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Abstract
Objective: Vehicular activities have been associated with Carbon 
(II) Oxide (CO) emission, which inhalation is implicated in the 
etiology of a cocktail of debilitating diseases. This study evaluated 
vehicular activities and the volume of CO emission at Osisioma-
Aba, Abia State, Nigeria, to point out the potential public health 
challenges facing roadside traders and artisans. 

Method: Vehicular activities and tailpipe CO emission were 
determined at designated locations (1, 2, 3 and 4) along the 
Osisioma-Port Harcourt Express road, using digital tally counter 
and Gasman gas monitors, respectively. The control location was 
at Owerre-Aba with less vehicular activity. Each location was clearly 
marked with Geographical Positioning System (GPS MAP(R) 78).

Result: The least number of vehicles (246) was recorded at location 
3 between 8-9 am, while the highest number of vehicles (2540) was 
recorded at location 1 between 15:00-16:00 h, at the study site and 
between 89 and 244 at the control site. At all times, the total number 
of vehicles ranged from 1,109 vehicles between 8-9 am, to 9,417 
vehicles between 15:00-16:00 h at the study site. The percentage 
differences between the vehicular load at the study site and that 
of the control site ranged between 91.98 during the period 8-9 am 
to 97.41 during the period between 15-16 pm. The vehicular load 
showed periodic and location variation with significant difference 
at p<0.0001. At the study locations, the CO volume ranged from 
94.30 ppm (8-9 am) to 282.30 ppm (15-16 pm), and from 6.18 ppm 
(15-16 pm) to 8.56 ppm (9-10 am) at the control site. There were 
both location and periodic variations of CO volume at the study and 
control sites with significant difference at p=0.0001. There were 
significant correlations between vehicular load and CO emission 
(r>0.8413, p<0.05) at all the locations of the study site but not at 
the control site. 

Conclusion: The values of tailpipe CO emissions at various 
points in the study site were above safety level as recommended 
by National and International regulatory bodies. This observation 
poses public health challenges to artisans and others who are 
continuously exposed to tailpipe CO emission at Osisoma-Aba.
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Introduction
Urbanization, technological advancement and civilization are 

the triplet sisters responsible for air pollution. Air pollution is the 
introduction of foreign bodies in the ambient air or increasing the 
concentration of pre-existing ones beyond the normal environmental 
resilient properties and carrying capacity, resulting in systematic or 
total breakdown of the dynamic aero-equilibrium [1].

Automobiles in Nigeria are powered by petroleum products, which 
though consisting of hydrocarbons, contain some other chemical 
additives. On combustion, these constituent chemical compounds 
are released into the atmosphere, with potential for harming humans 
and animals. CO, a product of incomplete combustion, is a colourless, 
odourless and poisonous gas which has been associated with a lot 
of diseases, especially those of the respiratory and cardiovascular 
variant. The health effect of this gas appears to be age-dependent, 
as it is most pronounced in infants and aged people [2]. Immune 
compromised individuals are also highly susceptible to the deleterious 
effects of CO [3]. CO combustion is impaired by tail-pipe blockage 
commonly experienced in old vehicles which ply several roads in the 
cities of Nigeria, thus exposing the road users, hawkers, and artisans 
to the increased risk of inhalation and associated repercussions such 
as visual impairment, reduced work capacity and mental dexterity, 
poor learning ability, nausea, headaches, dizziness, and even death. 

Some of the other by-products of petroleum products combustion 
such as CO2, hydrogen sulphide, particulate matter, methane - are 
implicated in global warming and may synergistically interact with 
CO in disease aetiology. Exposure to motor vehicle pollutants can 
occur while inside vehicles and while working, walking or living along 
roadsides [4].

