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This paper presents the results obtained from environmental noise measurements at selected locations in
llorin metropolis. Forty two different locations throughout llorin were selected to establish background noise
level, peak noise level and dominant noise sources at these locations. It was observed that, the A-weighted
sound levels (LAeq), background noise level (L ;) and peak noise level (L,,) measured vary with the location

Key Wo rds: and period of the day. Due to traffic characteristics, especially traffic volume, vehicle horns, vehicle-mounted
llorin metropolis loudspeakers, unmuffled vehicles, record players and hawking, there is high Lpeq: Lg,and L,, atroad junctions
Noise map (77 dBA, 66 dBA, 77 dBA), passengers loading parks (76 dBA, 66 dBA, 77 dBA) and commercial centres
Noise pollution (73 dBA, 64 dBA, 74 dBA). Average daily noise exposure level (L Aeq) in llorin metropolis varies from 46 dBA
Traffic noise to 86 dBA. The result of this study shows that the major source of noise in llorin metropolis can be attributed
\Noise descriptors to traffic noise. Other intrusive noise sources include noise from record players and hawking with loud
speakers. Based on the recommendations of Committee on Environmental and Occupational Health (CEOH),

World Health Organization (WHO) and Housing and Urban Development (HUD), only 6 locations out of 42
are under normally acceptable situation while the noise levels of other areas are not acceptable. Based on
the noise descriptors (LAeq, Lo Ly Low Ty @nd L), noise map is developed to identify locations with high
noise exposure. The noise map developed reveals high noise exposure at the nucleus of the metropolis
where commercial activities, high traffic volume and clustered buildings with high population exist. The
result of this study is useful as reference and guideline for future regulations on noise limit to be implemented
for urban areas in Nigeria.

INTRODUCTION The problem of environmental noise pollution has not
been properly recognized despite the fact that it is steadily
growing in developing countries. Davis & Masten (2004)
stated three valid reasons as to why widespread recognition
of noise pollution problem has not materiaized in asmilar
fashion ashave air and water pollution problems. These rea-
sonsare summarized i nthe definition and perception of noise
asasubjective experience, short decay time, and difficulty to
associate cause with effect when it comesto healthimpacts.

Environmental noise pollution, aform of air pollution, isa
threat to health and well-being. Noise pollution hasassumed
alarming proportions and has become even more dangerous
than water and air pollution. It ismore severe and widespread
than ever before, and it will continue to increase in magni-
tude and severity because of population growth, urbaniza-
tion, and the associated growth in the use of increasingly
powerful, varied, and highly mobile sourcesof noise. It will
al so continue to grow because of sustained growth in high-
way, rail, and air traffic, which remain major sources of en-
vironmental noise. The potential health effectsof noise pol-
[ution are numerous, pervas ve, persistent, and medically and
socially significant. Noise produces direct and cumulative
adverse effectsthat impair health and that degrade residen-

In contrast to many other environmental problems, noise
pollution continues to grow and is accompanied by an in-
creasing number of complaintsfrom people exposed to the
noise. The growth in noise pollution is unsustainable be-
causeitinvolvesdirect, aswell ascumul ative, adverse health
effects. It also adversely affectsfuture generations, and has
socio-cultural, aesthetic and economic effects (Ozer et al.

tial, social, working, and | earning environmentswith corre-
sponding real (economic) and intangible (well-being) losses.
It interferes with sleep, concentration, communication and
recreation. The aim of enlightened governmental controls
should be to protect citizensfrom the adverse effects of air-
borne pollution, including those produced by noise. People
have the right to choose the nature of their acoustical envi-
ronment; it should not be imposed by others (Oyedepo &
Saadu 2010).

2009, Yilmaz & Ozer 2005).

Many surveysaddressing the problem of noise pollution
in many cities throughout the world have been conducted
(Singh & Daver 2004, Li et al. 2002, Morillas et al. 2002,
Zanninetal. 2002, Alberolaet al. 2005, L ebiedowska 2005,
Pucher et al. 2005, Tansatchaet al. 2005), and have shown
the scale of discomfort that noise causes in people' slives
(Ali & Tamura2003, Mariuset al. 2005).
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Fig. 1: Overview of Ilorin metropolis showing the locations of noise measurements throughout this study (Source: Survey Division, Min. of

Lands & Housing, llorin, Kwara State).
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Existing evidence indicating that noise pollution may
have negativeimpacts on human heal th hasjustified research
in order to provide better understanding of noise pollution
problems and control (Georgiadou et al. 2004).

Depending onitsduration and volume, the effects of noise
on human health and comfort are divided into four catego-
ries; physical effects, such ashearing defects; physiol ogical
effects, such asincreased blood pressure, irregularity of heart
rhythmsand ul cers; psychological effects, such asdisorders,
dleeplessness and going to sleep late, irritability and stress;
and finally effects on work performance, such asreduction
of productivity and misunderstanding what isheard (Marius
et al. 2005, Quis 2001).

City noise levels can be investigated in three different
waysastraffic and transportation; industrial activities; sport,
marketing and entertainment facilities (Dursun et al. 2006).
In comparison to other pollutants, the control of environ-
mental noi se has been hampered by insufficient knowledge
of its effects on human and lack of defined criteria. Noise
pollution is a significant environmental problem in many
rapidly urbanizing areas. It iswell established now that noise
is a potential hazard to health, communication and enjoy-
ment of social life. It isbecoming an unjustifiable interfer-
ence imposition upon human comfort, health and quality of
life.

