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Abstract 
This study investigated the spatial occurrence of cardiovascular diseases associated with the air 
quality of selected abattoirs in Port Harcourt. Using the simple random sampling technique, the 
Trans-Amadi, Rumuokoro, Rukpokwu and Elelenwo abattoirs were selected and used for the 
study. However, both gases and particulates matter which include NO2, SO2, H2S, CH4, CO, PM2.5, and 
PM10 were collected at distances of 0, 20, 50, 100, 200 m with the aid of a hand held multi-gas 
monitor. The questionnaire was used to obtain the demographic and socio-economic characteris-
tics of the respondents, duration of job in years, as well as individual frequency of hospital visita-
tion based on symptoms of cardiovascular diseases. The electrocardiogram was employed to di-
agnose manifestations of ischemic heart disease among the workers especially in the roasting sec-
tion. Analysis of data collected was done using the Step-wise multiple regression technique. Result 
showed that occurrence of cardiovascular diseases is a function of pollutant concentration (CO − r = 
0.57) at Rumuokoro abattoir; (O3 − r = 0.40, SO2 − r = 0.23, CO − r = 0.14) at Rukpokwu abattoir, 
duration of exposure (DOE − r = 0.22) at Rumuokoro abattoir, (DOE − r = 0.40) at Trans-Amadi ab-
attoir; and (DOE − r = 0.20) at Elelenwo abattoir; age of worker (r = 0.06) at Rukpokwu abattoir, (r = 
0.30) at Elenlewo abattoir and daily duration on the job (JOBD − r = 0.13) at Elelenwo abattoir. 
Findings indicate that there is a positive correlation between occurrence of vascular diseases and 
pollutant concentration, duration of exposure, age and duration on the job but varies from loca-
tion to location. Periodic epidemiological and air quality assessment of workers at the abattoirs 
are strongly advocated. 
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1. Introduction 
The use of tires for the roasting of hides and skin with its abundant thick smoke emitting in the vicinity of abat-
toirs in Nigeria is a common practice which has attracted serious attention from air quality experts in Nigeria. 
Potential emissions to air commonly associated with the incineration of animal carcases include particulate mat-
ter; hydrogen chloride; oxides of Sulphur, nitrogen and carbon and organic compounds, such as dioxins. Out-
door air pollution, composed of complex mixtures including gases (e.g., carbon monoxide (CO), nitrogen dio-
xide (NO2), ozone (O3), sulfur dioxide (SO2), and particulate matter (PM), is increasingly considered a new 
threat to the cardiac system [1]-[4]. It is manifested by endothelial dysfunction, hypertension, and increased 
thrombogenic and inflammatory state [5]. Scientist noticed as early as the 1920s and 1930s the impact of air 
pollution on human health: High rates of death events occurred in London and Belgium after stagnant weather 
conditions caused by a sharp increase in the concentration of air pollutants for many days [6]. Literature unco-
vered the fact that even shy amounts of exposure to pollutants can have deleterious effects on the health in terms 
of morbidity and mortality [2] [7]-[12]. Several epidemiological studies on air pollution and cardiovascular dis-
eases (CVD) are from developed countries [2] [3] [13]; unfortunately, this has been less investigated in devel-
oping countries, although they have similar or higher pollutant concentrations [14] [15]. One type of wastes that 
is of great concern in both urban and rural areas in Nigeria is abattoir or slaughter-house wastes. Almost every 
day in all the urban and rural markets in Nigeria, animals are slaughtered and the meat sold to the public for 
consumption. Meat wastes originate from killing; hide removal or dehairing, paunch handling, rendering, trim-
ming, processing and clean-up operations. Abattoir wastes often contain blood, fat, organic and inorganic solids, 
and chemicals added during processing operations. In ruminants, the first stomach or paunch contains undi-
gested materials called paunch manure, which can contain long hairs, whole grains and large plant fragments. 
The faeces of livestock (animal manure) consist of undigested food, mostly cellulose-fibre, undigested protein, 
excess nitrogen from digested protein, residue from digested fluids, waste mineral matter, worn-out cells from 
intestinal linings, mucus, bacteria, and foreign matter consumed, calcium, magnesium, iron, phosphorous, so-
dium, etc. [16]. Abattoir effluent (waste water) has a complex composition and can be very harmful to the envi-
ronment. Therefore, the importance of knowing the pollution potentials of abattoir wastes especially emission 
from the burning of hides and skin cannot be over-emphasized. No known study has investigated the emissions 
from meat processing and its relationship to the incidence of cardio vascular diseases in abattoirs [17]-[21]. 
Therefore, the aim of this paper is to investigate the relationship between air pollutants and Cardio Vascular 
Diseases (CVD) occurrence among abattoir workers; identify the predominant factors responsible for the inci-
dence of CVD with a view to recommending possible ways of reducing exposure to and risk of the occurrence 
of CVD among the abattoir workers in Port Harcourt, Nigeria. 