The environment of Aba Nigeria is dotted with artisanal shops 
and food vendors. In line with the increasing industrialization and 
concomitant urbanization, is an upsurge in vehicular activities. The 
vehicular activities pose a potentially grave danger to roadside traders 
and artisans who are constantly exposed to tailpipe CO emission 
and associated particulate matter pollutants. The urban atmosphere 
is subjected to large inputs of contaminants, the composition of 
which reflects the contribution of different sources [5]. These sources 
are mainly anthropogenic and include asphalt, weathered street 
materials, biomass combustion, industries and automobiles [6]. The 
contribution of urban atmospheric contaminants by automobiles 
appears to be more significant particularly in developing countries 
[7,8]. In most developing countries including Nigeria, vehicle 
emissions standards, even if they exist are not adequately enforced 
and in addition, the use of leaded fuel continues to persist. Pollution 
of the urban atmosphere by contaminants arising from automobiles 
and other sources is considered a real and serious problem [9]. 
This is because these contaminants have various effects including 
acceleration of the deterioration of materials, reduction in visibility 
and interference with human comfort and health [10,11].
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There is a need to investigate the relationship between heavy 
vehicular activities and CO emissions. This will aid in understanding 
the need to enforce mitigating measures against CO pollution of 
vehicular origin. Thus, this study is designed to assess the relationship 
between vehicular activities and tailpipe Carbon (II) Oxide emission 
at some points along Osisioma-Portharcourt express road in Aba, 
Abia State, Nigeria.

Materials and Methods
Study area

Aba is a cosmopolitan city reputed for its commercial activities and 
may be considered as a stop-over town for vehicles from Owerri, in 
Imo State, Umuahia, in Abia State and Enugu, in Enugu State en-route 
Port Harcourt in Rivers State and vice versa .The Aba general motor 
park for inter-state commuters is also located in Osisioma and so are 
many hotels, private and public schools. Military base and Abia State 
Polytechnics are within trekking distance to the study area. Automobile 
repair and service stations are common features with local eateries and 
other artisanal activities dotting the landscape .The environment of Aba 
is characterized by a beehive of human and vehicular activities, making 
it the busiest part of the Abia state, Nigeria. The control location was in 
Owerre-Aba, about three kilometres away from Osisioma, and known 
for low vehicular activity. All study and control locations were clearly 
marked with Geographical Positioning System (GPS).

Methodology

The vehicular activities were evaluated by numerical counting of 
total number of vehicles per hour for eight hours (8 am-4 pm) per 

day for five days, using hand-held digital tally counter. The average 
number of vehicles for 8 h on each day was taken as the vehicular 
activity for that day, from day 1 to day 5. Both gas monitoring and 
vehicular activities were done at designated locations (1, 2, 3 and 4).

The tail pipe CO gas emissions along Osisioma-Port Harcourt 
Express road was analyzed by direct reading engineering method 
(DREM) using Gasman gas monitors pre-calibrated according to 
manufacturer’s instructions. The gas monitor was continuously 
exposed all through the day and readings were taken intermittently at 
5 min interval for 12 readings in an hour. The average of the readings 
for one hour was taken as the cumulative CO gas emission in an 
hour and the average of the hourly readings for 8 h was taken as the 
cumulative gas emission for the day at each location, from day 1 to 
day 5.

One way Analysis of Variance (ANOVA) was used to compare 
gaseous emission and vehicular activities among the locations, while 
correlation analysis was used to determine the relationship between 
gaseous emission and vehicular activities at each location. 

Results
The results of the study are presented in Tables 1 and 2 and 

Figures 1 (a-d). The least number of vehicles (246) was recorded 
at location 3 between 8-9 am, while the highest number of vehicles 
(2540) was recorded at location 1 between 15:00-16:00 h, at the study 
site and between 89 and 244 at the control site. At all times, the total 
number of vehicles ranged from 1,109 vehicles between 8-9 am, to 
9,417 vehicles between 15:00-16:00 h at the study site. The percentage 

Vehicle Type Time Interval
 8 -9 am 9-10 am 10-11 am 11-12 am 12-13 pm 13-14 pm 14-15 pm 15-16 pm

