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Abstract: Everywhere in the world people are now interested in the quality of their food, water and air. Hence,
in Abakaliki Southeastern Nigeria, citizens fears of increased gas poisoning, especially during traffic congestion
has skyrocketed. This led to investigation of effects of traffic congestion on atmospheric gaseous
concentrations using three major roads –Onwe, Water Works, Afikpo, with Unagboke a secluded suburb as
control. The CO air concentration was within 0.463 – 0.862 mg L ; while NO  was within 0.033 – 0.045 mg L1 1

2

for the two times of monitoring. Others include H S which was within 0.007 – 0.01 mg L  and NH  that was2 3
1

within 0.007 – 0.009 mg L  for the same periods of measurement. The three roads levels of CO was greatly1

contributed by traffic congestion, while NO  was partly contributed and H S/NH  was not largely linked to2 2 3

traffic. The gases air concentrations passed the limits set by World Health Organisation.
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INTRODUCTION There are several universities, polytechnics, schools and

Abakaliki is a town of about 300,000 people. It is the University. There is an ancient rice milling industry in the
state capital of Ebonyi State, with population of roughly city, with mechanical village adjacent to it. Other cottage
3 million citizens. Ebonyi is located in Southeastern industries in the city are mainly agrarian based in areas of
Nigeria. It was originally a district in old eastern Nigeria. agricultural product processing from diverse arable and
Following several agitations for states in Nigeria it had livestock farms within the city. The ancient profession of
been embedded in old Anambra State and Enugu States, the people is agriculture in rice, yam, cassava, cocoyam,
before becoming the capital of Ebonyi State; carved out pepper, tomatoes, vegetables, oil palm, rubber, fishing,
from Enugu and  Abia  States  of  Nigeria  in  1996.  It is animal/livestock rearing in areas like cattle, goat, sheep,
connected to Calabar, Cross River Nigeria in the East, to pigs. The total land mass of Ebonyi State is over 580,000
Benue State Nigeria in the North, Enugu State Nigeria in hectares, with Abakaliki taking over 40% of it. It is a fairly
the West and Abia State Nigeria in the South. The nearest flat and fertile arable land, sparsed with solid mineral
airport of about 60 kilometers and roughly forty five deposits like zinc, lead. Petroleum products explorers have
minutes is the Nnamdi Azikiwe International Airport in also identified huge deposits of crude oil [1].
Enugu State, the Calabar International Airport in Cross The road network and infrastructure is one of ancient
River. By road it is linked to all parts of Nigeria, and modern, with no flyovers and minimal bridges and
particularly Calabar, Enugu, Awka, Umuahia, Owerri and culverts. The city is compact, with roads of about 200
Makurdi. The nearest seaport is Calabar; while the nearest kilometers within and 600 kilometers outreach. The major
railway is Enugu [1]. in-roads are: Ogoja, Kpiripkiri-Ishieke, Water Works,

The city is a developing urban with mixed slums Afikpo, Ezza, Onwe, Udensi, Udemezue, Gunning, while
typical of major Nigerian cities. It houses the seat of the major outreach roads include: the Abakaliki-Enugu;
governance namely: The Executive, Legislative and Abakaliki-Ogoja-Calabar; Abakaliki-Afikpo-Amasiri;
Judiciary. All the Ministries, Parastatals, Agencies of Abakaliki-Ohaozara; Abakaliki-Izzi-Ikwo-Ezza-Ishielu-
State and Federal Government are located in the city. Ohauku. The number of cars that ply the in-roads are over

colleges; particularly campuses of Ebonyi State
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20,000 while that of outreach roads are over 100,000 per annual relative humidity@09/15 hrs was 80.2 and 59.93%,
day. The number of commuters for the in-roads is over respectively; with higher and lower relative humidity
100,000 while that of outreach roads are over 450,000 per during rainy and dry season respectively. The rainfall,
day. The average time taken to make the in-road trip varies temperature and relative humidity of the area are
from 10 – 60 minutes; while that of outreach trips falls presented in Figures 1, 2 and 3 [2]. The soil belongs to the
within 25 minutes to 6 hours per day [1]. order (Ultisol) classified as Typic Haplustult [3].

The average late times to work, business, school
reported is nearly one hour per commuter per day; while Identification of Traffic Congestion Roads: In this study
average money lost is over five thousand naira (US$28) three roads that are noted for continuous traffic
per day. The rate of accident in inroads per day is around congestion or motor jam were identified in Abakaliki
ten while that of outreach roads is about forty per day. namely: Onwe Road from Government House Round
The  rate  of  reprimanding  from  subordinates  is  over About; Water Works Road from Union Bank Round
500 people per day in businesses, offices and schools. About and Afikpo Road from Spera-In-Deo Round
The rate of  sack  from  lateness  to  work,  school, About; with an excluded estate known as Unagboke as
business is over 1,000 workers per year or 3 workers per control. There were monitored at morning (07 – 11 am) and
day. The cost of gas poisoning from combustion engines afternoon (12 – 04 pm)  traffic  peak  periods  on  daily
namely: cars, buses, lorries, keke-na-pepe, bikes (okada) basis  for  5 days a week, for 3 months and for 3 years
for illnesses like asthma, cough, catarrh, lead poisoning of (2013 – 2015). Each measurement was replicated four times
water and food products are put at over N20 million naira at an equal distance of 10 meters.
(US$112,000) per year and N50,000 naira (US$279) per day
[1]. Measurement Techniques: With the aid of potable hand