2. Theoretical Issues and Method of Data Collection  
The theoretical foundation for this study is based on the sophisticated, but rather generalized, web of causation 
as used by [22] to describe some of the interrelationships among the three major types of cardiovascular diseases. 
While this web does not attempt to provide a step-by-step description of the mechanisms by which the causal 
factors operate, it does give a clear view of how different factors may work together to produce one form or 
another of cardiovascular disease. His web of causation, for example, shows that hereditary tendencies, stress, 
and lack of physical activity contribute to hypertension (high blood pressure). This is also probably enhanced by 
atherosclerosis—the buildup of plaque on the inside walls of the arteries. Hypertension, then, in combination 
with atherosclerosis and the breakdown (lysis) of blood clots (resulting in a free-floating clot within the blood 
supply—and embolus) may cause a myocardial infarction (heart attack) when the clot lodges in one of the arte-
ries constricted by atherosclerosis and blocks the blood flow to part of the heart muscle. Many contemporary 
medical problems are better understood in terms of a web of causation. According to this concept, disorders such 
as heart disease develop through complex interactions of many factors which form a hierarchical causal web of 
events. These factors may be biophysical, social or psychological and may promote or inhibit the disease at 
more than one point in the causal process. Ultimately, they determine the level of disease in a community. Since 
many of these factors can be modified, prevention offers better prospects for health than cure. It is also impor-
tant to note that many of the factors implicated in heart disease have been identified as increasing the risk of 
other disorders, such as stroke and cancer. Table 1 indicates the sampled abattoirs and the geographic coordi-
nates where samples were obtained.  
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Table 1. Sampled locations and their geographic coordinates.                                                             

Sample stations Sampling 
points Distance (m) 

Sampled points co-ordinates 

Northing (N) Easting (E) 

Trans-Amadi abattoir 

TA1 0 4˚48'49.431 7˚2'43.097 

TA2 20 4˚48'50.102 7˚2'44.885 

TA3 50 4˚48'51.555 7˚2'42.203 

TA4 100 4˚48'53.175 7˚2'42.929 

TA5 200 4˚48'53.734 7˚2'43.991 

Rumuokoro 

RM1 0 4˚52'11.915 6˚59'56.614 

RM2 20 4˚52'12.056 6˚59'57.886 

RM3 50 4˚52'12.904 6˚59'59.159 

RM4 100 4˚52'14.176 6˚59'55.342 

RM5 200 4˚52'16.579 6˚59'56.473 

Rukpoku 

RK1 0 4˚53'11.006 7˚0'3.816 

RK2 20 4˚53'10.96 7˚0'4.334 

RK3 50 4˚53'11.328 7˚0'5.046 

RK4 100 4˚53'11.891 7˚0'4.92 

RK5 200 4˚53'11.741 7˚0'3.989 

Elelenwo 

EL1 0 4˚50'29.042 7˚3'53.283 

EL2 20 4˚50'25.018 7˚4'1.975 

EL3 50 4˚50'32.217 7˚3'58.185 

EL4 100 4˚50'33.733 7˚4'3.111 

EL5 200 4˚50'36.007 7˚3'57.428 

TA: Trans-Amadi, RM: Rumuokoro, RK: Rukpokwu, EL: Elelenwo. 
 