Location 1   291   438   891 1026 1188 1281 1581 2540
Location 2   283   418   514   605   826 1109 1234 2431
Location 3   246   531   681   661   736 1458 2068 2393
Location 4   289   415   521   733   918 1483 1883 2053
Total (Test) 1109 1802 2607 3025 3668 5331 6766 9417
Average
One-way ANOVA (F = 49.36, P<0.0001)
Total (Control) 89 114 102 126 183 189 186 244
 % Difference 91.98 93.67 96.09 95.84 95.01 96.46 97.25 97.41

Table 1: Total number of vehicles in five days of the week at the study and control sites.

Locations Time Interval
8 -9 am 9-10 am 10-11 am 11-12 am 12-13 pm 13-14 pm 14-15 pm 15-16 pm

Mean (SEM) Mean
(SEM) Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)

Control 4.91
(0.71)

8.56
(0.73)

3.19
(0.22)

3.21
(0.36)

4.11
0.60

4.94
(1.40)

7.23
(0.76)

6.18
(1.34)

Location 1 94.30*
(4.87)

115.0*
(8.54)

94.4**
(14.67)

182.8*
(14.91)

171.2***
(29.16)

191.3*
(3.04)

201.9*
(19.79)

282.3*
(29.65)

Location 2 184.5*
(21.34)

193.8*
(17.34)

182.8*
(26.78)

212.6*
(29.47)

187.7*
(20.95)

229.4*
(24.38)

208.6*
(8.90)

243.6*
(17.32)

Location 3 171.4*
(3.90)

181.5*
(23.46)

148.0*
(15.14)

187.6*
(14.01)

222.0*
(13.47)

206.5*
(23.17)

242.6*
(19.50)

260.0*
(22.58)

Location 4 112.7*
(9.88)

156.4*
(12.22)

136.0*
(12.27)

152.6*
(7.02)

176.0*
(16.58)

190.3*
(6.68)

230.5*
(10.85)

237.2*
(13.87)

One-way ANOVA  (F = 7.128, P = 0.0001)
*P<0.0001, **P = 0.0003, ***P = 0.0004

Table 2: Carbon II oxide levels (ppm) at various locations compared to the corresponding period of the Control site.
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differences between the vehicular load at the study site and that of the 
control site ranged between 91.98 during the period 8-9am to 97.41 
during the period between 15-16 pm. 

Vehicular activities increased across the table from 8-9 am to 
15-16 pm at all locations, with the peak period at 15-16 pm. The 
vehicular load showed periodic and location variation with significant 
difference at p<0.0001. During the period between 8-9 am, location 
1, recorded the highest number of vehicles, followed by locations 
4, 2 and 3, respectively. The period between 9-10 am recorded the 
highest vehicular load at location 3, followed by locations 1, 2 and 
4 respectively. Location 1 recorded the highest numbers of vehicles 
during the period between 10-11 am, followed by locations 3, 4 
and 2 respectively. The period between 11 am-12 pm recorded the 
highest number of vehicles at location 1, followed by locations 4, 2 
and 3 respectively. During the period between 13-14 pm, the highest 
number of vehicles was recorded at location 4, followed by locations 
3, 1 and 2 respectively. The highest number of vehicles was recorded at 
location 3, followed by locations 4, 1 and 2, during the period between 
14:00-15:00. The vehicular number followed a decreasing order down 
the table from locations 1-4, during the period between 15-16 pm. 

Table 2 presents the volume of carbon (ii) oxide (CO) in parts 
per million (ppm) emitted from the vehicles at various locations and 
times in the study site, compared to the control site locations. At 
the test location, the CO volume ranged from 94.30 ppm (8-9 am) 

to 282.30 ppm (15-16 pm) at location 1. The highest volume of CO 
at the control site was recorded during the period between 9-10am  
(8.56 ppm), followed by the periods between 14-15 pm (7.23 ppm) 
and 15-16 pm (6.18 ppm). There were both location and periodic 
variations of CO volume at the study and control sites with significant 
difference at p=0.0001. 

