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Abstract—Port Harcourt is a coastal city located in the 

Niger Delta region of Nigeria, with very short dry season 

and long heavy rainy season periods. The objective of this 

study was to assess air pollution level from vehicular 

emission during the rainy season period. Three locations in 

the city noted for high traffic congestion were selected for 

the study. Air sampling in these locations were carried out 

for 11 days, covering peak and off peak periods. The 

following air pollutants were measured namely; nitrogen 

oxides (NOx), sulphur oxides (SOx), carbon monoxide (CO) 

and unburnt hydrocarbons (CxHy), as well as climatic 

elements – ambient temperature and relative humidity. The 

air pollutant levels obtained were compared with local and 

international standards.  CO complied with international 

standard, but exceeded local standard. There is need for 

effective air pollution monitoring and control, this will go a 

long way to reduce the health risk associated with air 

pollution in the city. 

Keywords— ambient, air pollution, coastal city, 

congestion, exposure. 

 

I. INTRODUTION 

Environmental problems constitute one of the key 

challenges of the 21st century, and urban air pollution is a 

major health hazard worldwide (Avogbe  et al., 2011). Air 

pollution results from four main sources namely; 

industrialization, tobacco smoking, domestic cooking and 

vehicular or machinery fuel combustion (Tanimowo, 2000). 

However, the level of air pollution depends on a country’s 

technology and pollution control. All over Africa, studies 

have shown that air pollution from the four sources 

adversely affect people’s respiratory health (Theron et al., 

1994; Tanimowo, 1995;  Mohammed et al., 1995; Hsairi et 

al. ,1996; Nriagu et al., 1996; Shamssain and Shamissian 

1997; Mengasha and Bekele 1998; Uko et al., 1998; 

Tanimowo, 1998). 

The composition of the ambient air is complex and depends 

on the equality    of fuel, the type of engine, and engine 

maintenance (leong et al., 2002). Motor vehicles in 

developing countries cause serious air pollution because 

they are concentrated in a few large cities, besides, many 

are in poor mechanical conditions, and few if any emission 

standards exist. Vehicular emissions continue to be a major 

threat to environmental health, which is expected to 

increase reasonably as automobile ownership increase 

globally (Abam and Unachukwu, 2009). Vehicle exhaust 

generally contains poly cyclic aromatic hydrocarbons 

(PAHs), particles, carbon monoxide (CO), nitrogen oxides 

(NOx) and volatile organic compounds (VOCs) such as 

benzene. Diesel-powered engines are the major source of 

particle, whereas two stroke motor bikes and petrol powered 

cars emit high levels of VOCs. 

CO is different from most other air pollutants in its acute 

health effects.  Benzene has been classified by the 

International Agency for Research on Cancer (IARC) as a 

human carcinogen (IARC,1997). In addition, exposure to 

benzene has been associated with health effects including 

hematopoietic disorders such as bone marrow deficiency 

and acute myetogenous leukemia in both rodents and 

humans (Hayes et al., 2001). 

Port Harcourt City has acquired national and international 

prominence, because it is the pivot of Nigeria’s oil and gas 

activities, and a state capital. It is therefore not surprising 

that there has been a great influx of people into the city in 

recent years (Nkwocha et al., 2008; Nkwocha et al., 2010), 

with attendant increase in population. In Nigeria, much 

attention is given to general industrial pollution and 

pollution in oil industries, with little reference to damage of 

pollution caused by mobile transportation sources of air 
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pollution (Faboye, 1997; Iyoha, 2001; Magbagbeola, 2001). 

Limited road network, and increase in per capita vehicle 

ownership as a result of economic growth, has led to high 

traffic congestion on city roads and increased the risk of 

pollution from mobile transportation sources. The situation 

is worsened by the fact that most of the vehicles are older 

models, imported used vehicles, and there is no exhaust 

emission control (Mustapha, 2011). The consequence is 

increased health risk on human population. 

