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ABSTRACT 
 

Other than oxygen, the air that enters the respiratory system contains several substances. These 
substances are derived from a heterogeneous mixture of gases, liquids and particulate matter.  
Exposure to air pollutants cause deleterious effects on the cardio-respiratory system. This study 
sought to investigate the effect(s) that air pollutants have on markers of cardiovascular and 
respiratory health in occupationally exposed individuals. An ex post factor study was conducted on 
60 ethically recruited individuals from Enugu metropolis of Enugu state, Nigeria. They were 
assigned into three groups (A-C) of 20 subjects each. With group A acting as control, groups B and 
C comprised of automobile spray painters and saw millers respectively. Participants’ respiratory 
(Forced Expiratory Volume (FEV), Forced Vital Capacity (FVC), Peak Expiratory Flow Rate 
(PEFR)); cardiovascular (Electrocardiogram (ECG), systolic blood pressure (SBP), diastolic blood 
pressure (DBP)) and hematological parameters (Fibrinogen concentrations and C-Reactive 
Proteins)) were assayed. Blood samples were also collected with parameters checked and 
compared with control. Analysis of Variance (ANOVA) on collected data showed diastolic pressure 
(DBP) to have significantly increased with significant differences (p < .05) in FEV, whilst presenting 
insignificant values in PEFR and FVC of group C subjects. Also, a moderately strong and 
significant positive relationship (from Pearson Product Moment Correlation) was seen between 
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ECG parameters (QRS and P-R) and duration of work for control (group A). Routine spirometry, 
haematological and ECG tests are recommended for individuals who are exposed to air pollutants 
as a result of occupational predisposition. 

 
Keywords: Environmental pollution; cardio-respiratory system; lung volumes and capacities. 
 
1. INTRODUCTION  
 
Literarily known as the “apparatus of breathing”, 
the respiratory system supplies a critical 
component of life; the oxygen, and disposes of a 
major waste product, carbon dioxide [1&2]. The 
air that enters the respiratory system contains 
many substances other than oxygen, including 
natural constituents (e.g., nitrogen), as well as 
human and environmental contributions (e.g., 
fossil fuel combustion by-products). Various 
defence mechanisms of the respiratory system 
eliminate the unnatural components of air from 
the body and help repair any damage they may 
likely have. But exposure to large amounts of 
toxic substances or chronic exposure to lower 
levels can overwhelm the ability of the respiratory 
system to protect and repair itself, sometimes 
resulting in impaired lung function. Such 
exposures to copious amounts of toxins can be 
traceable to a wide range of sources including 
the environment, human and industrial 
wastes/disposals, as well as exposures resulting 
from job-related or occupational activities [3]. 
 
An occupational disease is any chronic ailment 
that occurs as a result of work or occupational 
activity. It is typically identified when its 
prevalence is more in a given body of workers 
than in the general population, or in other worker 
populations [4]. Occupational cardio-respiratory 
disease is the name for a collection of conditions 
of the cardiovascular and/or respiratory systems, 
which can have occupational risk factors for the 
particular disease. This includes acute, sub-
acute and chronic diseases, which may be 
malignant, non-malignant or in infectious origin. 
Common occupational diseases of such may 
include occupational asthma, black lung 
disease(coal worker’s pneumoconiosis), chronic 
obstructive pulmonary disease (COPD),  
mesothelioma, and silicosis. Infectious lung 
diseases can also be acquired in an occupational 
context. Exposure to substances like dust, 
fumes, and gases such as isocyanate paint mist, 
silica, etc. can cause fibrotic lung diseases and 
impairments in cardio-respiratory functions, 
whereas exposure to carcinogens like asbestos 
and beryllium can cause lung cancer.  
 
Significant decreases in Forced Expiratory 
Volume (FEV), Forced Vital Capacity (FVC) and 

Peak Expiratory Flow rate (PEF) show with 
varieties of symptoms including a cough, 
dyspnoea, and phlegm that have been 
associated with exposures to gases and fumes 
[5-7]. This study was developed to ascertain the 
effect that occupational exposures have on the 
respiratory system of automobile sprayers and 
saw millers.      
   
1.1 Aim of Study 
 
This study was aimed at determining amongst 
workers in Enugu metropolis, the influence of 
airborne pollutants on markers of cardiovascular 
risk and lung function; using automobile sprayers 
and saw millers. Specifically, the study sought to 
examine: 
 

1. The influence of occupational exposure to 
particulate air pollutants (saw dust and 
paint mist) on vital signs (systolic and 
diastolic blood pressures as well as heart 
rates). 

 

2. The influence of occupational exposure to 
particulate air pollutants (saw dust and 
paint mist) on lung functions (Forced 
Expiratory Volume, Vital Capacity, and 
Peak Expiratory Flow rate) 

 

3. The influence of occupational exposure to 
particulate air pollutants (saw dust and 
paint mist) on electrical activity (QRS 
duration, P-R interval and QTc value) of 
cardiac muscles. 