The pollutant considered in this study consists of both gases and particulates matter they include NO2, SO2, 
H2S, CH4, CO, PM2.5, and PM10. All the gases were measured in parts per million (ppm) and converted to milli-
gram per cubic metre (mg/m3) using the equation shown below while the particulate matter was measured in 
microgram per cubic metre (µg/m3):  

( ) ( )3Y mg m X ppm molecular weight 24.45=                         (1) 

According to [23] and [24], the sample were taken at the following distances (0, 20, 50, 100, 200 m) to avoid 
point specific measurement and then averaged to obtain the mean. The target population for the study was meat 
roasters since they are directly in contact with the thick cloud of smoke at the abattoirs as shown in Table 2. The 
abattoirs which slaughters fifteen cows and above per day was the criterion used for the selection of the sampled 
abattoirs. Given this criterion, four abattoirs were selected and used for the study. These includes (1) Trans- 
Amadi (2) Rumuokoro (3) Rukpokwu and (4) Elelenwo abattoirs.  

A Multi-gas hand held sampler was used to measure air quality at specific points at each of the sampled abat-
toirs to ascertain the air quality parameters and the concentration levels of pollutants in each of the abattoirs. For 
reliability of the data, five distances (0 m, 20 m, 50 m, 100 m, 200 m) were taken and averaged to obtain the 
mean values for each pollutant. The questionnaire approach was also used to obtain both the demographic and 
socio-economic characteristics of the respondents, duration of job in years, as well as individual frequency of 
hospital visitation based on symptoms of cardiovascular diseases. The electrocardiogram, a graphic time based 
record of electrical events in the heart muscle was employed in diagnosing manifestations of ischemic heart dis-
ease, i.e., myocardial infarction of the sampled population from the different abattoirs so as to establish a direct 
link between air pollutants and cardiovascular diseases. The ECG machine used was Cardiart 108T (BPL, India). 
This was done by placing electrodes (small, plastic patches) at certain locations on the chest, arms, and legs of  
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Table 2. Number of workers in the meat roasting section in each sampled abattoir used for the study.                                                             

S/no Location No of workers Sample size Percentage 

1 Elelenwo 30 9 18 

2 Rumuokoro 25 8 15 

3 Rukpokwu 15 5 9 

4 Trans-Amadi 95 29 58 

5 Total 165 51 100 

 
the sampled abattoir workers. When the electrodes were connected to an ECG machine by lead wires, the elec-
trical activity of the heart of the sampled populations were measured, interpreted, and printed out for the physi-
cian's information and further interpretation using Minnesota codes. 

Step-Wise Multiple Regression was utilized in analyzing the data. The Multiple Regression Analysis statistic-
al technique was adopted in this study to determine the relationship between the occurrence of cardiovascular 
diseases as the dependent variable and a set of independent variables such as concentration of pollutants, dura-
tion of exposure of workers to pollutants, duration on the job in years, and age of individual workers. Mathe-
matically, step-wise multiple regression is represented thus: 

1 1 2 2 3 3 4 4Y a x x x x eβ β β β= + + + + +                              (2) 

where;  
Y is the dependent variable (this is the value of Y (occurrence of CVD) when x1 − xn = 0 slope 
Y = occurrence of cardiovascular diseases 
x1 −  x5 = the explanatory or the independent variables (concentration of pollutants and others such as age of 

workers, duration of exposure to pollutants, and duration of job. 
β1 − β5 = value rating for independent variables (regression coefficients). 
Using the factors identified above, the function for this study became: 

( )CVD f CP, DOE, JOBD, AW=                               (3) 

where, 
Y is the occurrence of cardiovascular diseases (CVD) 
x1 = concentration of pollutants (CP) 
x2 = duration of exposure to pollutants (DOE) 
x3 = job duration (JOBD) 
x4 = age of workers (AW) 
e = error term 
Furthermore, for the assessment of cardiovascular health in the sampled populations, the electrocardiographic 

graph of individuals obtained through the use of electrocardiogram (ECG) machine at the University of Port 
Harcourt Teaching Hospital were analyzed by using the “Minnesota code”. This scheme of classification of 
electrocardiographic findings in adult population provided a framework for reporting ECG items in uniform and 
clearly defined terms. 

Code Item             Aspect Analysed 
1                Q-wave amplitude 
2            Axis Deviation-QRS-Complex 
3              High amplitude R waves 
4               ST-segment depression 
5                T-wave negativity  
6               AV conduction defect 
7             Ventricular conduction defect 
8                  Arrhythmias 
9                Low QRS amplitude 
10               ST segment elevation 

Haven examined the technique of analysis used for the study; the map below (Figure 1) shows the sampled  
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Figure 1. Sampled abattoirs in the study area.                                                                                                                         
 
abattoirs used for the study.  

