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Abstract

In assessing the status of acoustics in Nigeria, efforts have been made to review the work, of
researchers of various nationalities, appraise the role of some countries of the world vis-d-vis
that of the Tederal Republic of Nigeria in promoting anti-noise laws, ordinances and other
governmental acoustical matters that bother on noise. Expounded in this study are the
published works of many Nigerians in acoustical physics as pioneered by Professor Alex 1.
Menkiti, the honoree. The different areas considered are architectural and room acoustics,
environmental noise pollution and control, traffic noise, community and indoor noise,
industrial and occupational noise, and atmospheric and jungle acoustics. Results have shown
characteristics of some available local materials that could find application in vibration and
structure-borne noise isolation. Most of the results in environmental acoustics have also
characterized cities in Nigeria where the investigations were conducted with remarkable
consistency with those of early surveys elsewhere with similar features. It is believed that
acoustical research in Nigeria will be given more attention and greater impetus in future.

Kﬁyword:f: Acoustics, Nigeria, traffic noise, environmental acoustics and jungle acoustics.

1. Introduction

As in some other countries of the world,
acoustics is a developing science in Nigeria.
Its importance has gained tremendous
ascendancy. This is partly as a result of the
fact that every moving device and most
electronic/electrical gadgets generate one
form of sound or the other. Different types of
machines with varying speeds are expected
in our world that is swept regularly by
technological advances. Therefore, sound of
varying characteristics are expected to be
generated and propagated. The use to which
an acoustic signal could be put is yet another
reason for its real importance.

Although applications of acoustics such as in
the selection of a flawless pot or cup among
the newly fired earthen wares or metal from
the newly produced ones have been with
man, the earliest known research in the
broad area of acoustics dates back to the late
19" century when the first attempt was made
to control sounds (Cunniff, 1977). In 1895,

the President of Harvard University was
unhappy about the acoustics in a new
building on the campus. He asked Wallace C.
W. Sabine, who was an Assistant Professor
of Physics, to do something about the
situation. Sabine, who had little or no
guidance from the literature on architectural
acoustics, decided to make some
measurements in the room using a pipe
organ, stopwatch and his own good hearing
with understanding results.

Buildings are design by people for ather
people to work and live in. Incidentally, time
has changed. There are now a great diversity
of building types. They include factories,
offices, schools, hospitals, universities,
hotels, restaurants, houses and studios.
These buildings are erected in ever
increasing numbers for increasing
populations of people to work and live in.
More people, more buildings; mare transport
bring more pollution and more stress. Since
the work of Sabine, most of which were
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published as collected papers on Acoustics
by Harvard University Press (Sabine, 1923)
researchers of various nationalities have
made significant contributions to room
acoustics. Haas (1951) and Thiele (1953)
stated that reflections with delay times of less
than 50 ms are useful but those delayed by a
time interval greater than this are detrimental.
Schroeder (1975), described some research
into the most important objective and
subjective factor of concert hall design. When
the reverberation time fell below 2.2s, or rose
above 2.4s, it became one of the most
important parameters. Definition as defined
by egn. (2) was also found to be of high
subjective importance and an inverse
correlation was found to exist between it and
reverberation time.

Churches, Chapels or Cathedrals all interact
in some mysterious way to create an
atmosphere of quiet and peace necessary for
prayer and meditation. This is because of the
noble and splendid nature of such edifices
designed by architects. The size, the shape,
the surface textures, the space, the depth
and quality of light were borne in mind when

such buildings were being designed.
Construction of places of worship,
classrooms, lecture halls, studios and

conference halls requires achievement of
high-quality sound. Therefore, acoustical
design of these buildings is very important.
Acoustical studies have been conducted for
places of worship (Lannie, 1994; Lannie and
Makrinenko, 1994; Lannie et al., 1997;
Lannie and Soukchov, 1999) and for other
buildings meant for speech making (Tisseyre
et al., 1997, 1998; Tisseyre and Moulinier,
1999; Goydke, 1997, EN [SO, 1995;
ISO/DIS, 1994; 1SO, 1986; (SO, 1991;
Tisseyre and Mouiinier, 1999; Fausti et al,,
1999; Pompoli, 1990-19%94; Ermann, and
Beranek, 1996; Siebein et al., 1992; Barron
and Lee, 1998; Bies and Hansen, 2002;
Nurzynski, 2006; Davidsson et al., 2004 and
Warnock, 1999).

