test group when compared to control. Significant decreases were also 
observed when those in the group of 6-10 years and 11-15 years of exposure were compared with those 
in 1-5 years of exposure. 

 

*P<0.05 indicates significant difference at the different durations compared with control 
αP<0.05 indicates significant difference at 6-10yrs and 11-15yrs compared with 1-5yrs respectively. 
δP<0.05 indicates significant difference at 11-15yrs compared with 6-10yrs. 
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Figure 3: Forced Expiratory Volume in One Second (FEV1) of Sawmillers with Variations in Years 
of Exposure, compared with Control. 

 

 

The result is presented as Mean ±SEM, P<0.05 is considered significant. FEV1 was significantly 
decreased (p<0.05) in all the subjects when compared with control. Significant decreases were also 
observed among the groups i.e. between 1-5years and 6-10years and between 6-10years and 11-15years. 

*P<0.05 indicates significant difference at the different durations compared with control. 
αP<0.05 indicates significant difference at 6-10yrs and 11-15yrs compared with 1-5yrs respectively. 
δP<0.05 indicates significant difference at 11-15yrs compared with 6-10yrs. 
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Figure 4: Forced Vital Capacity (FVC) Of Sawmillers with Variations in Years of Exposure, 
compared with Control. 

 

The result is presented as Mean ±SEM, P<0.05 is considered significant. Significant decrease (P<0.05) 
in the FVC was observed in all the test groups when compared with control. Significant decrease was 
also observed when those in the group of 6-10 years were compared with 11-15 years of exposure. There 
was however no significant decrease between 1-5 years and 6-10 years of exposure. 

*P<0.05 indicates significant difference at the different durations compared with control 
αP<0.05 indicates significant difference at 6-10yrs and 11-15yrs compared with 1-5yrs respectively. 
δP<0.05 indicates significant difference at 11-15yrs compared with 6-10yrs. 
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Figure 5: Ratio of Forced Expiratory Volume in One Second to Forced Vital Capacity (FEV1/FVC), 

of Sawmillers with Variations in Years of Exposure, compared with Control. 
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The result is presented as Mean ±SEM, P<0.05 is considered significant. FEV1/FVC ratio was 
significantly decreased (P<0.05) in all subjects when compared with control. Significant decrease was 
also observed when 6-10 and 11-16 years exposure was compared with control. 

 
Effect of Sawdust on the Pulse Oximeter of Sawmillers Exposed to Sawdust with Variation to 
Years of Exposure compared with Control. 
 
*P<0.05 indicates significant difference at the different durations compared with control 
αP<0.05 indicates significant difference at 6-10yrs and 11-15yrs compared with 1-5yrs respectively. 
δP<0.05 indicates significant difference at 11-15yrs compared with 6-10yrs. 
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Figure 6: Pulse Oximeter of Sawmillers with Variations in Years of Exposure, compared with 

Control. 

 

 

This result shows significant decrease (p<0.05) in pulse oximeter of all subjects when compared to 
control. This decrease was however significant between groups, but was still within physiological range.  
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Figure 7: Shows the scattered graph of PEFR and Lead. 

 

There was no significantly correlation between PEFR and Lead, (P>0.05). 
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Figure 8: Shows the scattered graph of FEV1 and Lead. 

 

There was no significantly correlation between FEV1 and lead, (P>0.05). 
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Figure 9: Shows the scattered graph of FVC and Lead. 

 
There was no significantly correlation between FVC and lead, (P>0.05). 
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Figure 10: Shows the scattered graph of FEVI/FVC and Lead. 