Port Harcourt is a coastal city located in the Niger Delta 

region of Nigeria, with very short dry season and long 

heavy rainy season periods. The peak rainfall occurs in the 

month of September. The objective of this study was to 

assess vehicular pollution levels in the city during the rainy 

season period. 

 

II. MATERIALS AND METHOD  

The research involved the collection of data on the 

following air quality parameters; CO, NOx, SOx, and  CxHy. 

The climatic elements sampled were the ambient 

temperature (oC), and relative humility (%). Three highly 

notorious high traffic density junctions in the city were 

selected for the study namely; 

 Rumuokoro Round - about (location A)   

 First Artillery Junction, along Aba Road express 

way (location B) 

 Nkpogu Junction, along Trans-Amadi Road 

(location C). 

Measurement of the selected pollutants at the locations was 

carried out in three (3) time periods, for the duration of 

three working days of the week. They are as follows: 

 7.30 am - 9.00am (Morning peak hours)  

 1.00  - 3.00pm  (Off peak)  

 5.00 pm - 7.00pm  (Evening peaks hours). 

   The peak hours are periods of high traffic congestion. 

This occurs mainly in the morning, and evening hours, 

while the off peak is period of low traffic, which occurs in 

the afternoon.  Measurement of air quality parameters was 

carried out using the Testo 350XL Emission Analyzer. The 

climactic elements - temperature and relative humidity were 

obtained using Thermo- hydrometer- IT202 .The study was 

conducted over a period of 11 days, between 20th August 

and 5th September, 2013. 

 

III. RESULTS AND DISCUSSION  

The average emission estimate and climatic elements for the 

different locations and periods are presented in Table 1, 

while Figs 1-4 compare graphically the concentration of the 

air quality parameters for the different locations. As can be 

observed, all the air quality parameters investigated where 

generally detected. However, in a previous study by Utang 

and Peterside (2011), SOx were generally not detected.  

Location B experienced higher concentrations of  NOx and 

CO at evening peak periods  and lower concentration of 

CxHy at morning periods, while the highest and lowest 

concentrations of SOx were detected at location C during off 

peak and evening peak periods respectively 

On the other hand, high concentrations of NOx, CO, and   

CxHy were prominent at evening peak periods. From Table 

1, the NOx concentrations for all the locations were above 

the limit of 0.04-0.06ppm set by  local (Nigeria) standard 

(FEPA,1991)and 0.053ppm set by International standards, 

for all the locations and periods, except  location C during 

peak periods. The level of CO was within local standard 

(10-20ppm) for the off peak period, but exceeded at peak 

periods in some locations namely - location B at morning 

and evening peak, locations A and C at evening peak. 

However, it is noteworthy that the CO levels were within 

international standard of 35ppm.  

Climatic elements and variations in pollutant concentration  

As the relative humidity of sampled locations rose, 

temperature decreased, and the concentration of the 

pollutants decreased across each location. The highest 

variation of relative humidity and temperature occurred 

during morning and off peak periods respectively. All 

temperatures measured were within the maximum 

temperature range for the city. 

Generally, the air pollutants exhibited the highest variation 

in concentration across location during the morning period 

and the lowest during off-peak periods .While CO varied 

most in concentration across locations and periods (standard 

deviation 4.48-6.62), SOx generally did not show much 

variation. This is in agreement with an earlier study (Utang 

and Peterside, 2011). Thus, CO and SOx accounted for the 

highest and lowest variations respectively, in air quality 

parameter concentration during all periods in all the 

locations. 

General assessment of pollutant level 

From the results obtained the variations in the concentration 

of pollutants can be attributed to weather conditions, mode 

of operation of traffic, quality of vehicle (that is, age and 

maintenance routine), and fuel type vehicle (that is, diesel 

or petrol)  (Faize and Stum, 2000; Rouphail et al., 2001; 

Udeozor and Nzeakor, 2012). Activities common to the 

different location studied include, intersection of road, 

traffic lights, queues, cars packing due to engine  being 

temporarily switched off and driving that involves repeated 

acceleration, idling, and deceleration cycles. 