It was long before adverse effects of noise on
man, animals and structures became evident.
It was later found that noise is a serious
poliutant, having wide ranging and far-
reaching effects and difficult to be controlied
by physical means alone. Consequently, the
International Congress on Acoustics chose
as its theme Environmental Acoustics during
its meeting in London in 1971.

Attention has been drawn to hazardous noise

exposure (CHABA, 1966) and regulations
introduced (OSHA, 1975). Much work is
being done in other countries including
developing economy with the aim of limiting
levels (Bathacharya et al., 1990; Shaikh,
1966 and 1999; Shaikh and Zhang, 1999;
and Tandon and Nakra, 1999).

Maximum permissible occupational limits
have been recommended by the International
Standards Organization (ISO) and the
International Institute of Noise Control
Engineering (I-INCE), USA. The European
Economic Community and other countries
follow the recommended limits. For example,
ISO (1971) has recommended a limit of 85-
90 dB (A) Laeq, With exchange rate of 3 dB (A)
per doubling or halving of exposure time; and
I-INCE (1997) has recommended a limit of 85
dB (A) Laeq, With exchange rate of 3 dB (A).
Countries such as Argentina (ISO,1971), the
United Kingdom (DoE, 1971), and China
(Shaikh and Zhang, 1999) allow dB (A) Lae,
with exchange rate of 3dB (A). Australia
(NSON, 1993 and NCP, 1993), Germany and
Sweden (I-INCE, 1997) allow 85 dB (A) Laeq,
with exchange rate of 3 dB (A). Canada
allows 85-90 dB (A) Laeq With exchange rate
of 3 dB (A) (-INCE, 1997 and ORIEM, 1990)
while Korea (TOEL, 1998) and Vietnam
(NALW, 1985) allow 95 dB (A) Laeq with
exchange rates of 3-5 dB (A). USA (OSHA,
1974) and Chile (NALW, 1985) allow 85 dB
(A) Laeq with exchange rate of 5 dB (A).
These limits, highlighted above, have been
allowed for working schedules of 8h/day and
5 days a week, i.e. 40h/week. India has set
up a limit of 90 dB (A) Laeq, (IFINCE, 1997)
without specifying exchange rate and
permissible exposure time.

Apart from extensive work that has been
done by the pioneer researcher, Eyring
(1946), and subsequently others
{(Attenborough, 1983, 1985; Taylor, 1972;
Piercy et al., 1979; Martens, 1981; and
Fégeant, 1999a and 1999b), there are now
well over 521 social surveys of residents’
reactions to environmental noise (Field,
2001).

Underwater acoustics, acoustics in oil and
gas exploration are all areas where acoustics
have found applications. Efforts are also
being directed in the study of thunder
acoustics, galactic and extra-galactic noise.
The objectives of this paper are to
extensively review the work done by some
researchers of various nationalities in the
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broad field of acoustics, assess the status of
acoustics in Nigeria by expounding some
results obtained in investigations by some
Nigerians in the same field. This paper is in
honour of Professor Alex |. Menkiti as he
clocks 70 on 13" June, 2007.