The citizens of the city allay fears of poisoning from held gas monitors (GASMAN Model) CO19256H;
gases that has been classified by experts to include: NO 19835H; NH 19736H and H S19752H with detection
carbon monoxide, carbon dioxide, nitrogen dioxide, limit of 0 – 50 ppm and alarm set at 3 ppm, atmospheric
hydrogen sulphide, ammonia; especially with increased concentrations of the following gases were monitored:
urbanization, population, number of combustion engines carbon monoxide, nitrogen dioxide, ammonia and
including power generating sets. These have not been hydrogen sulphide. The four monitors were hung on a
thoroughly monitored and quantified. The Department of wooden  platform  raised  to   a   height  of 1.5 meters.
Soil Science and Environmental Management started They were calibrated on each occasion of use due to
monitoring gaseous  emissions  from  combustion regular weather changes. The Green Light Emitting Diode
engines, power generating sets and natural sources since (LED) and the sounder operated once every three
2002 to try to empirically establish the facts about gas seconds. The Liquid Crystal Display (LCD) showed zeros.
poisoning especially those arising from increased traffic The flashing of red LED is an indicator that concentration
jams. The paper highlights some of the basic findings for of gases has passed alarm range. Hourly timing was done
the period 2013 – 2015 following availability and access to with aid of stop watch. All readings were noted at hourly
more reliable and potable environmental gas monitors. stability. All protocols for air monitoring were based on

MATERIALS AND METHODS

Geographical and Climatic Information: Abakaliki lies values were pooled on fortnightly basis and subjected to
within Longitude 08° 06¹ E and Latitude 06° 19¹ N at an analysis of variance for randomized complete block design
altitude of 128 meters above sea level. It lies within the (RCBD). The values were captured in parts per million
derived savannah belt of south eastern Nigeria. The mean (where 1 parts per million (ppm) is equivalent to 1 mg kg
annual rainfall for 25 years (1977 – 2012) was 154.75 mm or 1 mg l ) – ASA-CSSA-SSSA [4]. Further mean
spread across April – November; while the mean annual separation and differentiation were done with Fishers
minimum and maximum temperatures for same period were Least Significant Difference (FLSD) at 5% probability level
23.58 and 32.40°C respectively; with higher and lower or 95% confidence interval [5]. Correlation and regression
temperatures during the dry and rainy seasons analysis were also done between number of cars and
respectively. On the other hand, the average annual atmospheric gaseous concentrations as described by Zar
sunshine hours for same period was 5.13, while the mean [6].

2 3 2

World Health Organisation and Nigerian Standards.

Statistical and Data Analysis: For analysis exercise daily

1

1
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Fig. 1: Annual rainfall for Abakaliki (1977-2012)- mm. atmospheric CO concentrations were below the levels

Fig. 2: Annual minimum and maximum temperature for between number of cars and CO air concentration in the
Abakaliki (1977-2012) -°C morning and afternoon at Water Works Road as

Fig. 3: Annual relative humidity@09/12 hrs at Abakaliki expressed by regression equations (Y = -9.68 + 25.31X and
(1977-2012) -% Y = 6.25 – 9.34X), respectively (Table 3).

RESULTS Atmospheric Nitrogen Dioxide Air Concentrations: With

Atmospheric Carbon Monoxide Concentrations: The concentrations, the morning and afternoon times recorded
highest CO concentration of 0.860 mg L  was recorded at highest value of 0.045 mg L  respectively at Water1

Water Works Road during the morning time; while Onwe Works Road and Onwe Road respectively at statistical
Road and Water Works Road gave highest value of 0.862 significant (P = 0.05) levels with coefficient of variation of
mg L  in the afternoon congestion hours respectively at 32.5% and 45.68% for the morning and afternoon times1

statistical significant (P = 0.01) levels (Table 1). At 8 respectively. The highest NO  air concentration of 0.09 mg
weeks cumulative monitoring, Onwe Road gave highest L  was recorded at 2 weeks cumulative in the morning
CO concentration of 0.87 mg L  in the morning. At Water and afternoon at Onwe Road. At Water Works Road, the1

Works Road, the highest CO air concentration of 0.88 mg highest NO  concentration of 0.08 mg L  was got at 2
L  was got at 4 weeks cumulative monitoring. At Afikpo weeks cumulative in the morning and 12 weeks cumulative1

Road the highest CO air concentration of 0.87 mg L  was in  the  afternoon.  At  Afikpo   Road,   the  highest NO  air1

recorded at 10 weeks of monitoring in the morning with
significant differences (P = 0.05) between cumulative
monitoring intervals. In the afternoon the CO air
concentration was highest at cumulative 2 week interval
at 0.87 mg L . At Unagboke (control) the highest CO air1

concentration of 0.48 mg L  was recorded in the morning1

with significant differences (P = 0.05) between cumulative
monitoring intervals. In the afternoon, the highest CO air
concentration of 0.48 mg L  was at 4 weeks of cumulative1

assessment with significant differences (P = 0.05) for the
cumulative periods (Table 2). All the values recorded for

permissible by World Health  Organisation  (30  ppm  or
mg  L );  US/California  National  Ambient  Air Quality1