 

There was no significantly correlation between FEVI/FVC and lead, (P>0.05). 
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Table 1: Showing the correlation matrix of the heavy metals, lung function parameters and pulse 
oximeter 

 
 PEFR FEV1 FVC 

 
Pulse 
oximetry 

Lead  r = -
0.2958, 
P > 0.05 

r = -
0.1374, 
P > 0.05 

r = -
0.2330, 
P > 0.05 

r = 
0.201796, 
P > 0.05 

Cadmium  r = -
0.1598, 
P > 0.05 

r = -
0.0462,  
P > 0.05 

r = 0.3561, 
P > 0.05 

r = -
0.1467, 
P > 0.05 

Chromium  r = -
0.1956, 
P > 0.05 

r = -
0.1367, 
P > 0.05 

r = -
0.1697, 
P > 0.05  

r = 0.0296, 
P > 0.05 

 
The result shows negative correlation between heavy metals and lung function parameters, however not 
statistically significant. 

 
 

DISCUSSION 
 

The major challenge to human health is environmental dust pollution, being a leading cause of 
respiratory diseases (Iyawe and Ebomoyi, 2005). The result from questionnaire conducted among the 
study population shows high occurrence of respiratory symptoms, which is a possible implication of dust 
exposure in developing respiratory diseases. This observation is in consonant with previous work from 
other comparative studies (Bhatti et al., 2011; Ediagbonyi et al., 2016). The prevalent symptoms which 
include, catarrh, cough, blocked nose etc., observed in this study is an indication of prevalence of upper 
respiratory tract infections. These infections could be linked to the body response to lodged dust particles 
within the respiratory tract. This observation was further confirmed by result obtained from dust 
sampling of the study and control site. The concentration of dust particles, (Inhalable and Respirable 
particles), in the study site was significantly higher than that of the control site. This value far outweighs 
the recommended 1mg/m3 safety limit documented by the European Union scientific committee on 
occupational exposure limit and American conference of Governmental industrial hygienist threshold 
limit value committee. Similar observation was also documented by Rosenberg et al. (2002), Siew et al. 
(2012). This increase could be attributed to absence of dust control device within the Sawmill. 
Furthermore the preferential significant increase in respirable particles (PM2.5) compared with the 
inhalable particles (PM10), could be attributed to the size and weight of the particulate matter. The 
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heavier PM10 settles faster to the ground than the lighter PM2.5, and as such are not fully captured by the 
gravimetric air sampler, which measures air borne dust. PM2.5 has been implicated as the deadliest form 
of particulate matter (Chung et al., 2000) being able to travel faster and deeper into the respiratory tract. 
They excite inflammatory reactions which result in manifestations of symptoms that may resolve over 
time with eventual remodeling of the respiratory tract. 

Result from spirometric investigation of lung function parameters shows that there was significant 
decrease in lung function parameters (FEV1, FVC, PEFR, and FEV1/FVC) of all the test subjects, when 
compared with control as seen in Fig. (2-5) this observation is consistent with the work done by 
Rosenberg et al. (2002) and Mahmood et al. (2016). 

Measurement of FEV1/FVC ratio reveals a decreased ratio which is indicative of an obstructive defect 
(Fig. 5). This observation is in line with the work done by Swanny et al. (2008) and Pallegrino et al. 
(2006). However, Mahmood et al. (2016), Ediagbonya et al. (2016) reported no change. This defect 
could be as a result of inflammatory response to the inhaled dust which results in increase secretion of 
mucus that hardens and narrows airways. 

This study also showed progressive decline in lung function in relation to increase duration of exposure. 
Similar observation was also seen by Ennin et al. (2015), Okwari et al. (2006) and Meo (2006). This is 
however in contrast to the views of Malmberg et al. (1996), Milanowski et al., (2002), Bosan and 
Okpapi, (2004). Osman and Pala (2009) also reported significant increase in FEV1 and FVC in subjects 
with less than 10 years exposure. These observable decreases in lung function cannot be attributed to age 
as lung function decreases from the age of forty and above (Jain and Gupta, 1967). The age group used 
for this study was between 18-40 years. Thus the decline in lung function could be due to persistent 
irritation of the respiratory tract by the sawdust particles, which result in defensive proliferation and 
hypertrophy of the mucosal cells, resulting in increased production of mucus, which could form plugs 
and narrows the tract. However the decline in lung functions in the test subjects cannot be attributed to 
the dust particles alone, as PM2.5 in dust has been documented to absorb, combine and transport heavy 
metals, bacteria, viruses and other toxic substances, which are potential carcinogens (Tucker, 2000; 
Alexis et al., 2006; Dergham et al., 2012). Hence other investigation was carried out to assess their effect 
on lung function. 