2. Brief on Professor Alex |. Menkiti
Professor Alex I. Menkiti is a University of
London trained Chartered Physicist, and
Engineer and a one-time, two-term, President
of Nigerian Institute of Physics (1996-2000).
Since his return to Nigeria in 1976, Professor
Menkiti has been in the University of Calabar,
Calabar, Cross River State, where he has
been teaching and involved in research in
acoustical physics and related areas at both
undergraduate and post-graduate levels in
the Department of Physics. He has sustained
research in acoustical physics and is known
as the father of acoustics in our country,
Nigeria. He has produced very many
students at both levels. This explains why the
University of Calabar has championed
research in the broad area of acoustics to
date. It is interesting to note that some
Nigerian Universities have now introduced an
aspect of acoustics into their curricula and/or
as a programme either in the Department of
Physics or in the Faculty of Engineering.
Other Nigerian Universities are gradually
embracing this trend.

Professor Menkiti is a member of the Institute
of Acoustics, UK. and a Fellow of the
Nigerian Institute of Physics. He has earned
other several awards such as C. Phy, C.
Eng., FIEE, FNSE, etc.

3. Some Theoretical Foundations

3.1 Architectural and room acoustics

The equation which W. C. Sabine developed
over 100 years ago is, to this day, very useful
in acoustic room design. The equation is

T=0161% (1)
where T is reverberation time, in seconds, to
reduce the sound intensity from a level of 60
dB above the threshold of audibility to the
threshold of audibility, V is room volume in
m® and «a is absorption in sabins. If the
sound absorption coefficient is known for
each surface in a room the sound absorption,
a, in sabins is given by

a= oS, +a,S, + a,5;+...

Onuu.
or
a= Z oS,
i
where o;=Sabine  sound  absorption

coefficient of surface area i and SFarea of
surface / in square metres.

Thiele (1953) speaks of the definition of a
sound signal D in a room quantified by
integrating the energy contained in the useful
reflections and dividing it by the total energy
in the direct and total reflected sound, thus

Sms

[taw2ar

D=7—
[ta(oy?ar @)

where f = 0 donates the arrival of the direct
sound. A continuous transition from useful to
detrimental reflections is usually assumed.
This may be formulated by defining a
weighted function «(f) such that the useful
reflections have an impulse response
function given by

N= [a(){g®)yde 3)

and for a linear fransition

a®)=1 for 0<i<t, (42)
at) = = Jor t;<t<t; (4b)
a(®)=0 for t>t, (4¢)

Niese (1956) suggests t; = 17ms and ¢, =
33ms for use in evaluating «(f). He defines
detrimental sound S as that which is delayed
by more than 33ms; S can be calculated by
integrating the reverberant sound energy
under the sound decay curve with a lower
limit of { = 30ms. The decay curve can be
expressed in terms of the reverberation time
T by

(i) =0

and

for <t<30 ms (5a)

(h) = (B exp242 for ¢ >30 ms. (5b)
Kuttruff (1973) states the echo degree as

E = st (6)

According to Kuttruff (1973), there is a good
correlation between the echo degree and,
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syllable intelligibility. The logarithmic ratio
AL=10log(%) 7

has been found by Beranek to be related to
the acceptability of concert halls, whereas
Lochner and Burger (1960) have found good
agreement between AL and speech
intelligibility.

3.2 Noise rating and exposure

Noise exposure rating, NER, which gives a
measure of the severity of occupational noise
exposure, is calculated using the procedure
published by the committee on Hearing,

Bioacoustics and Biomechanics, CHABA
(1966) and is given by
NER= T ®)

where C, is the total exposure time at a given
steady noise level and T, is the total
exposure time predicted at the corresponding
noise level. If NER<1, the noise exposure is
considered acceptable.

Permissible occupational noise exposure
time per day, allowed under the limits of 85,
88 and 90 dB (A) Laeq, With exchange rate of
3 dB (A), has been given (Shaikh, 1999).
Percentage of overexposure per day, with
reference to the maximum permissible limits
of 90 and 88 dB (A) Laeq for 8h/day, also is
evaluated using the expression (Shaikh,
1999):

Y%over exposure = (757 x100)- 100  (9)

where W. S. is working schedule in h/day.
Equation (9) can be computed using a
working schedule, which is 8h/day.