(35 ppm or mg L ); Nigeria Automobile Council (10 ppm1

or mg L ) and Nigeria Environmental Protection Council1

(30 ppm or mg L )- [7-10].1

There was positive correlation (r = 0.07) between
number of cars and CO air concentration as expressed by
regression equation (Y = 113.12 + 301.7X and Y = 1157.66
– 856.12X) for the morning and afternoon at Onwe Road.
There were also positive correlation (r = 0.11 and 0.19)

expressed by regression equation (Y = 151.09 + 6380.1X
and Y = 319.72 + 1316.06X). At Afikpo Road, there was
positive correlation (r = 0.33) between number of cars and
CO air concentration in the morning but none in the
afternoon (r = -0.09) as expressed by regression equations
(Y = -86.65 + 2059.56X and Y =1284.32 – 428.80X)
respectively. At Unagboke (control) there was positive
correlation (r = 0.34) between number of cars and CO air
concentration  in  the morning  but  negative  correlation
(r = -0.14) between these parameters in the afternoon as

regards to atmospheric nitrogen dioxide air

1

2
1

2
1

2
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Table 1: Effect of traffic congestion on hourly atmospheric gaseous concentrations (mg L ). Values represent means for 5 days x 3 months x 3 years. WHO1

= World Health Organisation Standards; US/California Ambient Air Quality Standards; Nigeria Automobile Council Standard; NEPC = Nigeria
Environmental Protection Council Standards. All the standards are on hourly rates of measurement.

CO NO H S NH2 2 3

Location -------------------------------- --------------------------------- -------------------------------- ----------------------------------
Time 07-11 am 12-04 pm 07-11 am 12-04 pm 07-11 am 12-04 pm 07-11 am 12-04 pm
Onwe Road 0.852 0.862 0.043 0.045 0.008 0.009 0.008 0.009
Water Works Road 0.860 0.862 0.045 0.043 0.008 0.013 0.009 0.008
Afikpo Road 0.843 0.853 0.043 0.033 0.007 0.010 0.009 0.009
Unagboke (Control) 0.463 0.465 0.043 0.025 0.008 0.007 0.007 0.008
F-LSD (0.05) 0.031 0.030 0.027 0.030 0.008 0.007 0.004 0.002
CV(%) 1.91 1.58 32.5 38.49 45.68 30.39 20.98 12.64
WHO 30 30 0.120 0.12 0.07 0.07 0.28 0.28
US/California 35 35 0.025 0.025 0.03 0.03 na na
NAC 10 10 0.012 0.012 na na na na
NEPC 30 30 0.120 0.120 10 10 0.20 0.20

Table 2: Effect of traffic congestion on hourly atmospheric gaseous concentrations (mg L ). Values represent means for 10 days x 3 months x 3 years. OW1

= Onwe Road; WWR =Water Works Road; AR = Afikpo Road; U =Unagboke (Control). WHO = World Health Organisation Standards;
US/California Ambient Air Quality Standards; NAC = Nigeria Automobile Council Standard; NEPC = Nigeria Environmental Protection Council
Standards. All the standards are on hourly rates of measurements

CO NO NH H S2 3 2

7-11 am -------------------------------------- -------------------------------------- -------------------------------------------- ----------------------------------------------
Weeks OR WWR AR U OR WWR AR U OR WWR AR U OR WWR AR U
2 0.87 0.87 0.84 0.43 0.09 0.05 0.05 0.03 0.005 0.003 0.008 0.008 0.002 0.002 0.003 0.003
4 0.86 0.88 0.02 0.48 0.02 0.01 0.01 0.03 0.008 0.010 0.010 0.010 0.005 0.005 0.010 0.028
6 0.83 0.83 0.82 0.47 0.02 0.01 0.01 0.03 0.010 0.013 0.010 0.005 0.008 0.008 0.010 0.010
8 0.87 0.87 0.85 0.47 0.08 0.03 0.03 0.02 0.008 0.010 0.005 0.003 0.010 0.010 0.013 0.003
10 0.86 0.84 0.87 0.46 0.03 0.03 0.03 0.01 0.010 0.005 0.010 0.008 0.010 0.010 0.008 0.005
12 0.82 0.87 0.86 0.47 0.02 0.04 0.04 0.03 0.008 0.001 0.008 0.006 0.013 0.013 0.008 0.010
FLSD (0.05) ns 0.049 0.034 0.03 0.043 0.03 0.03 0.02 ns 0.009 0.007 42.86 ns ns ns ns
CV(%) 2.46 2.67 2.37 2.81 40.98 40.0 40.0 40.0 1.23 55.56 38.89 1.27 1.79 1.79 1.38 1.67
12-04 pm
2 0.88 0.88 0.87 0.44 0.09 0.06 0.04 0.03 0.013 0.008 0.010 0.010 0.010 0.010 0.001 0.010
4 0.87 0.87 0.84 0.48 0.03 0.05 0.02 0.03 0.005 0.008 0.008 0.005 0.005 0.008 0.001 0.010
6 0.84 0.84 0.84 0.47 0.02 0.02 0.03 0.02 0.008 0.008 0.008 0.008 0.010 0.010 0.008 0.005
8 0.88 0.86 0.87 0.47 0.08 0.04 0.03 0.01 0.008 0.008 0.008 0.008 0.008 0.010 0.010 0.008
10 0.87 0.85 0.85 0.45 0.03 0.01 0.03 0.03 0.010 0.010 0.010 0.008 0.010 0.010 0.010 0.003
12 0.83 0.87 0.85 0.48 0.02 0.08 0.05 0.03 0.008 0.008 0.013 0.010 0.010 0.030 0.013 0.010
FLSD
(0.05) 0.033 0.06 0.041 0.024 0.045 0.03 0.019 0.014 0.001 0.010 0.007 ns ns ns ns ns
CV(%) 1.74 3.48 2.35 2.37 46.89 27.91 27.27 33.33 45.98 48.19 35.79 1.88 1.28 1.11 1.26 1.89
WHO 30 30 30 30 0.120 0.120 0.120 0.120 0.070 0.070 0.070 0.070 0.280 0.280 0.280 0.280
USC 35 35 35 35 0.025 0.025 0.025 0.025 0.030 0.030 0.030 0.030 na na na na
NAC 10 10 10 10 0.012 0.012 0.012 0.012 Na Na na na na na na na
NEPC 30 30 30 30 0.120 0.120 0.120 0.120 10 10 10 10 0.200 0.200 0.200 0.200