3. Results and Discussion of Findings 
Findings showed that the mean concentration of pollutants at the sampled abattoirs. From the table, it was ob-
served that 0.72 mg/m3 for at the Trans-Amadi (Zoo) abattoir was the highest compared to its concentration at 
other sampled stations. At Rumuokoro CO has the overall high mean concentration of 0.77 mg/m3 while O3, SO2 
and H2S values were 0.39, 0.26 and 0.22 mg/m3 respectively. Carbon monoxide mean value of 0.56 mg/m3 for 
CO was the highest concentration at Rukpoku abattoir, the case was also the same for Ogbogoro abattoir with 
CO value of 0.64mg/m3 having the highest mean concentration. In all the table indicates that the 10.52 mg/m3 
for PM10 stand out to be significantly higher compared to other pollutants throughout the study areas, though in 
other areas the same pollutant are also the most significant. At the Trans-Amadi abattoir, NO2 was absent in the 
atmosphere while PM2.5 (3.0 µg/m3) were relatively high and PM10 (10.52 µg/m3) value were quite higher than 
all others. Table 3 and Table 4 (see attached page) shows the prevalence of different susceptibility factors and 
ECG findings using Minnesota codes for different age group at different abattoirs respectively. The Table 3 
specifically indicated that some of the respondents are either diagnosed hypertensive or diabetic, or had suffered 
or treated Asthma or Tuberculosis at one time or the other. Table 5 gives a summary of the age distribution of 
the incidence of CVD in the four studied locations. 

From the table, it is clear that there are twenty (25) occurrences of CVD in the studied population at Trans- 
Amadi abattoir and this spreads across the different age groups as follows: three (3) in the 11 - 20 age group, 
seven (7) in the 21 - 30 age group, ten (10) in the 31 - 40 age group, three (3) in the 41 - 50 age group and two (2) 
in the above 50 age group. There are six (6) occurrences of CVD in the population of interest at the Rumuokoro 
abattoir with four (4) occurrences appearing in the 21 - 30 age group and one (1) occurrence each in the 31- 40 
and 41 - 50 age group respectively. The four occurrences recorded at the Rukpokwu abattoir cut across only the 
21 - 30 and 31 - 40 age group with two (2) occurrences each respectively. Elelenwo abattoir recorded a total of 
seven (7) occurrences of CVD out of which three (3) was recorded in the 21 - 30 age group, two (2) in the 31 - 
40 age group and one (1) each in the 41 - 50 and above 50 age groups respectively. Finally, forty occurrences of 
CVD were recorded in the population of different age groups in the four studied locations and the findings re-
veals only three (3) of such occurrences in the 11 - 20 age group. Sixteen occurrences of CVD were found in the 
21 - 30 age group, fourteen recorded in the 31 - 40 age, five (5) in the 41 - 50 age group and lastly three (3) in 
the above 50 age group. From all indication, the 21 - 30 age group with sixteen occurrences appear to be the 
highest which implies that they are the most vulnerable among the age groups that work in the abattoir. 
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Table 3. Prevalence of different susceptibility factors of different age groups in the four study locations.                                                             

Susceptibility 
factors 

11 - 20 yrs 21 - 30 yrs 31 - 40 yrs 41 - 50 yrs 50 yrs and above Total 

TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL 

Diagnosed 
Hypertension 0 1 0 0 3 0 0 1 1 1 1 1 0 1 0 1 2 1 0 1 5 4 1 4 

diagnosed  
Diabetes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 

Suferred or 
treated  

Asthma 0 0 0 0 1 1 1 1 0 1 0 1 2 1 1 1 0 0 0 0 2 3 2 3 

Stroke 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tuberculosis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

Family History  

Hypertension 4 1 2 0 2 0 1 0 1 2 0 1 0 0 0 0 2 1 0 1 9 4 3 2 

Diabetes 1 3 1 0 2 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 4 4 2 1 

Heart Problems 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 2 2 0 0 

Stroke 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 2 0 0 

Cancer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Any Others 1 0 0 1 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 2 1 2 1 

TA: Trans-Amadi; RM: Rumuokoro; RK: Rukpoku; EL: Elenlewo. 
 