3.3 Noise-level reduction and noise rating
The noise ratings are usually translated to
day-night average A-weighted sound level
Lgn, being a measure of noise exposure, using
the equation (USEPA, 1973)

L, = 10log3 (15x10%" + 9x10(“=*19") (10)
where Ly and L, are the energy-average
noise levels during the day-time (0700-2200)
and night time (2200-0700) periods,
respectively. The equivalent (mean) energy
level index (Leq) Which is widely used, has

been recommended by a subcommitiee of
the Noise Advisory Council (Rackl, 1975) as
an index worthy of careful consideration.
Hourly values of L., are usually calculated
from the cumulative noise data obtained
using the formula

L, =10log(feo ), £,104") (11)
i=1

In egn. (11), f; is the dB (A) sound level
corresponding to the mid-point of class. The
24-h average value of L. is also obtained by
averaging the relevant time periods. Mean
values of Ly, dB (A) over a period of 1h are
calculated for each class interval for road
traffic noise using the relation (Fields, 1995)

L, (1h) = 101og(g) + 331og(V + 40+ 500/ V)
+101og(1+ %) - 27.6dB( 4)

(12)

where ¢q is the number of vehicles per hour
during the recording time, p is the ratio of the
number of heavy vehicles {o the total number
of vehicles and V is the speed in km/h.

3.4 Acoustic power spectra of road traffic
noise

The model for a motor vehicle is that of a
monopole acoustic radiator exhibiting omni-
directional  characteristics  (Makarewicz,
1981). The A-weighted mean square
pressure of the source, when the distance
between the observer and the vehicle is a
few metres is given as

2 _ M
pz‘1-2/zr2

(13)

where pa is the pressure, p is the density of
air, ¢ is the speed of sound, pcthe specific
acoustic impedance of air (= 415 Rayls), W
the power spectrum of the source and r is the
distance between the source and receiver.
Equation (13) can be written as

pt= [BUHSdf (14)

where B(f) is the frequency-weighting
function, S(f) is the spectral density and f the
frequency.

Hence, the spectral density can be
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expressed as

S(f) =10 (15)

The frequency band contribution S (f,) and

the spectral density S (f) are related
according to the expression:
S(f)= S(N Af (16)

where f,is the band centre frequency and Af,
is the bandwidth. Using the equation (Diagle,
1984).

(17)

we can calculate the band pressure levels
L(f,) where p, is the standard reference

pressure = 2 x 10° Pa.
Hence,

S(f )= p; (10*/)
and

L(f,) = 1010g(S(/,)/ py*)

S =52, (19)
The resulting power spectrum from eqn. (15),
(18) and (19) is thus:

(10 U Y2 m?)

W)=

Makarewicz (1981) showed that power
spectrum for the frequency range 50Hz to
10Hz is largely a decreasing exponential
function, which can be described by the
equation:

(20)

2D

where u is a parameter that characterizes

the power spectrum. Thus, the A-weighted
frequency (dependent) power, N, of the
source (in a non-dissipative medium can be
determined, viz:

W(f) =Wy exp(-4f)

0

N, = [W(HB(f =228 (22)

where W(7) is given eqn.(20} and

B=B,fexp(-kf), 50</<10,000 Hz (23)
and B, and k are constants.

3.5 Some road traffic noise control
theories

The model assumed for a freely flowing traffic
is that of randomly distributed sources which
fluctuate in number and spatial distribution on
a line (Kurze, 1971) and which, as stated
earlier, is an omni directional noise source.
Suppose such a single omni directional
source of noise, S, and the observation point,
0, are close to the plane (x, y), such that
their height above the plane, Z; and Z,, are
substantially less than the distance between
them, Makarewicz (1979) showed that the
equation

I= (28)

can give a good approximation of the noise
intensity, /, assumed to be a decreasing
function due to a single vehicle. P in eqn.
(28) may depend on the speed of the source
and together with m (a positive integer)
characterize all possible phenomena which
accompany noise propagation (reflection
from the ground, air attenuation, scattering by
turbulence, etc.). Under the assumption that
during the interval, T, the point of
observation, O, is passed by N; sources of
the ith class, moving along the jth path at
constant speed, the average intensity of the
sound over time is (Fisk,1975 and
Makarewicz, 1976),

P
2"

o

<I>= @Y [1,0d < 1,>

i o

(29)

where /; is the passby intensity time history
and </,> is the time average intensity of the
background noise emitted by unidentified
sources. The rest of the formulation are
found in Makarewicz (1978 and 1982).