At the study site the period between 8-9 am, recorded the highest 
volume of CO at the location 2, followed by locations 3, 4 and 1 
respectively. The period between 9-10 am recorded the highest CO 
volume at location 2, followed by locations 3, 4 and 1 respectively. 
The same trend followed in the period between 10-11 am. The period 
between 11 am-12 pm witnessed the highest CO emission at location 
2, followed by locations 3, 1 and 4. During the period between 12 am-
13 pm, the highest volume of CO emitted was recorded at location 
3, followed by locations 2, 4, and 1. The period between 13-14 pm 
recorded highest CO volume at location 2, followed by locations 3, 
1 and 4. Location 3 recorded the highest volume of CO, followed by 
locations 4, 2 and 1, during the period between 14-15 pm, while the 
period between 15-16 pm recorded highest CO at location 1, followed 
by locations 3, 2 and 4. 

Figures 1(a-d) present the correlation of vehicular load with 
CO values of various days at the study site. Figure 1a presents the 
vehicular load versus the CO emission at location 1, while Figures 
1b, 1c, and 1d represent vehicular volume and CO values at locations 
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Figure 1: Figures 1(a-d) presents the correlation of vehicular load with CO values of various days at the study site. Figure 1a presents the vehicular load versus 
the CO emission at location 1, while Figures 1b, 1c, and 1d represent vehicular volume and CO values at locations 2, 3, and 4 respectively.
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2, 3 and 4 respectively. At this study site, there were significant 
correlations between vehicular load and CO emission at location 1 
(Pearson r=0.9136 at 95% confidence interval, p=0.0015), at location 
2 (Pearson r=0.8413, p=0.0088), at location 3 (Pearson r=0.8505, 
p=0.0074), and at location 4 (Pearson r=0.9645, p=0.0001). Figure 2 
represents the vehicular load and the CO emission at the control site, 
and there was no significant correlation between the vehicular load 
and CO emission (Pearson r=0.2166, p=0.6064). 

Discussion
Ambient air pollution of anthropogenic origin remains one of 

the major environmental problems facing the global community. It is 
well known that urban environments contain higher ambient carbon 
(II) oxide or carbon monoxide (CO) concentrations, primarily due to 
automotive emissions, and non-smoking city dwellers have been found 
to have carboxyhemoglobin (COHb) levels in the 1-2% range [12]. 
CO from motor-vehicle exhausts is the single most common cause of 
poisoning deaths in the United States [13]. Of the 11 547 unintentional 
CO deaths during 1979-1988, 57% were caused by motor vehicle 
exhausts, 83% of these were associated with stationary vehicles. 

Recently, the problems of environmental pollution have been 
forced into the mass consciousness in Nigeria, as a result of the 
devastating effects of petroleum-related pollution, especially the oil 
spills and gas flaring. Regrettably, little has been reported on the 
damaging effects of mobile transportation as a source of air pollution 
[14-16]. This study brought forth the case of vehicular activities and 
CO emission at some points along Osisioma-Port Harcourt express 
road in Aba, Abia State, Nigeria. In this study, at all times, the total 
number of vehicles ranged from 1,109 vehicles between 8-9 am to 
9,417 vehicles between 15:00-16:00 h. The CO volume ranged from 

94.30 ppm between 8am and 9 am to 282.30 ppm between 15.00 and 
16.00 pm. The highest volume of CO at the control site (8.56ppm) was 
recorded during the period between 9-10 am, followed by 7.23 ppm 
and 6.18 ppm from 14.00-1500 pm and 15.00-16.00 pm respectively. 
The values of tailpipe CO emissions at various points in the study 
site were above safety level as recommended by National and 
International regulatory bodies. There were significant correlations 
between vehicular loads and CO emissions in each of the four 
locations of the study, but not in the control site.