In Nigeria, the problem of noise pollution iswide-spread.
Several studiesreport that noise level inmetropolitan cities
exceeds specified standard limits. A study by Ugwuanyi et
al. (2004) conducted in Makurdi, Nigeriafound that the noise
pollution level in the city was about 3 dB(A) to 10 dB(A)
above the recommended upper limit of 82 dB(A).
Anomohanran et al. (2008) also found that the peak noise
level at road junction in Abraka, Nigeriato be 100 dB(A).
Thisnoiselevel ishigher than the recommended level of 60
dB(A) for commercial and residential areas. Ighoroje et al.
(2004) investigated the level of noise pollution in selected
indugrial locationsin Benin city, Nigeria. The average am-
bient noise level in Sawmills, Electro-acoustic market and
food processingindustrial areaswas determined to beabove
90 dB(A). Thisnoise level iswell above the healthy noise
level of 60 dB(A).

The noise pollution is not a unique problem for
developing countries likeNigeriaonly. Many researcheshave
reveal ed that more than 130 million people in Europe suffer
from exposureto noiselevel sabove 65 dB(A) (Commission
of the European Communities 2000). Bond (1996) reports
that 16% of people in Europe are expose to 40 dB(A) or
more of traffic noisein their bed roomsat night compare it
with WHO’s average estimates of 30 to 35 dB(A) for
undisrupted sleep. WHO has proposed the time base
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guidelinefor L Acq for 16 h daytime and 8 h night-time. The
environmental noise level of 70 dB(A) L Aot 24 h was
recommended by WHO for industrial, commercial, shopping
and traffic areas, indoors and outdoors areas to prevent
impai rments.

InNigeria, thereisnolega framework uponwhich noise
pollution can be abated. Federal Environmental Protection
Agency (FEPA) in Nigeriaonly provided daily noise expo-
sure limits for workers in industry (i.e., 90 dB(A) for 8 h
exposure). In short, the Nigerian Government and her
citizenry appear not to be conscious of the present and fu-
ture impacts of noise induced health hazardsin their envi-
ronment. Unlessand until measures are taken to control the
level of noise, the ongoing urbanization and industrializa-
tion may complicate the problem so much that it becomes
incurable.

The noise pollution situation in [lorin metropolisissimi-
lar to that in many urban areas. The city isrelatively large,
having rapid increase in population growth rate. The popu-
lation has increased from 423, 340 in 1980 to 902, 131 in
2006 (NPC 2006). The city has expanded continuoudly in
all directions in the past two decades. Many significant
changes have been experienced in termsof urbanization, in-
dustrialization, expansion of road-network, and infrastruc-
ture. The city has been subjected to persistent road traffic
and commercial activitiesdueto overall increasein prosper-
ity, fast devel opment, and expansion of the economy.

Theprime objectives of thisinvestigation are (1) to evalu-
ate the noise levelsin strategic locations (i.e., commercial
centres, busy roads/road junctions, passenger |oading parks,
and residential areas) in the city, (2) to identify the major
source(s) of noise pollution in the city and (3) to develop
the noise map of thecity.

MATERIALS AND METHODS

Study area: Thisresearchisbased on the results of outdoor
sound level measurementscarried out in July 2005 at 42 dif-
ferent locations (12 commercial centres, 12 road junctions
and busy roads, 6 passengers loading parks, 6 high density
areasand 6 low density areas) in llorin metropolis, the capi-
tal city of Kwara State. Table 1 showsthe locations sel ected
for the noise level measurementsin Ilorin metropolis. Figs.
1 and 2 show an overview of llorin metropolis showing the
| ocati ons of noi se measurementsfor this study and the popu-
lation growth of the city respectively.

Experimental procedure: Instrumentation for the field
measurementscons sted of precisiongrade sound level meter
(according to IEC 651, ANSI S1.4 type), ¥2-in. condenser
microphone and 1/3-octavefilter with frequency range and
measuring level range of 31.5Hz-8KHz and 35-130dB sound
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Table 1. Locations selected for the noise level measurements in llorin
metropolis.

Designation No. Location Designation No. Location
1 Tra-Alarmu 22 Tta-Amodu
2 Ofta Garage 23 Taiwo Road
3 Gaa-Akanbi 24 Agbooba Junction
4 GRA 25 Baboko Garage
5 Tanke 26 Agaka
6 Basin 247 Oja-Titun
7 Jebba Road 28 Kuntu
8 Maraba 29 Unilorin Junction
9 Yoruba Road 30 Adewole
10 Challenge Junction 31 Sawmill-Garage
11 Railway Station 32 Asa Dam Road
12 Unity Road 33 Gert Alimi
13 Niger 34 Afrport
14 Ago Market 35 Adeta
15 Emir’s Road 36 Pakata
16 Opo Maln 37 Oloje
7 Ipata Market 38 Okelele
18 0Oja-Gboro 39 Shao Garage
19 Gambari 40 Sobi Road
20 Oja-Oba 41 General TTospital
Round-about
21 Gegele 42 Balopgun Fulani

respectively. Theingrumentswere calibrated by theinternal
level calibrator before making measurements at each site.
All theinstruments comply with IEC standards.