3.6  Objective and subjective
responses, complaints and noise
measures

Studies of responses to aircraft noise have
led to equations that relate the percent of
people who are highly annoyed by noise to
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the percent of people who actually complain
of the noise in some official manner
(Patterson and Connor, 1973). A typical
example is (Galloway, 1974):

% Highly annoyed = 2 x
(% complaining) + 20 (24)
Schultz (1978) on synthesis of social surveys
on noise annoyance has developed empirical
relationships between percent of respondents
who are highly annoyed and percent of
people who are complaining.

Robinson (1970a and 1970b) carried out a
number of subjective reaction tests and
showed that there is good correlation
between subjective ratings of vehicle noise
and a variety of noise units; and that where
good correlation has been obtained the unit
used has a simple empirical relationship of
the other units, such as

PNdB = dB(D) = dB(A)+ 13 (25)

where PNdB is the PN in dB.

Several studies (Griffiths and Langdon, 1968,
Hall and Taylor, 1977; Rylander and Dunt,
1991; and Tahara and Miyajima, 1998) have
only considered subjective aspects of noise
in relation to its levels as against the
relationship between the latter and
objectionable qualities, which have received
refatively less attention.

The total loudness Ly in sones for indoor
noise is determined from the formula

N
Ly= L, (I- F)+ F) L sones, (26)
j=t
where L, is the

numerically largest

N
loudness index in the data, and Z L, is the
J=1
sum of all the loudness indices over the band
(including j = m) and F is a bandwidth
correction factor usually given as 0.15 for 1-
octave bands of noise. Corresponding values
of the loudness level (LL in phones) are also
read from contours of equal loudness index.
Also the total noisiness Ny (in noys) for the
indoor noise can be calculated using the
expression:

(1- F)+ FiNj noys, (27)

j=1

N,=N

max.

where N,.. is the numerically largest

N
noisiness index in the data and ZN; is the
j=1
sum of all the noisiness indices over the band
(including j = m). F has the same meaning as
in eqn. (26). Corresponding values of the
perceived noisiness level (in PN dB) were
determined from contours of perceived noise
(in noys).

4 Acoustical Ensembles for Nigeria
It is now worthwhile to consider acoustics as
a whole in Nigeria. Acoustical ensembles for
Nigeria will be considered under the following
headings; viz: past, present and future.

4.1 Past

As stated in the introduction, the earliest
application of acoustics was its use in the
selection of good pots with cracks from a
group of newly fired pots. A tap at a newly
fired pot that has no crack gives a
characteristic tone that distinguishes it from
the one that contains cracks or flaws. There
existed gongs in the villages used to attract
the attention of villagers when
announcements are being made. Gongs are
still being used for such purposes. Local
musical instruments such as flutes, guitar,
xylophones which depend on sound for their
operation were also and are still in use.