Result from investigation of the pulse oximetry (Fig. 6) of the subjects shows significant decrease 
(p<0.05) in the oxygen tension of blood of the experimental group compare with control. Similar 
observation was documented by Penney et al. (1974). However there are paucity of literatures on the 
effect of saw dust on oxygen carrying capacity of blood, but the observable reduction in oxygen tension 
of the blood of the test subjects may be due to the obstructive lung defect, as a result of inflammatory 
reaction stimulated by the particulate matter and oxidative tissue damage caused by the heavy metals bio 
accumulation. 
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CONCLUSION 
 
The presence of respiratory symptoms viz a viz a compromise in the pulmonary function are clear 
indications that sawdust is a potential risk factor for the development of chronic respiratory diseases.   

 
 
 
 
 

REFERENCES 
  
Act (2015). National Tobacco Control Act, 2015. Federal Republic of Nigeria official Gazette. 102 

(70):179-208. 
Akeredolu, F.A. (1989). Seasonal Variation in Deposition Rates, Concentration and Chemical 

Composition of Particulate Matter in Ile-Ife, Nigeria. Atmos. Environ., 23: 783. 
Alakija, W., Iyawe, V.I., Jarikre, L.N. and Chiwuzie, J.C. (1990). Ventilator function of workers at 

Okpella Cement factory in Nigeria. West Africa Journal of Medicine, 9(3): 187-193. 
Alexis, N.E., Lay, J.C., Zeman, K., Bennet, W.E, Peden, D.B., Soukup, J.M., Delvin, R.B. and Becker, S. 

(2006). Biological Material in inhaled coarse fraction particulate matter activates airway 
phagocytes in view in healthy volunteers. Journal on Allergy and Clinical Immunology. 
117:1396 -1403. 

American Conference of Governmental Industrial Hygienists (2008). Threshold limit values for chemical 
substances and physical agents and biological exposure indices. Cincinnati (OH): ACGIH: New 
York: McGraw-Hill, 1521 -1527.  

Anavberokhai, I.O. (2008). Environmental Aspects Review “A Case Study of Two Sawmills In Etsako-
West, Edo State Nigeria”. Department of Technology and Built Environment, University of 
Gavle. Available at https://www.diva-portal.org 

Anupriya, D. and Afroz, A. (2014).  Effect of chronic exposure of sawdust in workers employed in 
Sawmills: A Gross–sectional study. Scholars Journal of Applied Medical Sciences (SJAMS). 2(4) 
1202-1205. 

Azad, A.K. and Kitada, T. (1998). Characteristics of the air pollution in the city of Dhaka, Bangladesh in 
winter. Atmos. Environ., 32: 1995-2005. 

Baccarelli, A.A., Zheng, Y., Zhang, X., Chang, D., Lei, L., Wolf, K.R., Zhang, Z., McCracken, J.P., 
Diaz, A., Bertazzi, P.A., Schwartz, J., Wang, S., Kang, C., Koutrakis, P. and Hou, L. (2014). Air 
pollution exposure and lung function in highly exposed subjects in Beijing, China: repeated-
measure study. Particle and Fibre Toxicology, 11:51-60. 

Begum, B.A., Kim, E., Biswas, S.K. and Hopke, P.K. (2004). Investigation of sources of atmospheric 
aerosol at urban and semi-urban areas in Bangladesh. Atmos. Environ., 38: 3025-3038. 

https://www.diva-portal.org/


American Journal of Research Communication                                   www.usa-journals.com 

 

Omigie et al, 2023: Vol 11(4)                                           38 

Bhatti, P., Newcomer, L., Onstad, L., Teschke, K. and Camp, J. (2011). Wood dust exposure and risk of 
lung cancer. Occup Environ Med 68: 599-604. 