The measurementswere made at street level (at roadjunc-
tions, market centres, passengers|oading parks and residen-
tial areas). Theinstrument was held comfortably inhand with
the microphone pointed at the suspected noise source at a
distance not lessthan 1 m away from any reflecting object.
L, (A-weighted instantaneous sound pressure level) meas-
urementswere recorded at interval s of 30 secondsfor ape-
riod of 30 minutes, giving 60 meter readings per sampling
location. Thisprocedure wascarried out for morning (7:30-
8:00 a.m.), afternoon (1:00-1:30 p.m.), evening (4:00-4:30
p.m.) and night (8:30-9:00 p.m.) measurements. From these
readings, commonly used community noise assessment quan-
tities like the exceedence percentiles L, and L, the A-
weighted equivalent sound pressure level, L Acqf the daytime
average sound level, L, the day-night average sound level,

L, the noise poIIutlon level, L, and the traffic noise in-
dex, TNI were computed. These n0|se measures are defined
asfollows ( Saadu et al. 1998).
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Lyp = Lag +(Ly - Loo)

TNI =4(L,, - Lg) +(Lg - 30)

Where, L, isthei™ A-weighted sound pressurelevel read-
ing dB, N is the total number of readings, L peq is the A-
weighted equivalent sound pressurelevel, L AcqM istheequiva
lent sound pressure for the morning measurement, L, wnlS
the equivalent sound pressure level for the afternoon meas-
urement, L, istheequivalent sound pressure level for the
evening measurement, L AcaN is the equivalent sound pres-
surelevel for the night measurement, L isnight time noise
level, L isday time noise level, L, isthe noise level ex-
ceeded 10% of thetime, L, isthe noiselevel exceeded 90%
of the time, L, is noise pollution level, L is day-night
noiselevel, TNI isthetraffic noiseindex.

RESULTS AND DISCUSSION
Assessment of Noise Descriptors

Noise measurementswere donewhen theeffects onthenoise
sources of variable factors (e.g., wind speed, rainfall, etc.)
were at minimum. All the data were obtained on weekdays
and under suitable meteorological conditions, i.e., no rain.
Measurementswere recorded at interval of 30 secondsfor a
period of 30 minutes, giving 60 meter readings per location.
Thedatawere used to eval uate noi se descri ptors intheform
Of Lo Lig Lo TNL L L, LyandL

10’ —90’ NP’

The average noise descriptorswere determi ned per loca-
tion. Table 2 shows the daily average values of noise
descriptors for all the sites surveyed. The sites are desig-
nated with numbers 1 to 42.

From Table 2, location 10 hasthe highest valuesof L,
(86 dBA), L, (92 dBA), L, (89 dBA), TNI (122 dBA)
L,-(106 dBA) L, (92 dBA) and second highest value of

o (72dBA) and LN (84 dBA). Location 15 hasthe second
highestvaluesof L, (84dBA), L,,(87 dBA), TNI (112dBA),
L, (102 dBA), L, (91dBA) and highest value of L (85
dBA). These two locations are road junction/busy roadsin
the city surveyed. In order of high noise descriptors, next to
these two locations are sites 20 and 25. The average values

of noise descriptors of these locations are: L, (82 dBA),
L, (86 dBA), L, (73 dBA), TNI (98dBA), L » (96dBA),
LD(83 dBA), L, (83dBA) Lo\ (89dBA) and L, (82 dBA),

L. (86 dBA), L, (74 dBA), TNI (92dBA), L. (94dBA),
L_(8LdBA), L (82dBA), and L _ (88dBA) respectively.

Locations 20 and 25 are commercial centres and
passengersloading park respectively. The background noise
levels (L) at these locations are higher than locations 10
and 15. Thisis due to intrusive noise sources from human
conversation due to commercia activities, radio player,
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Fig. 2: Theincreasein population of llorin.
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electric generator noise, etc. The lowest noise descriptor
values were recorded at location 34 and 6 with values L ,

(46 dBA), L, (44 dBA), L, (34 dBA), TNI (44dBA), L,
(56dBA), L (49 dBA), L, (44dBA), L, (52dBA), and L,
(47 dBA), L, (49 dBA), L, (44 dBA), TNI (33dBA), L,,,
(52dBA), L (43 dBA), L, (53dBA) and L (59dBA)
respectively. Theselocationsarelow density residential areas.
Among thefactorsresponsiblefor differencesin noiselevels
in the centres surveyed include location site, presence of
intrusive noise, traffic volume, commercial activities, etc.

The environmental sound levels measured at agiven lo-
cation depend on a number of specific variables. In particu-
lar, many authors have found that the observed sound levels
are mainly related to road traffic characteristics, and espe-
cialy traffic volume, vehicle horns, rolling stock and tires,
unmuffled vehicles, etc. ( Oyedepo & Saadu, 2008, Oyedepo
& Saadu 2009, Mansouri et al. 2006, Garcia & Garrigues
1998, Bruel & Kjaer 1998, Dai et a. 2005). Several studies
have demonstrated that the urban conditions of agiven area
areaso avery important factor influencing the environmental
noise levels.

There is variation in the noise levels with the period of
the day and the nature of the location. In general, there are
high noise pollution levels (L) in the daytime (7:30 am.-
2:30 p.m.) compared with the night time (8:30 p.m.-9:00
p.m.), except in the residential areas where the majority of
theresidentsare not always at home during theworking days
of the week; hence, the noise levels are low at residential
areas (especialy inlow-density residential areas) in afternoon
time. Figs. 3to 5 show the variations of noise pollution levels
(L), traffic noiseindex (TNI) and equivalent pressure noise
level (L,,) with location and period of the day. At
commercial centres, road junctions, passenger loading parks,
and high-density areas, the noise descriptors L., TNI and
L e, isefrom morning and reach peak valuesin the afternoon
and evening but descend in the night to low levels.