concentration of 0.05 and 0.18 mg L  were  recorded  in that set by US/California National Ambient Air Quality1

the morning and afternoon respectively; with only (0.025 ppm or mg L ) and Nigeria Automobile Council
statistical significant (P = 0.05) differences in the morning. (0.012 ppm or mg L ) – Tables 1 and 2.
At Unagboke (control) the highest NO  air concentration There were negative correlation (r = -0.04 and -0.06) in2

of 0.03 mg L  were got at 2 weeks cumulative for both the the morning and afternoon between number of cars and1

morning  and  afternoon  hours.  These  values  were NO  air concentration at Onwe Road. The regression
lower than the limits set by World Health Organisation equation as expressed in the  morning  and  afternoon
(0.120 ppm or mg L ) and Nigeria Environmental were Y =375.26  –  118.23X  and  Y  =  426.51  –  187.58X.1

Protection Council (0.120 ppm or mg L ); but higher than At   Water   Works   Road,  there were positive correlation1

1

1

2
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Table 3:
07-11 am Y X Slope Intercept Req. CC (r)
Onwe Road Number of cars Carbon monoxide 301.7 113.12 Y = 113.12 + 301.7X 0.07
Water Works Road Number of cars Carbon monoxide 638.01 151.09 Y = 151.09 + 638.01X 0.11
Afikpo Road Number of cars Carbon monoxide 2059.56 -861.65  -86.65 + 2059.56X 0.33
Unagboke-control Number of cars Carbon monoxide 25.31 -9.68 Y = 9.68 + 25.31X 0.34
12-04 pm
Onwe Road Number of cars Carbon monoxide -856.12 1157.66 Y = 1157.66 -856.12X -0.18
Water Works Road Number of cars Carbon monoxide 1316.06 -319.72 Y = -319.72 + 1316.06X 0.19
Afikpo Road Number of cars Carbon monoxide -428.80 1284.32 1284.32 -428.80X -0.09
Unagboke-control Number of cars Carbon monoxide -9.34 6.25 Y = 6.25 -9.34X -0.14
07-11 am
Onwe Road Number of cars Nitrogen dioxide -118.23 375.26 Y = 375.26-118.23X -0.04
Water Works Road Number of cars Nitrogen dioxide 216.93 729.36 Y = 729.36 + 2136.93X 0.032
Afikpo Road Number of cars Nitrogen dioxide 4488.31 765.27 Y = 765.27 + 4488.31X 0.14
Unagboke-control Number of cars Nitrogen dioxide 14.93 1.75 Y = 1.75 + 14.93X 0.12
12-04 pm
Onwe Road Number of cars Nitrogen dioxide -187.58 426.51 Y = 426.51-187.58X -0.06
Water Works Road Number of cars Nitrogen dioxide 216.93 729.36 Y = 729.36 +216.93X 0.032
Afikpo Road Number of cars Nitrogen dioxide 5282.88 768.95 Y = 768.95 + 5282.88X 0.43
Unagboke-control Number of cars Nitrogen dioxide -4.30 2.02 Y = 2.02-4.30 -0.04
07-11 am
Onwe Road Number of cars Hydrogen sulphide -4942.31 406.86 Y = 406.86-4942.31X -0.18
Water Works Road Number of cars Hydrogen sulphide -2785.71 718.81 Y = 718.81-2785.71X -0.11
Afikpo Road Number of cars Hydrogen sulphide -6797.03 928.02 Y = 928.02-6797.03X 0.14
Unagboke-control Number of cars Hydrogen sulphide 5.26 1.99 Y = 1.99 +5.26X 0.07
12-04 pm
Onwe Road Number of cars Hydrogen sulphide 5565.12 365.21 Y = 365.21 + 5565.12X 0.28
Water Works Road Number of cars Hydrogen sulphide 2257.477 784.73 Y =784.73 + 2257.48X 0.022
Afikpo Road Number of cars Hydrogen sulphide -187.50 922.10 Y = 922.10-187.50X 0.01
Unagboke-control Number of cars Hydrogen sulphide 5.88 1.87 Y = 1.87 + 5.88X 0.03
07-11 am
Onwe Road Number of cars Ammonia -9919.58 448.32 Y = 448.32-9919.58X -0.34
Water Works Road Number of cars Ammonia -2339.29 717.41 Y = 717.41-2339.29X -0.09
Afikpo Road Number of cars Ammonia 7403.45 805.38 Y = 805.38 + 7403.45X 0.23
Unagboke-control Number of cars Ammonia 28.43 1.83 Y = 1.83 + 28.43X 0.09
12-04 pm
Onwe Road Number of cars Ammonia 5034.09 376.59 Y = 376.59 + 5034.09X 0.23
Water Works Road Number of cars Ammonia -6324.84 864.90 Y = 864.90-6324.84X -0.18
Afikpo Road Number of cars Ammonia 14133.03 785.32 Y = 785.32 + 14133.03X 0.38
Unagboke-control Number of cars Ammonia -12.5 2.0 Y= 2.0-12.5 0.05