Table 4. Occurrence of cardiovascular diseases in the population of different age groups in the four study locations.                                                             

ECG  
Findings 

Minnesota 
Code 

11 - 20 21 - 30 31 - 40 41 - 50 50 and above All age groups 

TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL TA RM RK EL 

Q-Wave Amp. 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 4 0 1 0 

Axis Deviation 
QRS-Complex 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 

 0 0 1 

High Amp. 
R-waves 3 0 0 0 0 2 1 0 1 2 0 0 1 1 0 0 0 1 0 0 0 6 1 0 2 

ST-segment  
depression 4 1 0 0 0 2 1 1 0 3 1 0 0 1 1 0 1 0 0 0 0 7 3 1 1 

T-wave  
negativity 5 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 

AV  
Conduction  

Defect 
6 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 

Ventricular  
block 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Arrhythmias 8 0 0 0 0 0 1 0 0 0 0 0 0 0  0 0 0 0 0 0 0 1 0 0 

Low QRS  
amplitude 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ST-elevation 10 1 0 0 0 1 1 0 1 2 0 1 0 1 0 0 0 0 0 0 1 5 0 1 2 

TA: Trans-Amadi; RM: Rumuokoro; RK: Rukpoku; EL: Elenlewo. 

The Relationship between Atmospheric Pollutants and the Occurrence of  
Cardiovascular Diseases at Different Abattoirs 
The correlation matrix (Table 6) of the regression CVD on duration of exposure and pollutants concentration at  
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Table 5. Occurrence of CVD in the population of different age groups in the four study locations.                                                             

Sampled Locations 
Age in years 

11 - 20 21 - 30 31 - 40 41 - 50 >50 Total 

Trans-Amadi 3 7 10 3 2 25 

Rumuokoro 0 4 1 1 0 6 

Rukpokwu 0 2 2 0 0 4 

Elelenwo 0 3 2 1 1 7 

Total 3 16 14 5 3 42 

 
Table 6. Zero-order correlation matrix of the occurrence of CVD on duration of exposure and pollutant concentration at 
Trans-Amadi abattoir.                                                                                                                         

PARAMETERS CVD DOE O3 SO2 CO PM10 

CDV 1.000      

DOE 0.379* 1.000     

O3 0.054+ 0.145+ 1.000    

SO2 0.172+ 0.206+ −0.140+ 1.000   

CO 0.137+ 0.037+ 0.414+ −0.018+ 1.000  

PM10 0.122+ −0.115+ −0.012+ 0.297+ 0.193 1.000 

DOE: Duration of exposure. *correlation is significant at the 5% alpha level (2-tailed). +Correlation is not significant at 5% alpha level (2-tailed). 
 
Trans-Amadi abattoir shows that an increase in the concentration of Ozone (0.05), SO2 (0.17), CO (0.13), PM10 
(0.12) will lead to an increase in cardiovascular diseases among the workers at the abattoir. 

Result indicates that the occurrence of cardio-vascular diseases has low, positive and significant association 
with duration of exposure (0.4) of the abattoir workers to the atmospheric pollutants in the vicinity of the abat-
toirs. Similarly, the O3 (0.05), SO2 (0.17), CO (0.14) and PM10 (O.12) were significant at 95% confidence level. 
The correlation matrix showed that the pollutants had very low, positive but non-significant association with the 
occurrence of cardiovascular diseases at Trans-Amadi abattoir at (P > 0.05). These results implied that the oc-
currence of cardio-vascular disease do not significantly favour an increase in O3, S02, CO and PM10 but favours 
an increase in the duration of exposure of the abattoir workers to the pollutants in the daily activities at the Trans 
Amadi Area. The vulnerability of the workers to cardio-vascular diseases is brought about by corresponding in-
crease in the concentration of O3, SO2, CO and PM10. 

Using the standardized coefficients, the model predicting the occurrence of cardio-vascular diseases to the 
parameters of duration of exposure and concentrations of the atmospheric pollutants is shown in Equation (9). 

