Chemical and Process Engineering Research www.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) g
Vol.25, 2014 IS'E

Assessment of Automobile Induced Pollution in an Urban Area
(A Case Study of Port-Harcourt City,Rivers State,Nigeria)

Sylvia Okonkwd’, Kenneth Okpafa Mary Felicia Opara
1. Department of Chemistry Anambra State Universitly, Nigeria
2.Department of Chemical Engineering Federal Ussiteeiof Technology, Owerri, Nigeria
3.Department of Science Education Anambra Statedysity Uli, Nigeria.
*Email of the corresponding author: sylocs70@yabom
Abstract
Study(ies) on the effect of automobile emissioarirurban city (Port-Harcourt, Rivers State) wasiedrfor two
weeks. Two locations noted for heavy traffic conigesin the city were chosen for the study. Moriitgrtimes
were chosen to capture the traffic congestion. dtalt five(5) morning and evening measurement were
conducted at each location over the course of teeka(2) beginning from August @3 15" 2010 for garrison
intersection and August 18 22" 2010 for slaughter intersection. Concentration sneement for Hydrocarbon
(HC) , sulphur dioxide (S§), Nitrogen dioxide (N@ and carbon monoxide (CO) were carried out in the
morning (6.30 — 8.00am) and evenings (5.00 — 7.Q0pea periods of traffic congestion using standgad
monitor (temperature at the time of measuremengweted).

Results show that the levels of these gaseous iemsssere higher than permissible level on Wedngdda
Saturday at the two junctions both morning and exgerHowever, the level of these gases on Sund#yeatvo
junction in the morning and evening were below diéba limit. It imply that these areas are poltlte

morning and evening when offices and commerciaVisiels commence.

Key words: Pollution, automobile, urban area and Port-Harcour

Introduction

Port-Harcourt is the capital of Rivers State in @&tifpelta Region of Nigeria, and has an estimatqulijadion of
about 3 million people. It occupies an area of 2@,8g. km with an annual growth rate of 2 — 3%iek in the
tropical rain forest of the Guinea-Congolian regéom has two distinctive seasons (dry and wet).

A preliminary survey of the area indicates thar¢his always heavy traffic congestion in morningl &vening
hours especially in some junction. The air aroumel immediate environment of each of the area ivilyea
polluted with smoke and soot. Port-Harcourt is at fgrowing city in terms of human population and
industrialization.

Thus effects of these vehicle emissions have becoroeeasing source of concern to the inhabitants.
Unfortunately, the environment, socio-economic aedlth hazards these effects pose have not beeassdd
either by Non-Government Organization (NGOSs) ratleenphasis is placed on the revenue derived frdm oi
industries, refinery, markets and companies indhés.

A number of studies on air show that an averagedmubeing require 12kg of air each day ( Arcado 2086
small concentration of pollutant present in the l@comes harmful to human health. The clean aé frem
solid, liquid or gaseous polluting substances idely very essential for human health and sutviva

It was in notion of the potential effects of autdsite emission to air pollution especially in urbarea that this
study was carried out with the view of establishpmlutants level and its compliance with set stadd in the
environment.

Air quality parameter were thus measured daily5days (between 18 — 08 - 2010 to 22 — 08 — 2010)vpek

for two weeks period. Knowing full well that air &aid to be polluted when chemicals, particulatetenaor

biological materials that cause harm or discomforiiumans or other living organisms or cause danaglee

environment, are introduced into the atmospherenkipedia.org/wiki/air/pollution Retrieve 2012)

Many countries especially the industrialized coigstrhave air quality guidelines and standards tulete

emissions into the environment. These standardsedri@ order to protect the health of the pupRadjevic and

Bashkin 1999)

Among the air pollutants are carbon (iv) dioxide G£3 a greenhouse gas, Carbon (II) oxide (CO), Gxale
Nitrogen (NQ), oxides of sulphur (SQ and volatile organic compounds (VQIC CO is one of the
criteria pollutants because of its potential haindffiects. It is a colourless, odorless, tasteless-
irritating but very poisonous gas. It is produceldeve there is incomplete combustion of fuel such as
natural gas, coal or wood. Vehicular exhaust is ajom source of carbon monoxide
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(www.euro.who.int/-data/assets/-+2/04/2012)Other sources include fuel consumirdustries and