The high noise pollution levels in the morning and
evening at theselocations can bejustified asaresult of morn-
ing rush hour. The noise pollution levels in the afternoon
time (1:00 p.m.-2:30 p.m.) at low-density residential areas
are generally low. Thisis because the mgjority of the resi-
dentsarenot awaysavailable at homein the afternoon. Some
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areintheir offices, markets, or shopswhile children arein
their schools by thistime of the day. Moreover, most of the
low-density residential areas are developing areas, while
someare government-reserved areas. The numbers of vehi-
clesthat ply ontheroadsinthese areasare very low, and of
course, there is a speed limit (40 km/h) for every vehicle
that passesthrough these areas. Blaring of hornsand move-
ment of unmuffled vehicles are prohibited in some of these
areas.

At the time of this measurement, the highest and |owest
averagenoisepollutionlevels(L, ), traffic noiseindex (TNI)
and equivalent pressure noise level (L Aeq) were 106 dB(A),
122 dB(A), 86 dB(A) at location 10 (road junction) and 52
dB(A), 33dB(A), 46dB(A) at locations 6 and 34 (low-den-
Sity resdential area), respectively.

evel Lpeq with location and period of the day.

Locations 10 and 15 were found to be the noisiest sites
with peak noise levels (L, ) of 92 dB(A) and 94 dB(A), re-
spectively, compared to the peak noisevalue of 91.5dB(A)
inMarkurdi (Ugwuanyi et al. 2004) and 100 dB(A) in Abraka
(Anomohanran et al. 2008). The high noise pollution values
of these sites may be as a result of the noise produced by
music players and the proximity of these sites to the high
traffic density of roadsand presence of nearby rail stations.
The high noise levels at road junctions confirm once more
the previous findings of many authors pointing to the exist-
ence of a very close association between the sound levels
measured at a given urban location and the road traffic vol-
umeflowing by that location (Dhananjay & Prashant 2007,
Mansouri et al. 2008).

High noise levels exposure in the city occursin the day

Nature Environment and Pollution Technology - Vol. 11, No. 4, 2012
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Table 2: Average noise descriptors at study locations.

Ste L, L, Ly TNl L, Ly L, Ly
dBA dBA dBA dBA dBA dBA dBA dBA
1 49 52 44 47 57 49 49 55
2 77 8 69 8 8 T2 79 8
3 6L 65 5 59 69 63 63 66
4 57 59 48 6L 63 59 56 53
5 55 53 46 44 64 57 56 63
6 47 49 44 33 52 43 53 59
7 71 75 53 118 9 73 68 75
8 74 76 60 94 9 79 71 80

9 58 64 53 46 68 65 66 72
10 86 92 72 122 106 89 84 92
11 75 78 70 70 83 7 75 81
12 78 81 71 79 87 78 7 84
13 73 76 63 83 86 74 76 82
14 71 74 63 7 82 70 75 81
15 84 87 69 112 102 83 85 91
16 65 69 59 70 76 65 66 72
17 71 71 56 86 86 74 69 7
18 76 70 57 81 81 72 76 83
19 81 83 71 87 92 84 81 88
20 82 86 73 98 96 83 83 89
21 78 81 66 97 93 79 81 87
22 79 83 71 87 90 79 79 85
23 71 74 64 75 80 73 72 79
24 78 82 72 84 88 78 79 85
25 82 86 74 92 94 81 82 88
26 80 82 71 83 90 81 80 87
27 67 70 57 81 81 74 71 78
28 64 66 54 72 76 62 67 73
29 71 75 62 87 85 71 71 7
30 50 51 41 53 61 54 49 57
31 7 79 70 7 86 80 74 82
32 74 74 61 84 86 74 74 80
33 76 79 68 81 87 78 74 82
34 46 44 34 44 56 49 44 52
35 72 75 62 87 86 73 72 79
36 75 7 62 92 90 75 75 81
37 70 73 62 80 81 74 68 76
38 64 67 60 57 72 60 69 75
39 74 76 60 94 90 79 71 80
40 81 83 70 93 94 81 83 89
41 76 81 68 89 89 76 7 83
42 60 62 54 54 67 61 59 66
Mean 70 73 61 79 82

Min. 46 44 34 33 52 43

Max. 86 92 74 122 106 89

timeat road junctions/major roads. Thisisfollowed by pas-
sengers loading parks and commercial centres. Inthese lo-
cations, apart from traffic noise, other intrusive noi se sources
include noise from record players, loud speakers, hawking
and human conversation contribute majorly to environmen-
tal noise pollution.

In this study, some of the locations show a significant
difference between L, average and L ,, maximum. Site 25 (a
passenger |oading park) illustratesthe highest differencewith
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L,, as74dB(A) comparedtoL , averageof 60dB(A). This
means some of the gationsaround the | ocation noted amuch
higher background noiselevel exposure. Thisindicatesthat
people located around the location will experience much
higher background noise level which could lead to human
annoyance, reducethelifequality or might affect health and
psychological well being. Site 20 (commercial centre) and
site 10 (road junction) al so noted considerable differencein
L, They both have values of 73 dB(A) and 72 dB(A) re-
spectively. The high background noise level at these loca-
tionsmay be aresult of intrusive noise from unmuffled ve-
hicles, blaring of horns, record players, hawking and human
conversation. Sites 10 and 15 (road junctions) were found
to be the noisiest sites with a peak noise level of 88 dB(A)
and 84 dB(A) respectively.