3 2DOE O SO CO PM10CVD 3.348 385 0.041 0.51 0.116 0.129= − + − + + +                   (4) 

The analysis of variance of the model shows that with an Fcal value of 0.858, with an R2 value of 0.184, the 
coefficient of determination revealed that DOE accounts for 18.4% of the variation in the incidence of CVD 
among the abattoir workers in Trans-Amadi. This result indicates that 79.1% of the chances of abattoir workers 
having CVD are explained by other factors which may include, physiological differences, frequency of visits to 
the area, the degree and concentration of the atmospheric pollutants, the meteorological conditions of the abat-
toir which determines to a large extent the level of atmospheric loading of the pollutants. This study supports the 
findings of [15] [20] [24]-[26]. These studies on epidemiological and clinical evidence which has over the last 
decade, led to a heightened concern about the potential deleterious effects of ambient air pollution on health and 
its relation to heart disease and stroke. Of special interest are several environmental air pollutants that includes 
carbon monoxide, oxides of nitrogen, sulfur dioxide, ozone, lead, and particulate matter (“thoracic particles” 
[PM10] < 10 μm in aerodynamic diameter, “fine particles” [PM2.5] < 2.5 μm, and “coarse particles” [PM10 to 
PM2.5). These pollutants are associated with increased hospitalization and mortality due to cardiovascular dis-
ease, especially in persons with congestive heart failure, frequent arrhythmias, or both. The scatter gram of the 
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relationship between the occurrence of cardiovascular diseases and the independent variables in Trans-Amadi 
abattoir are shown in Figures 2-6. 

However, at the Rumuokoro abattoir, the correlation matrix (Figure 7) between the occurrence of cardio- 
vascular diseases and the parameters shows that Carbon monoxide (0.57) and duration of exposure (0.22) were 
the only variables which had the highest and positive correlation values. DOE and CO were also significant with 
a t-cal value of 3.18 and 4.0 respectively as against t-crit value of 2.36 respectively. 

The r2 statistic showed that 90.7% of the variation in occurrence of CVD is accounted for by Carbon monox-
ide concentration and duration of exposure of victims at the Rumuokoro abattoir (Table 7). It is therefore clear 
that amongst other factors which accounts for the occurrence of cardiovascular diseases, increasing concentra-
tion of Carbon monoxide and duration of exposure of victim is one key determinant. This is in tandem with the 
view of [20] that acute exposure to high concentrations of CO can be fatal due to hypoxia and chronic exposure 
is associated with cardiovascular attacks, neuro-behavioural, fibrinolytic, and perinatal symptoms. Symptoms of 
repeated low level exposures include headache, nausea, confusion, motor and sensory performance, chest pain,  

 

 
Figure 2. Scattergram of duration of exposure—occurrence of cardio-vascular relationship at Trans-Amadi 
abattoir.                                                                                                                         

 

 
Figure 3. Job duration—occurrence of cardio-vascular diseases relationship at Trans-Amadi abattoir.                                                             

 

 
Figure 4. PM10 concentration—occurrence of cardio-vascular diseases relationship at Trans-Amadi abattoir.                                                             
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Figure 5. SO2 concentration—occurrence of cardio-vascular diseases relationship at Trans-Amadi abattoir.                                                             

 

 
Figure 6. Carbon Monoxide concentration—occurrence of cardio-vascular relationship at Trans-Amadi ab-
attoir.                                                                                                                         

 

 
Figure 7. Scattergram of duration of exposure—occurrence of cardio-vascular diseases relationship at Ru-
muokoro abattoir.                                                                                                                         

 
Table 7. Zero-order correlation matrix between occurrence of cardio-vascular diseases and pollutant concentrations at Ru-
muokoro abattoir.                                                                                                                         

Parameters CVD DOE O3 SO2 CO PM10 Tcal Tcrit 

CDV 1        

DOE 0.217+ 1     3.183 2.36 

O3 0.217+ 0.603* 1    0.430 2.36 

SO2 −0.268+ 0.228+ −0.045+ 1   0.053 2.36 

CO 0.571* −0.509* −0.110+ −0.416* 1  4.008 2.36 

PM10 −0.113+ −0.550* −0.165+ −0.219+ 0.144+ 1 1.470 2.36 
*Correlation is significant at the 5% alpha level (2-tailed). +Correlation is not significant at 5% alpha level (2-tailed). 
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and diarrhea. 
The relationship between CVD, and carbon monoxide and duration of exposure is captured in a regression 

model using the standardized coefficient as shown in Equation (11). 