domestic fireghttp://nzic.org.nz/chemprocesses/ environment/IBE retrieved 15/1/2012)
The combustion process may be described in terntBeofollowing simplified reactions 3HC [fuel] + 20»
CGO, + H,O + CO + HC (Narayaman 2007)
In recent years there have been considered researcbhicle emission and fumes (Narayaman 200@rel Is
a common occurrence of carbon monoxides (CO) ianudities with high levels commercial activities
(Arcado 2006) Depletion of ozone layer is largetiedo pollution from industries and the use of adbile
(Erica 2011)Research conducted by (Schwela 20@@yskthat Nitrogen oxide and sulphur oxide are lthigth
immune system impairment, aggravation of asthmadmdnic respiratory disease reduced lung functiod
cardiovascular diseases. Particulate have beericetgd in the development of lung cancer and higte r
mortality (Schwela 2000).Volatile matter can reaith sunlight to form ozone which exacerbates asttamnd
has other adverse respiratory effects ( WHO 20B&)deling frameworks have also been used to prebet
future emission levels in Europe (Agunwaba 200hyi&nmental investigation has also been conductethe
detection of excess ammonia emission from in-u$éclee(Erica 2011). These include the air pollutiora large
tropical city with a high traffic density.

Materials and methods

Materials: The sample areas selected were slaughter jun@fgnand garrison junction (gp The instruments
used were TIF 8800, combustible gas detector m@@&5, Monoxor Il gas detector model 8004, minmax XT
and global position system.

Methods: The levels of HC, S©Q NO, and CO were monitored at properly defined positibthe selected area.
The ambient temperature around the location wassuned and co-ordinate of the sample point withi@ th
period in review recorded. The two S#hd SRwere selected for monitoring in the priority adffic congestion.
The TIF 8800 combustible gas detector modem G275 wsed to measure and record hydrocarbon
concentration. Gases are measured by electrochesgrsors with a range of 0 to 20ppm and 0.1ppm
resolution. Its operating temperature is betw&@ro 40°C was also used as detector.

Minni max XT CO detector, model G100 was used tcagnee CO concentration. Gases are measured by
electrochemical sensor with range of 0 to 1000ppith wperating temperature between’@0to 50°C. The
detectors operating humidity were 5 — 95% with aephble batteries.

Global positioning system was used in recordingctih@rdinate of the sample point.

Results and Discussions
Table 1: Average Automobile Result Summary at GarriJunction between the hours of 8 — 9: 00am of 11
15/08/2010.

Mean concentration (ppm) Sample point

SIN Days Date TemperatufdQ) HC NG SO CO Co-ordinate
1 Wednesday 11/08/10 21 0640 0.09 008 43 NeBio1 17
E 00702 14.6

2 Thursday 12/08/10 21 0.57] o0.04 0.0¢ 37 Redol1 1"
E007°02'14.6

3 Friday 13/08/10 22 0.36| 0.04] .04 39 Ras'22..6”
E00702'18.0

4 Saturday 14/08/10 20 0.35| 0.04 0.05 31 NBB4.8
E007°02'01.7"

5 Sunday 15/08/10 20 0.03f 0.04 00] 18 NB133.7
E007°02'01.9'

Table 2: Average Automobile Emission result sumn@rgarrison junction between the hours of 4.3030pm
of 11 -12/08/2010.

Mean concentration (ppm)
SIN | Days Date Temperatu®) | HC | Na SO | CO Sample point
Coordinate
1 Wednesday] 11/08/1p 21 0.58 0.p8 0|06 46 NBI034”
E 0070138.2
2 Thursday 12/08/10 21 053 0.06 0p5 36 \eg32.0”
E007°03'56.8"
3 Friday 13/08/10] 22 0.33 004 0.04 33 Rag'16.4”
E00701'42.0”
4 Saturday 14/08/10 20 040 0.04 o0jp3 28 N@412.8”
E007°01'54.9"
5 Sunday 15/08/10 20 011 0.09 op2 22 G161
E00702'08.7"
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Table 3: Average Automobile Emission Result Sumnerglaughter junction between the hours at 8 8&h?D
of 18 — 22/08/2510

Mean concentration (ppm)
SIN | Days Date Temperature | HC Na SO CO| Sample point
(°C) coordinate

1 Wednesday 11/08/10| 22 066 0.07 0.06 39 Nmhsg”

E 00702'56.3"
2 Thursday 12/08/10 23 0.6 006 0.031 40 %Neass.7”
3 Friday 13/08/10 22 0.7 0.06 0.07 43  RN@#50.2"
4 Saturday 14/08/10 21 0.2y 0.05 0.04 37 NOx8.8”
5 Sunday 15/08/10 22 0.0y 0.01 0.01 14 No#e.8”

Table 4: Average Automobile Emission Result summatryslaughter junction between the hours of 4.30 —
5.30pm of 18/08/2010