4.2 Present

421 Anti noise laws, ordinances and
other governmental acoustical matters.
When it became very clear that noise is a
serious environmental pollutant of this age,
Nigeria tried to join some other countries of
the world in enacting noise laws and
ordinances. Lagos state in 1976 passed the
control of drumming adoptive by-law (1973).
The law stated that no person should beat a
drum without a permit which may be obtained
by paying a prescribed fee. In 1976, for the
first time in Nigeria and in treatise that could
aptly be described as lamentation for his
people, Menkiti (1976) drew the attention of
the public to the need to combat the menace
of noise. Since then, a lot have been said,
written and published about environmental
noise in Nigeria (Menkiti, 1979a, 1979b,
1979¢c, 1980, 1985a, 1985b; Onuu and
Menkiti, 1990; Onuu, 2000a, 2000b, 2000c,
and 2001)
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The emergence of a few series of latent
legislation against noise in some states of the
Federation was withessed between 1970 and
1980. The oid Bendel State Government
came up with a law prohibiting high sound
level of amplified music in certain areas. This
law did not, however, specify any limit. In
1979, a certain numbers of laws were passed
in the former Cross River State to control
noise pollution. These laws captioned peace,
good order and welfare adoptive by-laws
were aimed at protecting the public places of
worship, hospitals, offices and community
residents from noisy musical instrument and
systems such as loudspeaker, gramophone,
amplifier, drums, hawkers and touts. In 1985,
the old Rivers State enacted a noise control
edict. According to the edict: it is an offense
for any record seller to play his music to the
hearing of the general public; every musical
record seller shall provide ear muff for the
use of prospective record buyers when
playing his record; it is an offence for any
driver to toot the horn of his vehicle and for
anyone to willfully and wantonly shout or
blow any horn or sound and play any musical
instrument or sing or make any other loud
noise to the annoyance and disturbance of
the general public, it is an offence to mount a
loudspeaker or any other public address
system on a motor vehicle without the written
permission from the authority. Pflaying of
drum, gong, tom-tom or other similar
instrument between 8 o’clock in the evening
and 6 o'clock in the morning without approval
is prohibited.

Menkiti (1985b), in a critical appraisal of the
measures taken in Nigeria against the
menace of noise pollution had a number of
reservations against these laws and by-laws
as good as they are. For example, they were
not publicized. The consequence was that
people couid not obey them and did not even
report or complain that their rights were being
infringed upon since they were ignorant of
the existence of such laws. Some of the laws
were simply a means of raising money for the
governments concerned and had nothing to
do with environmental noise control. The anti
noise laws and ordinances were enacted
wrongly and in a hurry and so ended up
being impracticable. None of the laws
specified the sound pressure level that
constituted violation. The word noisiness
without a figure quantifying it is of no real
significance and makes no sense. The

questions that should be answered are who
determined the annoyance factor and how
was it determined? lLoose definitions and
primitive concepts were used for subjective
terms like loudness, noisiness, annoyance,
disturbance and nuisance and these really
made the law vague.

On Monday, April 26, 1982, the House of
Representatives Committee on Housing,
Community Development and Environment,
Federal Republic of Nigeria, in an
advertisement signed by one Emmanuel Igho
Ukrakpor for the Clerk of the House, called
for memoranda from the public on Noise
Pollution-Urban  Noise Control on the
Federation Environmental Bill, 1981. This, no
doubt, was a bold step by the House of
Representatives. In response to the
advertisement, Menkiti sent a memorandum
on May 12, 1982. The memorandum read in
part ...There is no doubt that noise needs to
be controlled, needs to be abated. While this
abatement is in part a technical problem
science alone cannot provide the answers.
Solutions to this problem carries price tags,
the balance is struck in the political arena.
Law making is the answer.... Yes, it is only at
the price of money that one can sleep in the
city.

While we commend the Senate of the
Federal Republic of Nigeria for its moves
towards the control and abatement of
environmental noise pollution, a menace that
cannot be controlled by physical means
alone and a nuisance whose damage risk is
imminent even before it is noticed, and in
seeking to maintain a healthy, decent and
clean environment, it is pertinent to state the
approach that is usually followed and which
has been followed all over the world. The
right approach to legislation against
environmental noise is that the Federal
Government has to set up Noise Advisory
Council. The Council will then set up Noise
Abatement Zones in which offending sources
of environmental noise can be readily
identified. Environmental noise survey and
measurements are then simultaneously
carried out throughout the zones (all over the
country) to identify offending sources, and
measure noise levels and their
characteristics before imposing meaningful
levels that should not be exceeded. So
before any meaningful legislation against
noise s embarked upon, we have to
accumulate empirical/scientific data of noise
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and analyze same. It is only when such
physical measures and attitudinal surveys
are conducted shall we be somewhere near
effective noise control. Really, environmental
noise control is a combined work of
scientists, lawmakers and, indeed, ali
stakeholders in the environment. Anti-noise
laws, ordinances and other governmental
acoustical matters that bother on noise
decreed from the desk will end in a fiasco
(Onuu, 2001). The anti-noise bill that was to
be signed into law by the immediate past
President of Nigeria, Chief Olusegun
Obasanjo, passed through first and, perhaps,
second readings in the Senate that wound up
with him. It is hoped that the present Senate
will complete the process so that the
President and Commander-in-Chief of the
Armed Forces of the Federal Republic of