 

2. MATERIALS AND METHODS 
 

2.1 Scope of Study 
 
This study was conducted in Enugu metropolis of 
Enugu state, Nigeria. Enugu State is a 215 sq mi 
(556km2) area of land in Nigeria that lies 
approximately between Longitude 70 31’ East 
and Latitude 60 26’ North (Duckworth, 1961).   
 
2.2 Study Design 
 
The study adopted the ex-pose facto research 
design. This was considered appropriate 
because selected subjects were studied after 
changes in the dependent variables (Lung 
function, electrocardiogram, fibrinogen, and C-
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reactive protein) have occurred due to 
occupational exposure to air pollutants 
(independent variables), and thus, the 
investigator does not manipulate the independent 
variable (polite et al., 2005). Using the random 
sampling technique, a total of Sixty (60) 
participants were selected for the study. They 
were randomly assigned into three groups (A-C) 
of 20 subjects each. While group A served as 
control, group B comprised of automobile spray 
painters, leaving group C exclusively for saw 
millers. An abridged version of the National 
Institute for Occupational Safety and Health 
Asthma Identification questionnaire was 
administered before eligible for inclusion; if 
proven to be non-asthmatic. 
 
2.3 Ethical Issues 
 
Ethical approval was obtained from the Research 
and Ethics committee of the University of Nigeria, 
Enugu campus. Participants’ confidentiality were 
maintained by using code numbers instead of 
names, and ensuring that records were 
destroyed at the end of the study. Subjects’ 
informed consents were also obtained prior to 
study; after the procedure and purpose of 
research had been clearly explained to them 
[8&9].  
 
2.4 Selection Criteria 
 
2.4.1 Inclusion criteria 
 

- only workers with a minimum of 5 years 
uninterrupted work experience [10&11]  

- Only workers who have not taken any form 
of sedative for 72 hours (at least) before 
investigation [12] 

- Workers without any form of anti-
hypertensive medication for the past 72 
hours (at least) before the investigation   

- Only paint workers who were directly 
physically, and routinely involved in paint 
mixing and vehicle spraying 

-  
2.4.2 Exclusion criteria 
 

- Individuals with any history of smoking were 
excluded. This was because nicotine 
inhalation overtime has been found to alter 
cardio-pulmonary functionalities [13] 

- Habitual tobacco snuffers were also 
excluded as it has been found to cause 
acute and chronic pulmonary diseases [14]. 

- Subjects with known history of asthma or 
obstructive airway diseases 

- Individuals whose ages were above 65years 
 
2.4.3 Procedure 
 
Questionnaires were administered to each 
participant to be sure if they are asthmatic or not. 
Next, they were required to rest for 30 minutes 
prior to investigation. For each subject, Lung 
function [Forced Expiratory Volume (FEV), 
Forced Vital Capacity (FVC), and Peak 
Expiratory Flow rate (PEF)], systolic and diastolic 
blood pressure, heart rates, as well as 
electrocardiogram readings (QRS, P-R interval 
and QTC values) were measured. To obtain 
spirometry readings, subjects were instructed to 
breathe in and out in upright, relaxed position. 
Forced expiration and inspiration readings were 
then read at maximum breathe outs and breathe 
in respectively  
  
2.4.4 Analytical approach 
 
A data analysis was conducted with SPSS 
(version 21) using the one way analysis of 
variance (ANOVA). Post-hoc analysis was 
carried out with the Bonferroni test. Pearson 
Product Moment Correlation Coefficient was 
used to determine the linear relationship between 
duration of exposure to air pollutant (work 
experience) and various parameters of lung 
function and electrocardiogram. All tests were 
one-tailed, with alpha (α) set at .05. Results are 
presented as means and standard deviations. 
 
3. RESULTS 
 
See tables and graphs below for detailed 
presentation of results 
 
4. DISCUSSION 
 
This study indicates that cardio-pulmonary risk 
markers vary in individuals according to their 
occupations and duration of exposure of to 
environmental pollutants. Our results show the 
following: 
 
4.1 Systolic Blood Pressure and 

Exposure to Paint Mist and Saw dust 
 
The result from this study indicates that changes 
in systolic blood pressure (SBP) occurred in 
23.3% of the population. The effect of this on 
paint mist exposed workers was small, while high 
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in sawdust exposed workers. Therefore, the 
change of SBP due to occupational exposure in 
sawdust exposed workers is of immense clinical 

relevance. This finding aligns with that of AHA, 
2002, which compared several consistencies in 
the effect of paint mist on blood pressure [3]. 