3 2DOE O SO CO PM10CVD 27.34 1. 45 0. 45 0.01 1.29 0.43= − + − + + +                  (5) 

The scattergram of the relationship between the occurrence of cardiovascular diseases and duration of expo-
sure, job duration, age of workers and the concentration of carbon monoxide are shown in Figures 7-10. 

At the Rukpokwu abattoir, the correlation matrix (Table 8) shows that there is an inverse relationship be-
tween duration of exposure (−0.14) and particulate matter (10) micron (−0.18): But age (0.06), 03 (0.40), SO2 
(0.23). CO (0.14) correlated directly to the occurrence of CVD. This result implies that as the concentration of 
these gases increase and age similarly increases, the chances of the abattoir worker been infested with CVD will 
increase. 

 

 
Figure 8. Scattergram of Job duration—occurrence of cardio-vascular diseases relationship at Rumuokoro 
abattoir.                                                                                                                         

 

 
Figure 9. Scattergram of age—occurrence of cardio-vascular diseases relationship at Rumuokoro abattoir.                                                             

 

 
Figure 10. Scattergram of carbon monoxide concentration—occurrence of cardio-vascular diseases rela-
tionship at Rumuokoro abattoir.                                                                                                                         
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Table 8. Zero-order correlation matrix for the occurrence of CVD and pollutant and analyzed parameters at Rukpokwu ab-
attoir.                                                                                                               

Parameters CVD AGE DOE O3 SO2 CO PM10 

CDV 1.00       

AGE 0.06 1.00      

DOE −0.14 0.81** 1.00     

O3 0.40 −0.59 −0.19 1.00    

SO2 0.23 −0.12 0.37 0.74* 1.00   

CO 0.14 −0.21 0.31 0.77* 0.99** 1.00  

PM10 −0.18 −0.95 −0.61 0.70 0.31 0.41 1.00 
*correlation is significant at 0.05 level (2-tailed). **correlation is significant at the 0.01 level (2 tailed). 

 
Findings indicate that Age and duration of exposure (Age & DOE); Carbon monoxide (CO) and Sulphur Dio-

xide (SO2); SO2 and O3; CO and O3 show significant correlations at different probability levels. DOE and CVD, 
PM10 and CVD depicts an inverse relationship (r = −0.14, p > 0.05), (r = −0.18, p > 0.05) which means that an 
increase in duration of exposure and concentration of particulates (10) microns will not result to the occurrence 
of cardio-vascular disease at the Rukpokwu abattoir. This result therefore agrees with the following studies. 
Excess risk of myocardial infarction or ischemic heart disease was found to be related to increased particle level. 
This was demonstrated in three studies and as a matter of fact one found that this risk was associated with in-
creased concentrations of SO2 and CO respectively amongst others. An increase in SO2 was associated in more 
than half of the studies with increased doctors’ house calls and hospital admissions for myocardial infarction, 
angina, or ischemic heart disease. The association persisted when other pollutants were taken into consideration 
especially CO [27].  

This relationship is captured in a regression model Equation (11); 

3 2DOE O SO PM10CVD 55.01 1.03 1.27 0.20 1.75= − + + −                       (6) 