(r =0.02 and 0.32) between number of cars and NO  air negative correlation (r = -0.04) between number of cars2

concentrations in the morning and afternoon respectively. and atmospheric NO  concentrations in the morning and
The relationship between number of cars and gaseous afternoon respectively. The relationship between number
NO concentrations as expressed by regression equations of cars and NO  air concentrations as expressed by2

were Y = 692.93 + 117.43X and Y = 229.36 + 2136.93X in regression equations were Y = 1.75 + 14.93X and Y = 2.02
the morning and afternoon respectively. Similarly, there –  4.30X  in  the morning and afternoon respectively
were positive correlation (r = 0.14 and 0.43) between (Table 3).
number of cars and atmospheric NO  concentrations in2

the morning and afternoon respectively. The relationship Atmospheric Hydrogen Sulphide Air Concentrations:
between these parameters as expressed by regression The highest hydrogen sulphide air concentration of 0.008
equation were Y = 765.27 + 4488.31X and Y = 968.95 + mg L  was recorded in all locations except Afikpo Road
5282.88X in the morning and afternoon respectively. At in the morning and highest value of 0.013 mg L  in the
Unagboke there was positive correlation (r = 0.12) and afternoon at Water Works Road. The highest hydrogen

2

2

1

1
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sulphide air concentration of 0.005 and 0.01mg L  were other hand, the cumulative 6 weeks value at Onwe Road1

got at 4 weeks and other cumulative measurement in the was 0.013 mg L  in the morning and same value at 2
morning and afternoon and at Onwe Road. At Water weeks in the afternoon. At Water Works Road the highest
Works Road the highest hydrogen sulphide air ammonia air concentration was 0.013 and 0.01mg L  at 6
concentration of 0.013 and 0.03mg L  were recorded at 12 and 10 weeks cumulative measurement respectively. At1

weeks cumulative monitoring in the morning and Afikpo Road the highest ammonia air concentration of
afternoon respectively; while at Afikpo Road the highest 0.01 mg L  were recorded at 4, 6 and 10 weeks cumulative
hydrogen sulphide air concentration of 0.013  mg L periods in the morning, while 0.013 mg L  was got at 121

were recorded in the morning and afternoon respectively. weeks cumulative interval. At Unagboke (control) the
At Unagboke (control) it was 0.01 mg L  at 6 and 12 highest ammonia air concentration of 0.01 mg L  was got1

weeks in the morning and at 2, 4 and 12 weeks cumulative at 4 weeks cumulative measurement and same value at 2
times of measurement in the afternoon. All the values and 12 weeks cumulative periods of measurement. All
were below WHO Standards of 0.07 ppm or mg L , values were below the 0.28 and 0.20 ppm or mg L  limits1

US/California Standards of 0.03 ppm or mg L and Nigeria set by WHO and NEPC respectively (Table 1 and 2).1

Environmental Protection Council of 10 ppm or mg L There was negative correlation (r = -0.34) and positive1

(Table 1). correlation (r = 0.23) between number  of  cars and
There was negative correlation (r = -0.18) and positive ammonia air concentrations in the morning and afternoon

correlation (r = 0.28) between number of cars and at Onwe Road. The relationship between number of cars
hydrogen sulphide air concentrations in the morning and and ammonia air concentrations as expressed by
afternoon at Onwe Road respectively. The relationship regression equations were Y = 448.32 – 9919.58X and Y =
between number of cars and H S air concentrations as 376.59  +  5034.08X  in  the  morning and afternoon2

expressed by regression equations were Y = 406.86 – respectively in this road. There were negative correlation
4942.31X and Y = 365.21 + 5565.12X in the morning and (r = -0.09  and  -0.18)  between number of cars  and
afternoon at Onwe Road respectively. At Water Works ammonia air concentration in the morning and afternoon
Road there were negative correlations (r = -0.11) and at Water Works Road respectively. The relationship
positive correlation (r = 0.22) between number of cars and between number of cars and ammonia air concentrations
hydrogen sulphide air concentrations. The regression as expressed by regression equations  were  Y  = 717.41
equation between these parameters were Y = 918.81 – –  2339.29X  and Y = 864.90 – 6324.48X in the morning and
2785.71X and Y = 784.73 + 2257.48X in the morning and afternoon respectively at same road. At Afikpo Road,
afternoon respectively. At Afikpo Road there were there were positive correlation (r = 0.23 and 0.38) between
positive correlation (r = 0.14 and 0.01) between number of number of cars and ammonia air concentration in the
cars and hydrogen sulphide air concentrations in the morning and afternoon respectively. The relationship
morning and afternoon respectively. The relationship between the number of cars and ammonia air
between the number of cars and hydrogen sulphide air concentration as expressed  by  regression  equations  in
concentrations as expressed by regression equations this  road  were Y = 805.38 + 7903.45X and Y = 785.32 +
were Y = 928.02 – 6797.03X and Y = 922.10 – 187.50X in 14133.03X in the morning and afternoon respectively. At
the morning and afternoon. At Unagboke (control) there Unagboke (control) there were positive correlation (r =
were positive correlation (r = 0.07 and 0.03) between 0.09 and 0.05) between the number of cars and ammonia
number of cars and hydrogen sulphide air concentrations. air concentrations in the morning and afternoon
The regression equations between these parameters were respectively. The relationship between the number of cars
Y = 1.99 + 5.26X and Y = 1.87 + 5.88X in the morning and and ammonia air concentrations as expressed by
afternoon respectively (Table 3). regression equations in this place were Y = 1.83 + 28.43X