The U.S. Department of Housing and Urban Develop-
ment (HUD) (Girardet 1992), recommends the following
noiselevelsfor residential areas, measured outdoors.

LAeq £ 49 dB(A) - clearly acceptable
49 <LAeq £ 62dB(A) (or LDN £ 65 dB(A)) - normally acceptable
62<LAeg£76dB(A) (or65<LDN £ 75dB(A) ) - normally unacceptable

LAeq> 76 dB(A) (or 75dB(A) < LDN) - clearly unacceptable

Congdering the criteriafrom HUD, only 9 locationsrep-
resenting 21.4% out of the 42 locations surveyed, can be
classified asnormally acceptable, while 14 |ocationsrepre-
senting 33.3% can be classified as clearly unacceptable. A
widely accepted scientific factisthat living in black acous-
tic zones, wherethe equivalent sound level ishigher than 65
dB(A) (Alberola et al. 2005) put an urban population in a
highrisk status for numerous subjective effects of noise, in-
cluding psychological, deep and behavioural disorder.

Most of the countries, keeping in view the alarming in-
creaseinenvironmental noise pollution, have come up with
permissible noise standards. The US Federal Highway Ad-
ministration (FHWA) in April 1972 published interim noise
gandardsfor variousland useasgivenin Table 3. TheWorld
Health Organi zation (WHO) has suggested astandard guide-
line valuefor average outdoor noiselevelsof 55dB(A), ap-
plied during normal daytime (16 hours) in order to prevent
significant interference with the normal activities of local
communities, and is considered as serious annoyance, while
avalueof 50 dB(A) asmoderate annoyance. Table 4 shows
the WHO Guideline valuesfor community noiselisting also
critical health effects ranging from annoyance to hearing
impairment.

The result of this study shows that noise levels (L) in
all the passenger loading parks surveyed (ranges from 72-
86 dB(A)) are higher than the recommended values by
FHWA (i.e., 60 dB(A)). In other locations, such as devel-
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oped areas and residential areas the measured noise values
(L,,) canbeclassfied asnormally acceptable. Out of 12 de-
veloped areas (commercial centres) surveyed only 5 loca-
tionshaving noiselevel higher than 75dB(A), out of 6 high
density residential areas, only 2 locationsrecorded noiselev-
elshigher than 70 dB(A) and out of 6 low density residen-
tial areas, only 1 location had noise levels higher than 55
dB(A).

Based on the National Guidelines for Environmental
Noise Control by Federal-Provincial Advisory Committee
on Environmental and Occupational Health (CEOH), agen-
erally acceptable road traffic noise level L | for residential
areas should belessthan 55 dB(A) and for night, L, should
not be greater than 50 dB(A). An areawith environmental
noise level less than 55 dB(A) is usually considered as a
comfortable environment with little or no annoyance so that
no negative physical and mental influencewill be caused to
essential activities such as working leisure and seeping
(Ahamad et al. 2006, Panadya 2003). Among all the loca-
tions surveyed, only the low density residential areas like
locations 1 and 34 are acceptable intermsof the noiselevels
as per recommendations of CEOH and WHO. If the stand-
ard of HUD isconsidered, the dwelling areaslike locations
1,4, 5, 6,30 and 34 are under normally acceptable situation
and the noise levels of the other areas are till not accept-
able. It may, therefore, be stated that the locations that fall
under commercial centres, road junctions'major roads, pas-
senger loading parks and high density residential areas do
not satisfy the recommended noise limit requirements ac-
cording to these standards.

To ascertain the significant differencein the noiselevel
exposure in the sites surveyed throughout the daytime pe-
riod (from morning to evening time), analysis of variance
for two-factor experiment, using F-distribution was carried
out on the noise descriptors (L, and L ). At 90% confi-
dence level, the mean squareratio (MSR) calculated for L
is 38.23 while the tabulated value of mean square ratio is
2.36. Similarly, at the same confidencelevel, the MSR cal-
culatedfor L is167 and the tabulated value remain the same
at 2.36. Sincein thetwo cases, themean square calculated is
greater than the mean square tabulated, the noise level s ex-
posure differ significantly from one location to another.

Traffic Volume M easur ement

Oneof the most important characterigtics of atraffic stream
isitsvolumewhich can be defined asthe number of vehicles
passing through a section of aroad in a unit time, usually
one hour. Another parameter closely related to traffic vol-
ume is the rate of flow which is also used to describe the
number of vehicles passing a point on a section of highway
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or alanein aperiod of time lessthan one hour, usually fif-
teen minutes or five minutes. The peak hour factor, whichis
ameasure of consistency of demand, can be defined asthe
ratio between the number of vehi clescounted during the peak
hour and four times the number of vehicles counted during
the highest fifteen consecutive minutes or twelve times if
counted during the highest five consecutive minutes.

The peak hour factor is used to determine the critical
volume used in the design of major urban streets. It isused
to determine the geometry of such urban streetsin terms of
lanes, their width and at timesto impose speed limits(High-
way Capacity Manual 2000, Normann 1962).

Tables 5 and 6 show traffic volume count obtained in
some selected heavy and lightly busy roadsin Ilorin in the
year 2005 (Jimoh & Y usuf 2006). The morning and evening
peak periodswere determined and hence applied for compu-
tation of PHF asgivenin Table 7.