Bosan, I.B. and Okpapi, J.U. (2004). "Respiratory symptoms and ventilatory function impairment among 
wood workers in the Savanna belt of Northern Nigeria." Annals of African Medicine 3: 22-27. 

Brauer, M., Hoek, G., Van Vliet, P., Maliefste, K., Fischer, P.H., Wijga, A., Koopman, L.P., Neijens, 
H.J., Gerritsen, J., Kerkhof, M., Heinrich, J., Bellander, T. and Brunekreif, B. (2002). Air 
Pollution from traffic and the development of respiratory infections and asthmatic and allergic 
symptoms in children. Am J Respir Crit Care Med., 166(8): 1092-1098.  

Cachier, H., Aulagnier, F., Sarda, R., Gautier, F., Masclet, P., Besombes, J., Marchand, N., Despiau, S. 
and Corinne, G. (2005). Aerosol Studies during the ESCOMPTE experiment: An overview. 
Atmos. Res., 74(1): 547-563. 

Carosso, A.,  Ruffino, C. and Bugiani, M. (1987). "Respiratory diseases in wood workers." Br. Journal 
of Industrial Medicine.44:53-56. 

Chan-Yeung, M., Vedal, S., Kus, J., MacLean, L., Enarson, D. and Tse, K.S. (1984). Symptoms, 
pulmonary function, and bronchial hyper-reactivity in western red cedar workers compared with 
those in office workers. J Occup Med, 130 (6): 1038-1041 

Chung, F.L., Conaway, C.C., Rao, C.V. and Reddy, B.S. (2000). Chemo-prevention of colonic aberrant 
crypt foci in Fischer rats by sulforaphane and phenethylisothiocyanate. Carcinogenesis.  21: 
2287–2291. 

Crapo, R.O. (1994). Pulmonary Function Testing. N Engl J Med., 333(1): 25-30. 
Daniel, W.W. (1999). Biostatistics: A Foundation for Analysis in the Health Sciences. John Wiley & 

Sons, New York, 7th Edition. 
Dergham, M., Lefers, C., Verdin, A., Billets, S., Cazier, F., Courcot, D. (2012). Proxidant and 

proinflammatory potency of air pollution particulate matter (PM 0.3-2.5) produced in rural, 
urban or industrial surroundings in human bronchial epithelia Cells (BEAS-2B). Chemistry 
Research on Toxicological Substances. 25:904-919. 

Dosunmu, O.O. and Ajayi, A.B. (2002). Problem and management of sawmill waste in Lagos, 
Proceeding of International Symposium on Environmental Pollution Control and Waste 
Management (EPCOWM), Tunis, pp. 271-278. 

Douwes, J., Mclean, D., Vander Maarl, E., Heederik, D. and Pearce, N. (2000). Worker exposures to 
airborne dust, endotoxin and beta (1,3) glucan in two Newzealand sawmills. Am. Ind. Med. 
38:426-430. 

Douwes, J., McLean, D., Slater, T. and Pearce, N. (2001). Asthma and other respiratory symptoms in 
New Zealand pine processing sawmill workers. American Journal of Industrial Medicine. 39 (6): 
608 – 615. 

Dutkiewicz, J., Skorska, C., Dutkiewicz, E. and Matuszyk, A. (2001). Response of sawmill workers to 
work related airborne allergens. Annals of Agric. Environ. Med. 8 (1): 81 – 90. 

Ediagbonya, T.F., Tobin, A.E., Olumayede, E.G., Okungbowa, G.E. and Iyekowa, O. (2016). The 
Determination of Exposure to Total, Inhalable and Respirable Particles in Welders in Benin City, 
Edo State. J Pollut Eff Cont., 4:152. 