Atmospheric Ammonia Air Concentrations: The highest respectively (Table 3).
ammonia air concentration of 0.009 mg L  were got at1

Water Works Road and Afikpo Road in the morning, DISCUSSION
while same value was got at Onwe Road and Afikpo Road
in the afternoon at statistical significant (P = 0.05) Atmospheric Carbon Monoxide  Air  Concentrations:
differences and coefficient of variation of 20.98% and The fact that Onwe, Water Works and Afikpo Roads
12.64% in the morning and afternoon respectively. On the recorded CO air concentrations of 0.87, 0.88 and 0.87 mg

1

1

1

1

1

1

and Y = 2.0 – 12.5X in the morning and afternoon



Middle-East J. Sci. Res., 24 (5): 1662-1672, 2016

1668

L  in the morning and 0.88, 0.88 and 0.87 mg L  in the Reserved Areas (GRAs) with only Hope International1 1

afternoon; while Unagboke (control) gave 0.48 mg L  for School as the major public enterprise. More posh and new1

same periods shows the contribution of vehicles cars ply this road compared to others who patronize junk
emissions on overall concentration of this gas in the cars. Junk cars are major contributors of nitrogen dioxide
atmosphere. The Unagboke area has less access to emissions. Their combustion process of old and tired
vehicles (being a remote neighbourhood). The positive engines gives off nitrogen dioxide. This gas is a major
correlation between number of cars and CO air contributor to acid rain (better called acid deposition) and
concentration at Onwe Road in the morning, Water Works also implicated in ozone layer depletion. It contributes to
Road in the morning and afternoon; Afikpo Road in the global climate change and acidification of lakes, other
morning corresponds with periods of massive vehicular water bodies and vegetations [11]. The regression
movements in those areas which are major contributors to equations stating the relationship between the gas
CO emissions. The regression equations can be used to concentrations and number of cars shows their
predict CO air concentrations of such place under similar usefulness in predicting nitrogen dioxide air
conditions as described in materials and methods concentrations under similar conditions and environment
including traffic congestion in the roads assessed. In this described in materials and methods. The nitrogen dioxide
study the major contributors to CO air concentrations in air concentrations in this work were lower than the
these roads were basically traffic and microbial standards set by WHO and NEPC [7, 10] for hourly
decomposition of litter and sewage that lie beside the values.
roads and drainage system. Even though that of litter and
sewage was not investigated in this work. Other possible Atmospheric Hydrogen Sulphide Air Concentrations:
contributors may be power generating sets that are used When we look at hydrogen sulphide air concentration for
by homes and businesses in these roads (being Onwe Road, 0.013 and 0.01 mg L  in the morning and
investigated in separate study). The good news is that the afternoon; Water Works Road values of 0.013 and 0.03 mg
values passed the tests set by World Health Organisation L  in the morning and afternoon; Afikpo Road values of
(WHO); US/California National Ambient Air Quality 0.013 mg L  in the morning and afternoon and that of
Standards; Nigeria Automobile Council (NAC) and Unagboke (control) values of 0.028 and 0.01 mg L  in the
Nigeria Environmental Protection Council (NEPC) morning and afternoon; it can be seen that hydrogen
standards [7-10]. But carbon monoxide is a very sulphide is basically not traffic-fired. Nevertheless, a
dangerous gas whose emissions cannot be compromised. comparison with correlation results of number of cars and

Atmospheric Nitrogen Dioxide Air Concentrations: in the morning, positively correlated in the afternoon at
When comparison on this gas air concentration at Onwe Onwe Road; negatively and positively correlated in the
Road of 0.09 and 0.087 mg L  in the morning and morning and afternoon at Water Works Road; again1

afternoon; Water Works Road of 0.083 and 0.075 mg L positively correlated in the morning and afternoon at1

for the same periods of monitoring and Afikpo Road 0.048 Afikpo Road and Unagboke (control) show that hydrogen
and 0.045 mg L  for the same times and Unagboke sulphide air concentrations  is  not  totally  linked to1

(control) 0.033 and 0.03 for the same periods it can be seen traffic. Other anthropogenic sources are possible
there were great gap between Onwe Road and Water including the decomposition of litters and sewage in the
Works Road/Afikpo Road irrespective of higher traffic at drainage system linked to these roads and control areas.
Afikpo Road. When they are compared with negative The regression results also shows hydrogen sulphide air
correlation between the number of cars and the gas air concentration can be predicted based on similar
concentrations at Onwe Road in the morning and conditions and environment described in materials and
afternoon; positive correlation between the two methods. The hydrogen sulphide results were within the
parameters in the morning and afternoon at Water Works range permissible by all the regulatory bodies for hourly
Road. Same positive correlation in the morning and averages.
afternoon at Afikpo Road and positive correlation in the
morning at Unagboke (control); it can be seen that age Atmospheric Ammonia Air Concentrations: The results
and models of cars that ply roads play significant role in also show that ammonia air concentrations do not
nitrogen dioxide emissions. The customers of Onwe Road necessarily come from traffic emissions. Based on Onwe
are majorly the rich and affluent in secluded Government Road values of 0.01 and 0.013 mg L  in the morning and