Mean concentration (ppm)
SIN Days Date Temperaturd) HC Na SO CO Sample point coordinate
1 Wednesday 18/08/10 22 0.52 0.06 0.09 34 NBD2.4”
E 00701'48.8"
2 Thursday 19/08/10 23 0.55 0.05 0.07 37 N@a22.1”
E007°01'95.4"
3 Friday 20/08/10 22 0.61 0.07 0.08 39 Rea40.2"
E007°02'13.0"
4 Saturday 21/08/10 21 0.28 0.06 0.05 31 R@405.4"
E007°0228.9
5 Sunday 22/08/10 22 0.07 0.01 0.01 14 423"
E007°02'4.28"

Discussion: The data shows that the amount of HC at Garrigoatjon varies from day to another day and from
time to time. The highest mean concentration ofHiz(0.60 ppm) was recorded on Wednesday 11/08/2010
the morning between the hours of 8-9.00am. Thexpate values (0.53-0.58) also gotten on the expof
the same day and Thursday 12/08/2010 (morning &edimg). This may be attributed to the high velacul
volume traffic jam and increased human congestidhia time of the days. There was an observededserin
the values from Friday to Saturday. Sunday recotbedeast mean concentration. The concentraticheoHC

at garrison is above the required 1hour standakild©. While the level of HC at slaughter were ajsiite very
high especially on Friday morning 20/08/2010 thatswecorded 0.70pm. This may be due to the passfage
heavy duty vehicles whose engine is diesel powarezbmbination with the vehicle and motorcycle. 8aw
also recorded the least concentration this maytthibuted to the fact that on Sunday people aretljmas home,
they don’t usually come out.

Levels of SQ were alarmingly high for sites studied rangingwesn 0.01-0.09ppm, exceeding the 1-hour
standard, for all evening experiment, which wasvaltbe Permissible limit of FEPA

CO concentration were also high for all averageceatration which were about WHO and FEPA standard,
although, they were within the standards on Sumd@griment.

The concentration of NOwas found in the range of 0.02-0.08ppm. the highate of NQ was found to be
0.09ppm at Garrison junction on a morning experintena Wednesday with a temperature di2lexceeding
the WHO and FEPA (0.02-06ppm) standards and leasa Gunday at slaughter junction with an average
concentration of 0.01ppm on morning and evening&rEent with temperature of 42.

The long ques with Idling cars and slow mornindfitamay also explain CO and S®igh concentrations, as
slower moving vehicles emit more pollution. Comnigreehicles, especially taxies and trucks, werseoted
to emit more black and white smoke which is asgediavith higher levels of SGand CO.

Slaughter intersection had the greatest averageeotration of measured pollution compared to Gamris
intersection. This is because of the concentratibimdustries, firms and companies in the arearefioee the
movement of people, heavy duty; commercial andgpeiwehicles plying the rout have contributed gigantly
to traffic congestion and thereby increasing eroissioncentration. The concentrations also fluctyméeatly
depending on the vehicle composition and speedef@éy, average concentrations of emission werdljig
exceeding the standards, during the morning andiegexperiment on Wednesday, this is because Véeldiye
is the major market day known as oil mill markey da Port Harcourt city and roads are usually cbindzed
by commercial vehicles and traffic congestion. Saysdexperiment was observed to have the least ntratien
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values which were most times within standards. €hjslains the fact that Sunday is a day of rest@safly for
workers and marketers. Port-Harcourt city is ocedpmainly by Christians who attend church and other
religious function with private vehicles therebgueing the number of commercial vehicles plying ribad.

Higher concentration were mostly observed with camaial vehicles, including taxies, trucks, publitsbs and
during traffic ques. Commercial vehicles, therefoneight be the most effective first target for esins
reduction.

The high levels of S© NO, HC and CO have obvious health implication. The WH®@our guidelines were
developed to protect citizens from Health outcoimesause SOrelated symptoms, such as runny nose, chest
pain, coughing, eye irritation and sore throat. Moly that, high concentration of $@nay indirectly cause
health problem through particulate formation. B8, and NQ can interact with other compounds in the air to
form particular matter [9]. Since particulate mattas been linked to a multitude of adverse hesfficts and
even mortality [8]. The measured S€ncentration may be dangerous.

Conclusion

The results of this study shows that transportteelgollution in Port-Harcourt is significant anded to be
monitored without intervention. It is likely thairajuality will deteriorate as the city continuas drow which
will result in possible severe health consequenths. concentrations of pollutant exceeded 1-hcamdsrd of
WHO, some of the day, the experiment was conduckbd. overall comparison of data for different sacsi
shows that concentrations of the pollutants weretflating depending on the volume of traffic antdytion.
Therefore the River State environmental Protecfigency should thus recognize air quality managerasra
priority and work to prevent further environmentkggradation by adopting effective policy, such argdting
high emitting commercial vehicles, as a whole, Neehould work to improve fuel quality through feus
reduction and adopt more stringent vehicle impaguirement and enforcement.
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