Vehicular activities increased as the day progressed from early 
noon to early evening. This is usually the period of peak human 
activities when traders, artisans, school children and civil servants 
are involved in mass transit to or from their different points of 
engagements. The report agrees favourably with the study of Etiuma 
et al. [17]. At these periods, the volume of CO recorded showed an 
increasing trend; thereby implicating vehicular activities as a causative 
factor in tailpipe-CO emission [18-20].There were also variations in 
the vehicular load across the locations with locations 1 and 3 recording 
high number of vehicles at most times. These locations had multiple 
pot holes which slowed down vehicle transient period. At such point 
also, road side trading abounds, thereby increasing the population of 
people exposed to tail pipe CO emission. 

Decrease in transient period resulted in more vehicular activities 
at such points and hence higher volume of CO emission. The works 
showed that the nature of roads in a city could affect vehicular load 
[21,22], with bad roads experiencing more congestion, higher number 
of vehicles per given time, and higher volume of vehicular tail pipe 
emission. The high values of CO obtained at the study site are in tandem 
with the works of Koku and Osantogun [23] who reported CO range of 
233-317ppm in three cities (Lagos, Ibadan and Ado) in Nigeria.
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Figure 2: Figure 2 represents the vehicular load and the CO emission at the control site.
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The significant correlation between vehicular load and CO 
emission observed at the four points in the study site as opposed to 
no correlation at the control site pointed to the fact that artisans and 
road side traders along the Osisioma Port-Harcourt express road are 
at the risk of public health challenges associated with continuous 
exposure to tail pipe CO emission. Exposure to ambient air CO at 
short or long term has negative health implications. Inhaling the 
gas can lead to hypoxic injury, nervous system damage, and even 
death. Different people and populations may have different carbon 
monoxide tolerance levels [24]. On average, exposures at 100 ppm or 
greater is dangerous to human health [25]. In the United States, the 
Occupational Safety and Health, (OSHA) limits long-term workplace 
exposure levels to less than 50 ppm averaged over an 8-h period [26]. 
This is worrisome since the values of CO obtained at various locations 
are well above the statutory ranges, though the CO tolerance level 
for any person is altered by several factors, including activity level, 
rate of ventilation, a pre-existing cerebral or cardiovascular disease, 
cardiac output, anemia, sickle cell disease and other hematological 
disorders, barometric pressure, and metabolic rate [27,28] When a 
fragile economic base and high rate of illiteracy among the artisans 
and road side traders in Osisioma are considered, the future of their 
public health in a CO polluted environment is hazy. 

Osisioma, located at the outskirts of Aba-a cosmopolitan city 
reputed for its commercial activities besides being considered as 
a stop-over town for vehicles from Owerri in Imo State, Umuahia 
in Abia State and Enugu in Enugu State en-route Port Harcourt in 
Rivers State and vice versa, may also be seen as a semi-industrialized 
sub-urban town. Canopy pollution of the urban cities resulting from 
urban industrialization is one of the micro-climatic problems faced 
by many urban cities [29]. The role of canopy pollution in increasing 
urban heat mass transfer contributes in the volatilization of tailpipe 
emissions, enhancing the distribution of CO beyond the immediate 
generation point, to residential houses, schools, hospitals, and eateries 
where children, pregnant women, aged people and patients may be 
exposed to the dangers of continuous exposure to CO inhalation.

The acute effects produced by CO in relation to ambient air 
concentration have been reported by Goldstein [30] and Struttmann 
et al. [31]. The following symptoms are associated with CO at various 
concentrations: headache and dizziness within six to eight hours of 
constant exposure (35 ppm), slight headache in two to three hours 
(100 ppm), loss of judgment (200 ppm), frontal headache within one 
to two hours (400 ppm), dizziness, nausea, and convulsions within 
45 min; insensible within 2 h (800 ppm), headache, increased heart 
rate, dizziness, and nausea within 20 min; death in less than 2 h 
(1600 ppm), headache, dizziness and nausea in five to ten minutes, 
death within 30 min (3200 ppm), headache and dizziness in one to 
two minutes, convulsions, respiratory arrest, and death in less than 
20 min (6400 ppm) and unconsciousness after 2-3 breaths, death in 
less than three minutes (12800 ppm). In a culture characterized by 
inadequate public health awareness, poor diagnostic facilities and 
ineffective national health policy, the possibility of deaths resulting 
from undiagnosed CO poisoning may not be ruled out. 