1

1

1

1

the gas air concentrations that were negatively correlated

1
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afternoon; Water Works Road 0.013 and 0.010 mg L  in controls in the 1970s and 1980s, there have been rapid1

the same period; Afikpo Road values of 0.01 and 0.013 mg increase in vehicle mileage which regularly offset the
L  in the same times and Unagboke (control) 0.01 mg L progress made in introducing cleaner technology and1 1

for the same times. The production of ammonia from total emissions increased. Similarly, in his narration from
similar sources attributed to hydrogen sulphide and 1990s total emissions have declined and are predicted to
nitrogen dioxide may be possible. The negative decline still further as shown in EU for NO , PM
correlation between number of cars and ammonia air (particulate matter that is less than 10µm in diameter) and
concentrations at Onwe Road in the morning, positive carbon dioxide (CO ), respectively.
correlation for same road in the afternoon; the negative The worrisome issue that informed this present
correlations in the morning and afternoon at Water Works research, based on Holman [12] projections is that road
Road; same positive correlation between the variables in transport emissions of NO  will be three-quarters of their
the morning and afternoon at Afikpo Road and same trend 1995 level by 2000, one half by 2005; one third by 2010.
at Unagboke (control) in the morning and afternoon For PM , the emission reduction is lower and is predicted
shows a divided house. The Unagboke control with less to be 45% of the 1995 level by 2010. Despite this decline
access to cars positively correlated, followed by Afikpo it is thought that further reductions in emissions are
Road. There are more factors contributing to ammonia required in some cities to meet the EU air quality
emissions in the study places. Nevertheless, the objectives. The expectation, according to Holman [12] and
regression equations can be used to predict ammonia air SENCO [14] is that emissions will continue to decline until
concentrations under similar conditions and environment 2015 to 2020. If no further measures are taken it is
described in materials and methods. The results obtained expected that there will be a slow increase in emissions as
were less than the WHO and NEPC [7, 10] limits for hourly the growth in road traffic offsets the reductions in
measurements. emissions from individual vehicles.

Control of Emissions from Road Traffic: Holman [12] Holman [12]. Road transport emissions in the EU are
itemised many ways of reducing emissions from traffic forecast to increase slightly such that by the year 2010
namely: improving standards of maintenance, reducing emissions are predicted to increase slightly such that by
the volume of traffic and smoothing traffic flow. the year 2010 emissions are forecast to be 12% greater
According to the worker, these are important elements in than in 1995. This estimate takes account of the impact of
an emission control strategy. This calls for the attention the voluntary agreements between motor manufacturers
of government and policy makers in Abakaliki, Ebonyi and the European Commission (EC) to reduce fleet
State. The author was so generous to credit the average new car CO emissions by 25% over the period
reductions of motor vehicles emissions over the last 30 1996 to 2008. The EU is committed within the United
years especially nitrogen oxides (NO ), carbon monoxide Nations Framework Convention on Climate Change tox

(CO) and hydrocarbons (HC) per  vehicle  kilometre. stabilize emissions of carbon dioxide at 1990 levels by
These improvements according to the author have largely 2000. Under the December 1997 Kyoto Conference, as
been in response to more stringent emissions limits for parties to this convention the EU accepted a target to
new vehicles in the European Union, North America and reduce its greenhouse gas emissions by 8% by 2008-2012
Japan. These are all developed world, hence he is right to compared to 1990 levels.
mention their reductions; but the reverse may hold for Vehicles, according to Holman [12] are used for many
developing countries like Nigeria. years before they are scrapped (typically over 10 years for

Apart from above gases, the author also mentions a passenger car, longer for other vehicles in the UK). It
significant, but smaller, reductions in emissions of therefore takes some years, according to this worker for
particulate matter (PM) per vehicle kilometre as further the benefits of cleaner/more fuel-efficient new vehicles to
limits are being introduced for new vehicles sold in these have maximum impact on the environment. To encourage
developed markets over many years now. For Holman [12] a more rapid turnover of the fleet and the purchase of
the main focus of future legislations for cars, buses and cleaner vehicles ahead of their mandatory introduction,
commercial vehicles will be on particulate matter (PM). fiscal incentives have been used in many EU countries.
The worker and Salway et al [13] also laments, that even Controls have been introduced on fuel quality to
though emissions per vehicle kilometre have declined in complement the investment in new vehicle technologies.
the last 30 years since the introduction of emission The introduction of unleaded petrol allowed the use of
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For CO  the picture is quite different, according to2
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catalysts for petrol cars and limits on the sulphur content Fuel Choice and Emissions: The two main automotive
of diesel has allowed heavy-duty engine manufacturers to
meet PM emission limits from the 1990s. Further controls
on sulphur in both petrol and diesel were introduced in
2000, with projections for lower limits for 2005 – 2012.
Higher quality fuels enable the use of cleaner vehicle
technology and helps in reducing emissions on their own
account. But these areas have not been explored in
developing countries like Nigeria, a major exporter of
crude oil and major importer of refined petroleum products
including petrol, diesel, kerosene; and where there are
constant out of stock syndrome of the products,
adulteration of the products and where anything
including water can possibly go for fuel.