American Journal of Research Communication                                   www.usa-journals.com 

 

Omigie et al, 2023: Vol 11(4)                                           39 

Ennin, I.E., Adzaku, F.K., Dodoo, D., Adukpo, S., Antwi-Boasiako, C. and Antwi, D.A. (2015). A Study 
of Lung Function Indices of Woodworkers at the Accra Timber Market in Ghana. Donnish 
Journal of Medicine and Medical Sciences, 2(8): 120-124.  

European Commision. (1999). Council Directive 1999/38/EC of 29 April 1999 amending for the second 
time Directive 90/394/EEC on the protection of workers from the risk related to exposure to 
carcinogens at work and extending it to mutagens. Official Journal of European Communities, 
138:66-69. 

Farombi, O.L. (2008). Impact of Cement dust on the vegetation of Ewekoro. Unpublished M.Sc Thesis 
ObafemiAwolowo University, Ile-Ife, Nigeria. 

Fawupe, J.A. (2003). Assessment of Log Conversion efficiency in some sawmills in Ondo State. Nigeria 
Journal of Forestry. 20(1-2):27-30. 

Fatusi, A. and Erhabor, G. (1996). Occupational health status of sawmill workers in Nigeria. J R Soc 
Health.116:232-236. 

Gaita, S.M., Boman, J., Gatari, M.J., Pettersson, J.B.C. and Janhäll, S. (2014). Source appointment and 
Seasonal Variation of P.M2.5 in Sub-Saharan African City: Nairobi, Kenya. Atmos. Chem. Phys., 
14: 9971-9991. 

Halpin, D.M., Graneek, B.J., Lacey, J., Nieuwenhuijsen, M.J., Williamson, P.A., Venables, K.M. and 
Newman Taylor, A.J. (1994). Respiratory symptoms, immunological responses and aeroallergen 
concentrations at a Sawmill. Occup Environ Med., 5 (3): 165-172. 

Holness, D.L., Sass-Kortsak, A.M., Pilger, C.W. and Nethercott, J.R. (1985). Respiratory function and 
exposure effect relationships in wood dust exposed and control workers. Journal of 
Occupational Medicine.27: 501-506. 

Huff, J. (2001). Sawmill Chemicals and Carcinogenesis. Environ Health Perspect, 109(3): 209-212. 
International Agency for Research on Cancer (IARC). (1995). IARC Monographs on the evaluation of 

carcinogenic risks to human. Wood dust and formaldehyde. IARC Press, Lyon, France. pp. 35-
216.   

Iyawe, V.I. and Ebomoyi, M.I. (2005). Current developments in the physiology and Smoking and lung 
function in sawmill workers in management of asthma. Nig. J. Physiol. Sci. 20: 19–29. 

Jacobsen, A.L., Pratt, R.B., Davis, S.D. and Ewers, F.W. (2008). Comparative community physiology: 
non-convergence in water relations among three semi-arid shrub communities. New 
Phytologist.180: 100-113. 

Jain, S.K. and Gupta, C.K. (1967). Lung function studies in healthy men and women over forty.  Indian 
Journal of Medical Research, 55: 612 – 617. 

Kampa, M. and Castanas, E. (2008). Human health effects of air pollution. Environ Pollut. 15: 362–367. 
Lennox, J.A., Abriba, C., Alabi, B.N. and Akubuenyi, F.C. (2010). Comparative degradation of Sawdust 

by Microorganisms isolated from it. African Journal of Microbiology Research, 4(17). 
Lin, J. and Lee, L.C. (2004). Characterization of the concentration and distribution of urban submicron 

PM10 aerosol particles.  Journal of Atmospheric Environment. 38:469-475. 



American Journal of Research Communication                                   www.usa-journals.com 

 

Omigie et al, 2023: Vol 11(4)                                           40 

Mahmood, N.M.A., Karadaky, K., Hussain, S.A., Ali, A.K., Mohammad, G.M. and Mahmood, O.M. 
(2016). Respiratory Function in Sawmill Workers in different areas of Sulaimani City. 
International Journal of Medical Science and Public Health, 5(2): 351-355. 