The economic depression in Nigeria, coupled with illiteracy has 
forced many married women s tissue hypoxia by decreasing the 
release of maternal oxygen to the fetus. Carbon monoxide also crosses 
the placenta and combines with fetal hemoglobin, causing more 
direct fetal tissue hypoxia. Additionally, fetal hemoglobin has a 10 
to 15% higher affinity for carbon monoxide than adult hemoglobin, 
causing more severe poisoning in the fetus than in the adult [32]. 

Elimination of carbon monoxide is slower in the fetus, leading to an 
accumulation of the toxic chemical [33]. The level of fetal morbidity 
and mortality in acute carbon monoxide poisoning is significant, 
so despite mild maternal poisoning or following maternal recovery, 
severe fetal poisoning or death may still occur [34].

CO intoxication follows many pathways, one of which is 
destruction of the mitochondrial respiratory enzyme-chain; this 
limits the effectiveness of tissue oxygen utilization, leading to the 
formation of metabolic intermediaries such as ketone bodies. Also, 
the rate of dissociation between carbon monoxide and cytochrome 
oxidase is slow, causing a relatively prolonged impairment of 
oxidative metabolism [35]. The situation is exacerbated when poor 
dietary knowledge is linked to illiteracy and poverty - the two common 
features among the low income street traders and artisans. The rising 
cases of dietary-related diseases in the country may not be without 
metabolic defects of environmental-induced cellular oxidative stress. 

One other feature of Osisioma-Port-Harcourt express road 
is the proliferation of eateries and kiosks very close to the road. 
These provide food and snacks to the artisans and other people on 
transient, making Osisioma a bedlam of human activities at most 
times of the day. Stationary tricycles and commuter buses waiting for 
passengers play major roles in CO pollution of the study area, beside 
pockets of automobile repair and service stations littered within the 
environment.

Conclusion
Environmental pollution constitutes one of the major problems 

confronting the global community, especially in urban communities 
such as Aba where artisanal activities, operation of commercial 
tricycles and other vehicles are the predominant occupation among 
the peasants. This poses a significant public health problem when the 
poor road network and maintenance result in vehicular congestion at 
some populous locations. In such a situation, inhalation of CO from 
the atmospheric air exposes humans to dangers of airborne diseases.

CO pollution was found to be generally higher in the locations 
with highest traffic volume, suggesting the influence of location and 
traffic volume on atmospheric CO loads. The planting of trees to 
serve as sinks for these pollutants and the use of sustainable transport 
systems, particularly mass transit, should form the key focus of 
transport and urban planning in the congested high vehicular load 
of Osisioma-Aba. 

Tailpipe CO pollution of the atmosphere is a real and serious 
problem especially in urban areas. Vehicular traffic is an important 
source of CO and heavy metals in the urban air. There is a need 
for appropriate government agencies to enforce the installation of 
emission monitoring devices on vehicles to checkmate the level of 
tailpipe emission in Aba urban community. Vehicles found not to be 
road worthy by virtue of CO emission beyond acceptable standards 
should be removed from circulation. The use of appropriate 
respirators by artisans and those whose occupations expose them to 
tailpipe emission should be encouraged.

Preventive and Intervention measures are important public 
health tools. When the case of old automobiles capable of generating 
high ambient CO concentration cannot be totally prevented, an 
intervention method using a Catalytic Connector to minimize 
discharge of CO may be adopted. This is where mass education on 
the health effects of CO is needed, as well as instigating stringent 
regulatory measures by the appropriate government agencies.
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