 
Table1. Physical characteristics and occupational history of participants 

 

Variables Category X±SD Range F- Value P-Value 
 
Age (Years) 

Control (A) 
Paint (B) 
Saw dust (C) 

42.30+9.06 
40.75+9.85 
52.20+9.77 

23-53 
17-65 
34-71 

 
5.386 

 
0.002* 

 
Weight (kg) 

Control (A) 
Paint (B) 
Saw dust (C) 

79.60+11.38 
71.80+11.50 
78.65+13.48 

49-105 
59-100 
51-102 

 
5.064 

 
0.003* 

 
Height (m)  

Control (A) 
Paint (B) 
Saw dust (C) 

1.72+0.06 
1.73+0.79 
1.69+0.08 

1.43-1.56 
1.60-1.91 
1.58-1.90 

 
2.250 

 
0.089 

*Significant at p < .05, X=mean, SD= standard deviation 
 

Table 2.  Cardiovascular parameters of participants 
 

Variables  Control (Grp A) 
X±SD  

Paint (Grp B) 
X±SD  

Saw dust (Grp C) 
X±SD  

f - Value p - Value 

HR 76.85±11.55 73.45±9.50 75.45±16.81 0.557 0.645 
SBP 123.50±21.90 121.10±22.85 146.50±23.90 2.903 0.040* 
DBP 94.85±12.58 63.30±14.86 96.20±12.91  19.073 0.001* 

Keys: HR=Heart Rate, SBP=Systolic Blood Pressure, DBP=Diastolic Blood Pressure *Significant at p < .05 
 

Table 3. Lung function parameters of participants 
 

Variables  Control (Grp A) 
X±SD  

Paint (Grp B) 
X±SD  

Saw dust (Grp C) 
X±SD  

f - Value p – Value 

FVC 3.34±3.45 3.06±0.72 3.01±2.47 0.995 0.400 
FEV 2.36±1.13 2.21±0.87 1.86±0.98 6.128 0.001* 
PEF 3.74±1.71 4.40±1.71 3.12±1.31 5.523 0.002* 
Keys: FVC=Forced Vital Capacity, FEV=Forced Expiratory Volume, PEF=Peak Expiratory Flow rate, X=mean, 

SD=Standard Deviation, *Significant at p<.05 
 

Table 4. Electrocardiogram profile of participants 
 

Variables  Control (Grp A) 
X±SD  

Paint (Grp B) 
X±SD  

Saw dust (Grp C) 
X±SD  

f - Value p – Value 

P-R Interval 154.20±22.65 160.90±27.86 168.40±21.43 1.097 0.356 
QRS duration 87.40±13.37 86.70±12.44 84.60±15.32 0.859 0.466 
QTc 418.05±24.44 405.35±4.13 431.50±5.75 4.521 0.054 

Keys: X=mean, SD=Standard Deviation 
 

Table 5. Haematological parameters of sampled participants 
 

Keys: X=mean, SD=Standard Deviation, FC=Fibrinogen Concentration, CRP=C-reactive protein. 

Variables  Control (Grp A) 
X±SD  

Paint (Grp B) 
X±SD  

Saw dust (Grp C) 
X±SD  

f - Value p – Value 

FC 2.54±0.70      2.54±0.99 2.37±0.92 2.669 0.054 
CRP level 3.06±0.82 2.90±1.19 2.79±1.19 0.864 0.464 
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changes in FVC of their subjects who were 
exposed to sawdust, culminating with the fact 
that such inflammatory alterations did not occur 
in their subjects as the inert material which was 
used. Sawdust is probably removed by lung 
clearance before producing any significant 
modification of the bronchial mucosa.  
 
For paint mist workers, the study did not find any 
significant relationship between the duration of 
occupational exposure to paint mist and lung 
function parameters. However, the result 
indicated that the magnitude of the association 
between FEV and duration of work remained 
statistically significant; however, with a significant 
inverse relationship between duration of work 
and FEV. This finding was consistent with that of 
Baghdad, 2013 [14].  
 
4.4 QT Interval and QRS Complex in 

Exposure to Paint Mist and Saw dust 
 
Table 4. Shows the Electrocardiogram profile of 
participants in the exercise. The study revealed 
that QTc interval for workers exposed to sawdust 
had the most prolonged value, while values 
obtained for control and other workers were 
nearly the same, with the least values observed 
for workers exposed to paint mist. However, all 
values obtained were less than 440ms and were 
thus within the normal range. Also, the QRS 
complex had greatest values in workers exposed 
to cement dust, followed by those exposed to 
paint mist. Whereas, subjects exposed to 
sawdust had the least value. Invariably, the 
results suggest that with reference to control, 
QRS complex narrowed in workers exposed to 
paint mist, with the least recorded among those 
exposed to sawdust.  
 