The high concentrations of NOx, CO and CxHy observed in 

the evening peak periods could be attributed to constantly 
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high ambient temperatures and traffic congestion. It has 

been reported that high ambient temperatures are associated 

with increase in exhaust emissions, which are further 

influenced by air conditioner usage, causing high engine 

load (Utang and Peterside, 2011). This, coupled with the 

high temperature of the vehicle combustion chambers, NOx 

could be high as indicated by the result. Similarly, at peak 

periods characterized by deceleration, there is excess fuel in 

the combustion chamber, so CxHy are increased (Colls, 

2002; Abhisheck and Colls, 2010). Hydrocarbon emissions 

can be influenced by ambient temperatures. The high 

concentration experienced in the afternoon off peak periods 

could be as a result of evaporative emissions from running 

losses and diurnal ways (Heywood, 1997). CO air 

concentrations are generally high in areas with heavy traffic 

congestion, which characterize the peak periods. The 

generally low levels of SOx in all the locations attest to the 

fact that the fuels used are low in  sulphur. However, the 

isolated case of high concentration observed in location C  

at off peak, could be due to other industrial activities taking 

place near the area. 

The adverse health effects associated with the high 

concentration of these pollutants are great. NOx is 

responsible for immune system impartment, exacerbation of 

asthma and chronic respiratory diseases, reduced lung 

function and cardiovascular disease (Schwela, 2000); while 

CO reduces oxygen flow in blood stream, exacerbates 

coronary heart diseases, and at low concentrations can 

impair concentration and neuro-behavioural function 

(Udeozor and Nzeakor, 2012). 

 

IV. CONCLUSION 

The study revealed that the concentration of NOx in all the 

locations did not comply with local and international 

standards. Though, the concentration of CO was within 

international standard, it did not meet local standard. In 

view of the health effects of these pollutants, it implies that 

the health of roadside artisans, street hawkers, traffic 

workers, traders and others who are stationed near and 

around these location, and off course, city dwellers are at 

risk. There is need for effective air pollution monitoring and 

control programmes for mobile and stationary emission 

sources. In addition, improved road net work and traffic 

control will ease congestion and associated air pollution 

problems.     

 

 

Table.1: Average concentration of ambient air pollutants at various locations and periods 

Period Location NOx(ppm) SOx(ppm) CO(ppm) CxHy(LEL) RH (%) Temp (0C) 

Morning Period A 0.89 0.012 13.37 0.41 72.7 30.2 

 B 1.16 0.011 21.8 0.24 69.1 32.6 

 C 0.53 0.009 11.43 0.36 70.6 32.5 

 Mean 1.05 0.012 17.46 0.37 70.6 32.5 

 Std Dev 0.14 0.00 6.62 0.10 0.87 0.36 

Off Period A 1.1 0.01 14.43 0.26 72.9 30.4 

 B 1.2 0.01 18.07 0.41 69.6 32.1 

 C 0.31 0.08 16.07 0.4 70.8 31.5 

 Mean 0.42 0.011 16.84 0.38 71.1 31.33 

 Std Dev 0.07 0.00 4.48 0.17 0.25 0.50 

Evening Period A 1.17 0.013 24.57 0.44 74.3 29.7 

 B 1.29 0.011 24.57 0.44 74.3 29.7 

 C 0.42 0.007 23.03 0.51 70.3 32.00 

 Mean 1.22 0.008 22.02 0.42 71.13 31.5 

 Std Dev 0.10 0.00 6.06 0.08 0.40 0.36 

 Grand 

Mean 

0.97 0.01 18.61 0.40 71.00 31.50 

 Grand  

Std Dev 

0.27 0.00 5.73 2.27 1.89 1.15 

FEPA LIMIT  NA 0.01 10.00 NA NA NA 

LEL= Lower emissible limit             ppm = parts per million                FEPA = Federal Environmental Protection Agency 

NA= not available 
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Fig.1 Average concentration  of NOx
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Fig.2: Average concentration of SOx
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Fig.3: Average concentration of CO
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