Road Transport Emissions: According to Holman [12]
and Department of the Environment [15] road transport
contributed an estimated 44% of total NOx emissions.
Between EU Member States, road transport contribute 29
– 62% of the total NO  emissions depending on thex

strength of other sources. Road transport is also an
important source of CO (60%) and non-methane volatile
organic compounds (37%) in the EU. According to this
worker, relatively little PM (16%) and CO  (20%) comes2

from road transport.
At the urban scale, according to Holman [12], London

Research Center [16-18] road transport, in general, makes
a much greater contribution to total emissions than the
national/EU figures, particularly for NOx and PM. There
are higher traffic contributions in city centers (probably
due to congestions as investigated in current work) close
to major roads (as captured as inroads and outreach roads
in this work). For Holman [12] cities with relatively low
contribution from road transport have large industrial
sources (not the case in this work, as Abakaliki is very
low in industrialisation). Good to hear from Holman [12]
that all emissions estimates are uncertain (covering that of
WHO, US/California  and  Nigeria) used  as  a  yardstick
in this work [7, 9, 10]. According to the author, UK
National Environmental Technology Center emissions
estimates for past years are accurate within ±30% for NOx

and ±20 – 25% for black smoke, with no estimates of
accuracy for PM . More worrisome, according to this10

worker, is the future forecasts that are even more
uncertain as they have to rely on forecast of activity in
different economic sectors such as the National Road
Traffic Forecast, which are also subject to uncertainty.
The worker recommended much further emissions
reductions to meet air quality objectives taking into
account these uncertainties.

fuels currently used  worldwide  are  petrol  and  diesel.
For Holman [12], ETSU [19] and Seales [20] it is important
when comparing emissions from vehicles using different
fuels to compare similar vehicles. According to the
worker, comparisons should be between vehicles of
similar function and performance. Emissions from a petrol
car cannot realistically be compared to those of a 32 tonne
lorry. Nor should comparisons be made between high
performance car operating on one fuel and an economy
model on another. Similarly comparisons, according to the
author should be made with similar generations of vehicle.
To this regard, all petrol cars sold in Europe are now fitted
with three-way catalysts which reduce emissions of CO,
HC and NO  and most diesel cars are fitted with anx

oxidation catalyst which reduces emissions of CO, HC and
PM. In addition, the author also warned that comparisons
must be made for vehicles tested using the same test
conditions, as some vehicles have lower emissions under
cruising conditions, while others have advantages under
the stop-start driving conditions of urban areas. Most of
these details were not tested in current work as the aim
was to test basic hypothesis on increased air
concentrations of CO, NO , H S and NH  that may be2 2 3

coming from vehicular emissions.
Due to the different physical characteristics of petrol

and diesel; these fuels, according to Holman [12] and Hall
and Dickens [21] are burnt in different types of internal
combustion engines. Petrol requires a spark to ignite the
fuel and thus is used in spark ignition engines.
Compressing the fuel ignites diesel and therefore the
engines using this fuel are known as compression ignition
engines. There are two types of compression ignition –
direct and indirect injection, commonly known as DI and
IDI respectively. According to the worker, DI engine
requires injecting the fuel directly into the combustion
chamber, while in an IDI engine the fuel is first mixed with
air in a pre-chamber and the mixture is injected into the
combustion chamber. Cars and vans have either DI or IDI
diesel engines, whereas only DI engines are used in buses
and lorries due to their superior fuel efficiency. Another
advantage of DI engines is their great durability. Each of
these engines types – spark ignition and DI and IDI
compression ignition have different characteristics. Diesel
cars are more fuel efficient and have lower CO  emissions2

despite the higher carbon content of the fuel. They also
have lower CO and HC emissions compared to similar
modern petrol vehicles. On the other hand emissions of
NOx and PM are greater. Emissions of CO  are lowest, but2

the NOx are greatest from DI compression ignition
engines. DI engines, according to Holman [12] may be
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15% more fuel-efficient than IDI engines and up to 40% 5. Steel, R.G.D. and J.H. Torrie, 1980. Principles and
more than petrol engines. Similarly, the types of HC
emitted from petrol and diesel engines vary considerably,
reflecting the difference in the fuel. Typically, according
to the author, petrol cars have greater emissions of low
molecular weight HC e.g. benzene, while diesel has greater
emissions of low molecular weight compounds e.g.
polycyclic aromatic compounds [22, 23].

CONCLUSIONS

Traffic is a major contributor to carbon monoxide and
nitrogen dioxide air concentrations; while ammonia and
hydrogen sulphide was slightly contributed by traffic in
this scenario. Other anthropogenic sources are implicated
in the gases emissions but were not assessed in this work.
Based on the WHO, US/California, NAC guidelines for
Ambient Air Quality it was found that the various roads
carbon monoxide air concentrations were within the
standards permissible in those roads. Nevertheless, there
is urgent need for commuters that ply these roads to
change their habits like patronizing public transport like
buses, keke-na-pepe in Abakaliki. Similarly the use of cars
with better combustion mechanisms. This will guide
exceeding the limits in view of other contributors like
power generating sets that dot all public and private areas
in the study area. Irrespective of the levels of carbon
monoxide, nitrogen dioxide, hydrogen sulphide and
ammonia that met most of the standards, they are
consoling, but also calls for caution. However, the fears
of commuters on these gases air concentrations can be
allayed temporarily without compromising their concerns
on daily basis.
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