Previous studies on the daily variation of the 
particulate nature of air pollution and heart rate 
variability in elderly subjects showed an increase 
in heartrate [15] associated with particulate air 
pollution. Animal data support the concept that 
the autonomic nervous system may be a target 
for the adverse effects of air pollution. All of 
these findings suggest that inhaled particles may 
affect the balance between sympathetic and 
parasympathetic control of the heart, and 
promote a stress response that potentially leads 
to arrhythmias, which is one of the cardiac death 
triangles. This view appears corroborated by the 
findings of this study, suggesting that 
occupational exposure to airborne pollutants 
affect the other two components of the “Cardiac 
Death Triangle” 
 

Again, a weak positive correlation was 
established between the QRS complex, P-R 
interval, QTC duration, and duration of exposure 
to paint mist among the relevant workers 
respectively. This implies that as the duration of 
exposure to these pollutants increased, there is a 
likelihood of a concomitant increase in the QRS 
complex, P-R interval, and QT duration 
respectively. However, the magnitude of the 
relationship was insignificant. 
 
From Table 1, the physical characteristics and 
occupational history of participants is shown. 
Here, age and weight of sampled subjects were 
seen to be significant (p < .05) for paint and saw 
dust exposed workers as against the control. 
This was however insignificant for height upon 
the comparison. The reason for this may not be 
far-fetched from the impart that toxic air has on 
metabolic activities. Carbon IV oxide (CO2) for 
instance reduces haemoglobin’s affinity for 
oxygen, lowers transportation of oxygen as such 
to tissues for oxidative phosphorylation. This thus 
impedes enzymes of the electron transport chain 
and affects the processes of glycogenesis, 
lipogenesis and glycolysis. The resultant 
implication of this may show up in weight and 
other anthropometric indices of the victim with 
time [5].     
 
Tables 2 – 4 respectively shows the 
cardiovascular, respiratory and ECG profiling of 
selected participants. As seen, a statistically 
significant difference was observed for Systolic 
and Diastolic blood pressures of participants who 
were exposed to saw dust and paint mist. This 
however proved insignificant for heart rate upon 
comparison with control the reason for this may 
be traceable to the dependency of heart rate on 
age as against blood pressures [7]. Again, Table 
3 observed that other than FVC, FEV and PEV 
were of statistical significance in paint mist and 
saw dust exposed workers as compared with 
control. This finding is in line with that of Kelly, 
2011 [14]. Haematological parameters (From 
Table 4) proved insignificant across the board for 
saw dust and paint mist exposed workers upon 
comparison with control. Though the reason for 
this is quite puzzling, however, Fibrinogen 
concentration and C - reactive protein levels 
were each higher in paint mist than saw dust 
exposed workers. Apparently, Findings from 
Popkin in 2003 [9] appears to disagree with this. 
 
Chart 1 differentiates between participants’ 
duration of work and Lung function parameters. 
As seen, paint mist exposed participants had a 
higher PEF value than those exposed to saw 
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dust. However, upon comparison with control, 
FVC and FEV were seen to be lower in the paint 
mist that saw dust exposed workers. The reason 
for this may be explained by the various 
concentrations and toxicity levels of various 
elements that compose inhaled air in any case of 
the various studied workers.   

 

5. BENEFITS OF STUDY  
 
The study will be of immense clinical value in 
various ways, including the provision of data that 
will clearly delineate the cardiovascular and 
pulmonary variables most affected by exposure 
to specific industrial pollutants, so that 
intervention is more precise and reflective of the 
defined changes in each instance. The study will 
also provide insight into the exact components of 
the lung function affected by specific pollutants 
across the groups. In essence, it will further 
provide a basis for appropriate policy and 
regulatory intervention, necessary to protect 
workers who are at risk of cardiovascular and 
pulmonary dysfunction due to exposure to 
airborne particulate pollutants. 
 
6. CONCLUSION 
 
Diastolic blood pressure has been shown to 
reduce in workers exposed to paint mist, while 
those exposed to sawdust recorded a significant 
increase in both systolic and diastolic pressures. 
Compared to control, Functional capacity (FCV) 
has also been shown to significantly reduce in 
workers exposed to paint mist and sawdust. 
Therefore, the changes in FVC due to 
occupational exposure to paint mist and saw dust 
in this population may be of huge clinical 
relevance.    
  
RECOMMENDATIONS 
 
Based on the outcome of this study, we make 
the following recommendations: 
 

1 Protective devices like aprons, hand 
gloves, long shoes dust preventive nose  
and mouth filters/masks are provided to 
exposed workers 

2 Workers should regularly undertake 
periodic and routine checks for spirometry 
and ECG parameters in order to identify 
their susceptibility to hazardous particulate 
pollutants. 

To government agencies, we make the following 
recommendations: 
 

1 That more attention should be given to the 

environmental needs of exposed workers 
2 Appropriate steps to avoid environmental 

disasters and adverse should be legislated 
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