Malmberg, P.O., Rask-Andersen, A., Larsson, K.A., Stjernberg, N., Sundblad, B.M. and Eriksson, K. 
(1996). Increased bronchial responsiveness in workers sawing Scots pine. Am J Respir Crit 
Care Med, 153(3): 948–952.    

Meo, S.A. (2006). Lung Function in Pakistani Wood Workers. Int J Environ Health Res, 16(3): 193-203. 
Milanowski, J., Gora, A., Skoraska, C., Krysinska-Traczyk, E., Mackiewicz, B., Sitkowska, J. (2002). 

Work related symptoms among furniture factory workers in Lublin region (eastern Poland). Ann. 
Agric. Environ Med. 9: 99-103. 

Namdeo, A. and Bello, M.C. (2005). Characteristics and health implications of fine and coarse 
particulates at roadside, urban background and rural sites in United Kingdom. International 
Journal on Environment. 31:565-573. 

Okuo, J.M. and Ndiokwere, C.L. (2005). Elemental concentration of total suspended particulate matter 
on relation to air pollution in Niger Delta: A Case Study of Warri: Trends in Applied Science 
Research, 1(1): 91-96. 

Okwari, O.O., Antai, A.B., Peters, E.J. and Osim, E.E. (2005). Lung function status of workers exposed 
to wood dust in timber markets in Calabar, Nigeria. Afr J Med Sc 34: 141- 145. 

Osagbemi, G.K., La-Kadri, R.T. and Aderibigbe, S.A. (2010). Awareness of occupational hazards, health 
problems and safety measures among sawmill workers in North Central Nigeria. TAF Prev Med 
Bull. 9: 325-8. 

Osman, E. and Pala, K. (2009). Occupational Exposure to Wood Dust and Health Effects on the 
Respiratory System in a minor Industrial Estate in Bursa/Turkey. International Journal of 
Occupational Medicine and Environmental Health, 22(1):43-50.  

Parkes, W.R. (1994). Aerosols: Their Deposition and clearances. In Occupational Lung Disorders. 3rd 
Edition. Oxford: Butterworth – Heinemann. pp. 35-49. 

Pat-Mbano, E.C. and Nkwocha E.E. (2012). Assessment of the impact of Sawmill industry on Ambient 
Air Quality at UTU Community in Akwa–Ibom State, Nigeria. International Journal of Science 
and Nature. 3(1): 205-211. 

Penney, D., Dunham, E. and Benjamin, M. (1974). Chronic Carbon monoxide exposure: time course of 
hemoglobin, heart weight and lactate dehydrogenase isozyme changes. Toxicol Appl Pharmacol, 
28: 493-497. 

Perez-Rios, M., Ruano-Ravina, A., Etminan, M. and Takkouche, B. (2010). A meta-analysis on wood 
dust exposure and risk of asthma; Allergy. European Journal of Allergy and Clinical 
Immunology, 65(4): 467–473. 

Pisaniello, D.L., Connell, K.E. and Muriale, L. (1991). "Wood dust exposure during furniture 
manufacture results From an Australian survey and considerations for threshold limit value 
development." Am. Industrial Hygiene Association Journal .52(11): 485-492. 

Pope, C.A. and Dockery, D.W. (2005). Health effects of Fine Particulate Air Pollution: lines that connect. 
J. Air and Waste Manage. Assoc. 56: 709-742. 



American Journal of Research Communication                                   www.usa-journals.com 

 

Omigie et al, 2023: Vol 11(4)                                           41 

Raaschou-Nielsen, O., Vineis, P., Brunekreef, B., Mieuwenhuijsen, M., Hoffman, B., Forastiere, F., 
Oudin, A., Hoek, G., Katsouyannik, K., Schwarze, P.E. and Beelen, R. (2013). Air Pollution and 
Lung Cancer in Europe-Authors’ reply. The Lancet Oncology, 14(11): 440. 