Volume of traffic for both heavy and lightly busy roads
inllorin with peak volume occursin the morning and evening
for all the roads. Baboko Junction (1180), has the highest
peak followed by Taiwo road (1079) and Challenge Junc-
tion (1033), and all occurringin the afternoon between 4:00
p.m.-5:00 p.m. and 5:00 p.m.-6:00 p.m. However, Emir's
road (882), Geri Alimi road (774) and Jebbaroad (898) are
fairly busy roadswith peak volumes occurring inthe morn-
ing and evening from 9:00 am.-10:00 a.m., 3:00 p.m.-4:00
p.m. and 4:00 p.m.-5:00 p.m. respectively. Traffic alongthese
roads is fairly uniform. The peak hour volumes and peak
hourly rates of flow of Emir’sroad, Geri-Alimi road, Taiwo
road and Baboko Junction are much higher than the corre-
sponding values for Asa Dam and Jebba roads. High PHF
for AsaDam and Jebbaroadsisas aresult of large number
of heavy trucks whose passenger car equivalent values are
relatively higher (that is 3) than that of passengerscars(1).
Subgtantial portionsof the two roads are suburban and hence
mostly carry through traffic whilethe other arterialsare com-
pletely urban. Thisimpliesthat factorslike directional dis-
tribution of vehicles, lane distribution of vehicles and traf-
fic composition affect the traffic stream volume.

The PHF is normally distributed for major arterialsin
llorin and usually falls between 0.85 and 0.96 with mean
and standard deviation in the range 0.854-0.931 and 0.03-
0.07 respectively. The corresponding averages are close to
the values reported for selected American urban interces-
sions(Normann 1962).

The traffic mix of llorin, like other urban citiesin Ni-
geriacomprises of the following composition, cars (90-93%),
lorries (5-7%), buses (2-5%) and heavy trucks (1-2%). Ac-
cording to Dai et al. (2005), traffic noise heavily relies on
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traffic flow to which the noise levels are measured. In their
work, a relationship for traffic noise and traffic flow was
established. Establishment of such arelationship issignifi-
cant for engineers and researchersto eval uate thetraffic noise
intensity of aspecified road with agiven trafficflow. Onthe
other hand, if thetraffic noiselevel of aroadis specified, as
per the regul ations set forth by the government or organiza-
tions, the maximum allowabl e traffic flow for thisroad can
al so be determined with the rel ationship.

NoiseMap for Ilorin Metropolis

Noise maps describe spatial distributions of noise levels.

They allow an efficient visualization of the noise distribu-

tionsin areaswheretheland usesare sensitive to noise. Noise

mapping isavery efficient noise assessment method in ur-

ban areas(Coelho & Alarcao 2006). Before proposing noise

control policies, noise mapsare needed to examine noiselevel

regulation and identify primary noise source (Tsai et al.

2009). A noise map isconsidered asatool to improve or to

preserve the quality of the environment regarding noise pol -

lution, allowing a comprehensive look at the problem of

multiple sources and receivers. Noise map isalso an excel-

lent tool for urban planning. According to Santos& Valado

(2004), the use of noise maps techniques as a planning tool

allows:

e Quantification of noiseinthe studied area

» Evaluation of the population exposition

» Creation of adatabase, for urban planning with localisa-
tion of noisy activities and mixed and sensible zones

* Modelling of different scenarios of future evolution

» Prediction of impact noise of projected infrastructureand
industrial activities

» Improvement of the enforcement of regional or national
plansto decrease new noise resource aswell asto protect
new noise sensitive and tranquillity needed areas.

» Monitoring of noise reduction schemes and their effec-
tiveness during the enforcement process

* Monitoring changing trendsin environmental noise

» Provision of aresearch platform for studying the effects
of noise on the human body

In thiswork, noise mapping and, of course, noise abate-
ment plansdrawn for noiselevel s of different land use zones,
including commercial centres, major road junctions, passen-
ger loading parks, resdential areas(high density andlow den-
dty) arepresented. Theresultsare compared with related noise
regulation standards. All thedatacollected at the 42 Steswere
used to develop a noise map for Ilorin metropolis. A noise
map based on the noi se descriptors: daytime noiselevel (L),
night-timenoise level (L, ), day-night noiselevel (L), traf-
ficnoiseindex (TNI), average weighted equivalent noiselevel
(L Aeq) and noise pollutionlevels(L, ) has been devel oped.

NP)
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Fig. 6 showsthe noisesmap of Ilorinmetropolis. Thenoise
map reveal sthat the nucleus of thecity ischaracterized by a
high noise exposure level. The daytime noise level is 84
dB(A), the night-time noiselevel is81 dB(A), the day-night
time noise level is91 dB(A), the TNI isin the range of 85-
115 dB(A), and the noise pollution level isin the range of
90-105dB(A). The outskirt area of thecity isbasically low-
density residential areas and developing sites. The highest
daytime noise level is 74 dB(A), the night-time noise level
is 68 dB(A), the day-night noise level is 76 dB(A), traffic
noise pollution is 80-95 dB(A), and noise pollution level is
90-100dB(A). Generally, the suburbsof the city are charac-
terized by low noise, but due to major roadsthat passthrough
some of these locations, traffic noise contributes asamajor
source of environmental noise pollution in some of the
outskirt locations. In the centre of the city, there are concen-
trationsof shops, markets, and clustered buildingswith high
population and traffic volume. All these are responsiblefor
high noise exposure levels; therefore, the resdentsliving or
trading in these areas are exposed to noise levels of 80-90
dB(A) or moreevery day. Thisisvery dangerousto the health
of the peoplein these areas. According to the World Health
Organization, generally 60dB(A) sounds can result in tem-
porary hearing impairment and 100 dB(A) sounds can cause
permanent impairment. The noise levelsof 1lorin metropo-
lisare similar to those reported for other cities around the
world in Jordan, Spain, Brazil, Turkey and India (Ahamad
et al. 2006, Garcia & Garrigues 1998, Zannin et al. 2002,
Dai et al. 2005, Ali & Tamura2003).