Findings revealed that at the Elelenwo abattoir, the concentration of pollutants and parameters of job duration 
and duration of exposure shows insignificant and significant as well as low (positive and negative associations 
among the parameters. However, SO2 and CVD; DOE and age; JOBD and DOE; JOBD and Age show signifi-
cant correlations at different probability levels. SO2 and CVD Depicts an inverse relationship (r = 0.62, p > 0.05), 
O3 and CVD (r = 0.3, p > 0.05); CO and CVD (r = 0.2, P > 0.05) which means that an increase in the concentra-
tion of SO2, O3, & CO will not lead to the occurrence of CVD and vice versa. Similar strong relationship was 
observed between DOE and JOBD (r = 0.91, p > 0.05) as well as Age and JOBD (r = 0.90, p > 0.05); DOE and 
Age (r = 0.83, p > 0.05). The result further shows that CVD has positive associations with age (r = 0.30), JOBD 
(0.13) DOE (0.20), which imply that an increase in age, job duration and duration of exposure will result in the 
corresponding increase in the occurrence of cardio-vascular diseases at Elelenwo abattoir. However, the high 
positive relationship between the parameters suggests similar treatment in the same local environment while the 
negative associations suggest the contrary. The reason for this positive relationship between pollutants concen-
tration, duration of exposure and job is that air pollutants has the capacity to accelerate the development of co-
ronary atherosclerosis and worsen its sequelae. Some of these effects may occur over time (duration of exposure 
and duration of job), as with acceleration of the progression of atherosclerosis, or rather abruptly, as with the 
triggering of an arrhythmia or myocardial infarction by acute inflammatory responses, altered platelet adhesive-
ness, or perhaps vascular endothelial dysfunction. These findings corroborate with other contemporary studies 
suggesting possible links between acute and/or chronic exposure to pollutants and cardiovascular events may be 
related to increases in heart rate and blood pressure, fibrinogen, and blood coagulation factors; arterial vasocon-
striction; inflammatory mediators (e.g., C-reactive protein [CRP]); endothelial injury/dysfunction; and decreases 
in heart rate variability (HRV) [28]. Consequences of these effects may include myocardial ischemia (mani-
fested as significant ST-segment depression during exercise testing [29], angina pectoris, or both), malignant 
ventricular arrhythmias [30], increased plaque vulnerability, and enhanced potential for acute thrombosis trig-
gering acute coronary syndromes. In advancing further reasons for the observed relationship between CVD and 
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pollutants concentration, duration of exposure and job in this study, several controlled-exposure studies demon-
strate that inhalation of particles [31]-[33] and O3 [34] evokes both a pulmonary and a systemic inflammatory 
response in humans. One hour of exposure to very high concentrations of diesel exhaust has been shown to in-
duce an inflammatory reaction in the lungs of healthy adults. This response included increased numbers of Po-
lymorph nuclear leukocyte (PMNs), T- and B-lymphocytes, mast cells, and inflammatory mediators [35]. One of 
these studies showed an increase in adhesion molecules that facilitate the passage of inflammatory cells from the 
circulation into the airways. In the blood, platelets and PMNs increased, which suggests that exposure to diesel 
exhaust particles (DEPs) stimulated the bone marrow to release these cells into the circulation [2]. Of note is that 
the strength of plasma level of fibrinogen to predict cardiac events and death in middle-aged men is modified by 
the presence of other inflammation-sensitive proteins [36], which suggests that inflammation has a significant 
role in the determination of cardiovascular risk. In addition, enhanced platelet aggregation may further promote 
acute thrombosis formation after exposure to diesel exhaust [37] and Ultra Fine Particulates (UFPs) [38]. The 
mechanisms responsible for platelet activation and fibrinogen elevation remain to be fully elucidated. Neverthe-
less, these findings support the notion that air pollution can acutely increase the risk of thrombosis, thus pro-
moting ischemic events. 

4. Recommendation 
There should be a deliberate effort to regularly monitor and compare inventory records of pollutant concentra-
tions with emission standards to ascertain 1-hour, 8-hour, 24-hour, quarterly and annual average of the criteria 
pollutant and others emitted in the abattoir. This should be complimented with enlightenment programmes for 
purposes of sensitizing and encouraging abattoir worker to understand the health implications of their exposure 
to emission at the abattoirs. Prevention is likely to provide the most effective gains against highly unpredictable 
events such as acute myocardial infarction (MI), stroke or arrhythmia; we need to identify more clearly the pre-
ventable and the modifiable causes of heart disease. Further studies are urgently needed to: identify the contri-
bution of individual pollutants to specific aspects of cardiovascular disease; establish causality; elucidate the 
underlying physiological and molecular mechanisms; estimate the relative susceptibility of diseased and healthy 
individuals and that of specific population groups; and determine whether pollutant exposure and risk correlates. 

5. Conclusion 
This study investigated the spatial analysis of the occurrence of cardiovascular diseases associated with the air 
quality of selected abattoirs in Port Harcourt, Rivers State. However, the essence of this research was to investi-
gate the factors that influence the occurrence of cardiovascular diseases among abattoir workers in Port Harcourt 
and to determine the strength of those variables. The study reveals that the occurrence of cardiovascular diseases 
in the study area is a function of pollutant concentration, duration of exposure to pollutants, age of the worker 
and daily duration on the job. 
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