Rosenberg, C., Liukkonen, T., Kallas-Tarpila, T. and Rounakangas, A. (2002). Monoterpenes and wood 
dust exposures: work-related symptoms among sawmill workers. Am. J. Ind. Med.. 41(1): 38–53. 

Shamssain, H.M. (1992). Pulmonary function and symptoms in workers exposure to wood dust. Thorax, 
47: 84-87. 

Siew, S.S., Kauppinen, T., Kyyronen, P., Heikkila, P. and Pukkala, E. (2012). Occupational exposure to 
wood dust and formaldehyde and risk of nasal, nasopharyngeal and lung cancer among Finnish 
men. Cancer Manag Res 4: 223-232.  

Sosman, A.J., Schlueter, D.P., Fink, J.N. and Barboriak, J.J. (1969). "Hypersensitivity to wood dust." 
New England Journal of Medical science, 281: 977-980. 

Swanny, M.P., Ruppel, G., Enright, P., Pedersen, O.F., Crapo Ro, Miller, M.R., Jense, R.L., Falaschetti, 
E., Schouten, J.P., Hankinson, J.L., Stock, J. and Quanjher, P.H. (2008).  Using the lower limit 
of Normal for the FEV/FEC ratio reduces the misclassification of airway obstruction.  
International Journal of Public Medicine (thorax). 63(12): 51-1046. 

Terho, E.O., Husman, K., Kotimaa, M. and Sjoblom, T. (1980). "Extrinsic allergic alveolitis in a sawmill 
worker (a case report)." Scand. J. Work Environmental Health, 6: 153-157. 

Tjoe-Nig, E., de Meer, G., Smit, J. and Heederik, D. (2003). Lung function decrease in relation to 
Pneumoconiosis ad exposure to quartz – Containing dust in Construction workers. American 
Journal of Industrial Medicine. 43(6): 83-574. 

Tobin, E.A., Ediagbonya, T.F., Okojie, O.H. and Asogun, D.A. (2016). Occupational Exposure to wood 
dust and respiratory Health Status of Sawmill Workers in South-South Nigeria. Journal of 
Pollution Effects and Control. 4:1 

Tucker, W. (2000). An overview of PM 2.5 sources and control strategies. Fuel Process Technol. 65: 
379–392. 

Ugheoke, A.J., Ebomoyi, M.I. and Iyawe, V.I. (2006). Influence of smoking on respiratory symptoms 
and lung function indices in sawmill workers in Benin City, Nigeria. Nig J of Phys Sciences. 
21(1 -2): 49 -54. 

Ukpebor, E.E., Okuo, J.M., Ekanem, V.J. and Ukpebor, J.E. (2007). Comparative Analysis of indoor 
levels of suspended particles and nitrogen dioxide a few hours later after an asthmatic attack. 
Chinese Journal of Chemistry, 25(11): 1609-1674. 

World Health Organization (2004). Selected Occupational Risk Factors. Extract from “Comparative 
Quantification of Health Risks”. https://www.who.int/publications/i/item/chapter21. 

Zeleke, Z., Moen, B. and Bratveit, M. (2010). Cement dust exposure and acute lung function: A cross 
shift study. BMC. Pulmonary Medicine. 10(1): 19. 
 

 


	Tucker, W. (2000). An overview of PM 2.5 sources and control strategies. Fuel Process Technol. 65: 379–392.
	Ugheoke, A.J., Ebomoyi, M.I. and Iyawe, V.I. (2006). Influence of smoking on respiratory symptoms and lung function indices in sawmill workers in Benin City, Nigeria. Nig J of Phys Sciences. 21(1 -2): 49 -54.
	Ukpebor, E.E., Okuo, J.M., Ekanem, V.J. and Ukpebor, J.E. (2007). Comparative Analysis of indoor levels of suspended particles and nitrogen dioxide a few hours later after an asthmatic attack. Chinese Journal of Chemistry, 25(11): 1609-1674.