This work is an eye-opener to see and understand the
importance of noise map for Nigerian urban areasasit ena-
blesoneto know areasthat are noisy and oneswith low noise.
Also, the category of people in the urban areas exposed to
different noise sources and noise exposure dose based on
their occupation is known with the help of the noise map.
Furthermore, the noise map hasthe potential to enable data
to be accessible to the general public in away that is com-
prehensible. This could have the effect of raising people’s
awareness of noise asapollutant and, thus, creating thecli-
mate necessary for theimplementation of anoise-reduction
program.

CONCLUSION

Inthisstudy, environmental noise analysesat selected loca-
tions were presented to represent typical equivalent noise
level (L), background noiselevel (L), traffic noiseindex
(TNI), noise pollutionlevel (L), L, L, L andL at42-
selected sitesin llorinmetropolis. It isinteresting to see that
wherelocations of the monitoring stations are near the busy
roads/road junctions, commercial centres and passengers
loading parks the equivalent noise level, background noise
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Table 3: FHWA noise standards (Dhananjay & Prashant 2007).

S/No. Land use Noise level L, Description of land use category

1 A 60 dBA (Exterior limit) For parks and open spaces

2 B 70 dBA (Exterior limit) Residential area, Hotels, Schools,
Libraries, Hospitals etc

3 e 75 dBA Developed areas

4 D 55 dBA (Interior limit) Residential area, Hotels, Libraries

Table 4: WHO guidelines for community noise (Mansouri et al. 2006).

Sound level

Environment Critical health effect dB(A) Time hours
Outdoor living areas Annoyarnce 50-55 16
Indoor dwellings Speech intelligibility 35 16
Bedrooms Sleep disturbance 30 8
School classrooms Disturbance of communication 35 During class
Industrial. commercial and traffic areas | Hearing impairment 70 24
Music through earphones Hearing impairment 85 1
Ceremonies and entertainment Hearing impairment 100 4
Table 5: Traffic trend for Ilorin urban arterials (heavy busy roads and junctions).
Traffic volume on roads
Jebba Road Taiwo Road Baboko Junction Challenge Junction

Time of the day Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
7:00-8:00 587 607 430 506 642 558 500 624
8:00-9:00 810 800 708" 670 700 760 897" 701°
9:00-10:00 816" 806" 699 747" 804 876 762 700
10:00-11:00 747 787 647 627 936 900 443 459
11:00-12:00 41 487 540 564 851 931" 341 351
12:00-13:00 492 446 500 540 837 909 250 292
13:00-14:00 643 673 418 422 984 900 431 361
14:00-15:00 753 789 542 514 998 1058 499 529
15:00-16:00 692 668 589 713 1004 1080 722 800
16:00-17:00 812* 898" 945 974 1180* 1018 987" 1033*
17:00-18:00 736 688 998” 1079° 799 919 762 729
18:00-19:00 507 533 970 938 700 886 477 511

*Morning and evening peak volume.; Source: (Jimoh & Y usuf 2006)
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Table 6: Traffic trend for Ilorin urban arterials (light busy roads).
Traffic volume on roads
AsaDam Road Geri Alini Road Unityn Road Emir's Road

Time of the day Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
7:00-8:00 251 227 667 639 390 402 432 440
8:00-9:00 300 346 662 666 598 626 686 656
9:00-10:00 505 4017 668" 620 621" 572 800" 882"
10:00-11:00 296 350 432 400 462 440 667 639
11:00-12:00 280 252 446 489 427 453 511 557
12:00-13:00 272 200 337 353 401 433 360 398
13:00-14:00 269 249 330 356 306 271 438 400
14:00-15:00 250 308 592 500 280 322 552 584
15:00-16:00 290 208" 726 774 500" 5847 563" 607

16:00-17:00 320" 288 580 612 477 447 480 460

17:00-18:00 200 156 502 474 380 360 394 418

18:00-19:00 96 144 406 440 260 298 300 302
*Morning and evening peak volume.; Source: (Jimoh & Y usuf 2006)
Table 7: PHF values for the respective urban arterials.

Location Morning peak House of Afternoon peak House of

PHF occurrence PHF occurrence

Jebba Road 0.876 9:30-10:30 0.864 16:30-17:30
Taiwo Road 0.966 8:45-9:45 0.982 16:45-17:45
Baboko Junction 0.946 10:45-11:45 0.917 15:45-16:45
Challenge Junction 0.92% 8:15-9:15 0.905 16:00-17:00
Asa Dam Road 0.936 9:00-10:00 0.895 15:45-16:45
Geri-Alimi Road 0.919 8:30-9:30 0.957 15:00-16:00
Unity Road 0.952 §:15-9:15 0.945 15:15-16:15
Emir’s Road 0.961 9:00-10:00 0.943 14:45-15:45

Source: (Oyedepo & Saadu 2010)

level and peak noise level are higher compared to monitor-
ing station near residential areas.

It was also observed that, the A-weighted sound levels
(L Aeq), background noiselevel (L) and peak noiselevel (L, )
measured vary with the location and period of the day. Due
to traffic characteristics, especially traffic volume, vehicle
horns, vehicle-mounted |oudspeakers, unmuffled vehicles,
record playersand hawking, thereishighLAeq, L andL |
at road junctions (77 dBA, 66 dBA, 77 dBA), passengers
loading parks (76 dBA, 66 dBA, 77 dBA) and commercial
centres (73 dBA, 64 dBA, 74 dBA). Average daily noise
exposure level (LAeq) in llorin metropolis varies from 46
dBA to 86 dBA. The noise assessment of Ilorin metropolis
indicated that the noise levelsin the city isescalating at a
very fast rate with growing popul ation and heavy traffic ac-
cumulation. Noise levels obtained at different locations of
the city viz. commercial, residential, road junctions/busy

roads and passengers|oading parks are found to be exceed-
ing the noise level/limits prescribed by World Health Or-
ganization (WHO). It was also observed that higher noise
level inthe city is dueto rapid and unplanned urbanisation
resulting in greater influx of people from all parts of the re-
gion and country, improper management of city roads and
traffic, lack of sufficient parking space and exponential
growth of both private and public vehiclesin the city.

Based on the recommendations of CEOH, WHO and
HUD, only 6 locationsout of 42 are under normally accept-
able situation while the noise levels of other areas are not
acceptable.

Thisinvestigation reveals that noise levels at 30 of 42
measurement points exceeded the recommended limit of 60
dB(A) by valuesof 1-27 dB(A). Hence, the present status of
noise pollution in Ilorin metropolis poses a severe health
risk to the residents. Furthermore, discomfort and irritation
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being caused by the pollution can drastically reduce produc-
tivity, bothin public serviceand private sectors. Inaddition,
some areas may soon reach the threshold of pains and lead
to permanent loss of hearing and death.

This study shows that majority of people most likely
exposed to high noise level in llorin metropolisinclude the
policemen, tradersand commuter driversasthe main source
of noise pollution in the city istraffic noise.

The sources of noise pollution identified in this paper
al 50 exposed the common channels of environmental pollu-
tion through noise and itseffects on the publicin [lorin me-
tropolis which is most significantly similar throughout the
Nigerian cities and the world, in general. The challenges
posed by noise pollution on human health and the environ-
ment have not yet received full attention which it deserves.
Though, generally statutory and policy provisions regulat-
ing noise on pollution in Nigeria aswell as the world over
havelofty aimsand are quite sal utary, however, there isneed
for proper implementation.

RECOMMENDATIONS

Due to the ignorance of Nigerians on the fact that there ex-
ists a close nexus between noise pollution and sustainable
city, little or no attention ispaid to the control of noise pol-
[utionin Nigeria. The execution and implementation of the
law asregards environmental pollutionis never implemented.
It isobserved that the persistence of thisproblem could en-
danger thefuture stability of human health and could aggra-
vate the human health catastrophein the fast growing cities
inNigeria.

Due to the possible adverse effects of high noise levels
on the populace a number of action plans can be taken to
abate the environmental noise pollution in Nigeria. These
include: technical, planning, behavioural and educational
solutions. Since, transport infrastructures can be recognized
asmajor sources of noise, technical actions on the transport
systems can produce interesting results. Possible technical
controlsinclude changes in road profiles, low noise pave-
ments (porous or porous elastic) type, effective repairs to
the dlencersand vehicle suspensi ons so asto reduce exhaust
and rolling stock noise, reductions, limitationsor restrictions
ontraffic (typesof vehicles, speed, hoursof access, etc.) and
building of acoustic barriersalong the sides of heavily trav-
elled highways running through residential areas. Transpor-
tation and land planning (private versus public transporta-
tion, bus lanes, parking areas, shuttle buses, pedestrian ar-
eas) areimportant componentsof the plan. Since, noisea so
results from the citizen's behaviour (driver, music player,
hawker, etc.), information and education campaigns usually
produce good results in the long term. Information on the
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different actions and on the results should be well dissemi-
nated and should correspond to general aimsand action plans.
Thereisaneed to implement the established environmental
noise impact criteria levels for various land use purposes.
These criterialevel swould enableimpactsto be determined.
The authorities should pass laws to check excesses of the
sourcesof high noiselevels, other professional s such astown
planners, architects and environmental engineers as well,
should have the problems of environmental noise pollution
in mind when siting new roads, shopping centres, schools,
hospitals and both commercial and residential houses, in
general. Most valuable step to decrease noise pollution in
big city like Ilorin, ispreparation of noise maps. Noise maps
are very powerful toolsfor communicating results of assess-
ment of environmental noiseto the general public and also
for the government (local and national) to devise noise cor-
rection measures. The noise map itself with the values of
noise descriptors provide baseline data for town planners,
engineers and other professionals and researchers for the
planning and execution of their projects. Based on the im-
portance of noise map as a tool to abate noise pollution in
urban areas and for sustainableurban citiesin Nigeria, itis,
therefore, recommended that noi se map should be made avail-
able for Nigerian urban cities. Most of the citiesin Nigeria
have not presented noise pollution maps. It issuggested that
noise maps should be developed for every big city in Ni-
geriato serveasanoise control measure. The noise map de-
veloped in thiswork isbased on the use of hand; other fast,
efficient and accurate method with el ectronic computer can
be embarked upon for future work. Also, development of
noise mapping software for Nigerian urban centres is rec-
ommended for future work.

Conclusively, aggressive implementation of the exist-
ing laws, policies and guidelines on environmental pollu-
tion will go along way in addressing the problem of noise
pollution and brings about sustainable urban devel opment
inNigeria.
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