g s e de
2 s e 4

Nigeria, Alhaji Umaru Musa Yar'adua, will
sign the bill into law.

4.2.2 Architectural acoustics

Menkiti and Etienam-Umoh (1994)
investigated the sound absorption properties
of two common acoustics materials (Fig. 1).
Menkiti and Onuu (1994) also conducted
vibration and noise pollution studies at a
microwave station and designed-out noise in
the University of Calabar Conference Centre
(Menkiti and Onuu,1994). Work on isolation
of vibration and structure-borne noise has
also been done (Onuu et al., 2000). Some of
the results of this investigation are shown in
Table 1. Some of the works in architectural
acoustics in Nigeria have resulted in the
characteristics of some available local
materials that could find application in
vibration and structure-borne noise isolation.

Fig. 1: Character istics of

two common acoustic materials

(Menkiti and Etiename-Umoh, 1994); (a) absorption coefficient
vs frequency for polyurethane foam for (Pritex)
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(b) Absorption coefficient vs frequency for acoustic plaster board
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(c) complex impedance vs frequency for polyurethane foam (pirex)
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Table 1a: Isolator Materials (Onuu et al., 2000)

Isolators Dimension No, of turns
(+0.01cm)

a. Metal Springs ~ Cylindrical compressing spring 1 =2.70,d=0.30,N=20  N=20
Conical compression spring L=400,d1=180,d2-050 N=3§
Tension spring L=9.0,d2.00 N=10

b. Rubber Polymerised rubber L=650,B=130,t=025 NA
Brittle (Elastoplast) rubber L=460,B=0851=065 NA
Normal {natural) rubber L=800,B=230,t=017 NA

¢. Cork Polymerized cork L=1630,d= 150 NA
Light paper cork L= 14.00,d=120 NA

d. Composite  Compressed asbeslos fibre L=1750,B=140t=070 NA
Material

¢ L is length, B, breadth; t, thickness; d, diameter (d;, base diameter and
dy, peak diameter), NA = not applicable

Nigerian Journal of Physics, 19(1), (2007)



The status of acoustics in Nigeria ... 149

Onuu.

Table 1h: Static deflection and natural frequency of some vibration and structure-borne noise isolatos

(Onuu ef al., 2000)

Isolators

Static deflection {mm)

Natural frequency {Hz)

Conical compression spring 26.00
Cylindrical compression spring .00
Polymerized rubber 3.00
Brittle rubber 270
Mormal rubber 1.59
Compressed asbestos fibre 0.26
Polymerized cork (composite pad)  0.25
033

Light paper cork

34
2
9.4
96
113
310
3aA
333

Table 1 ¢c: Summary of results (eqgn. (3) and Fig. 3{(c) at w/w, = 2 {(Onuu et al., 2000)

Danping fictor, D, Transnisbity, T Tsokation efficiency {1-T) » 1%

1) o i
ﬁ 0% L
08 x b .
8 02 3
iy a3 0
' 040 i
02 p
0 e p
08 13

4.2.3 Traffic noise

Studies of traffic noise in Nigeria have received
considerable attention. Aircraft noise
investigations were conducted by Menkiti and
Ajah (1993) and Onuu and Obisung (2005).
Those results are shown in Tables 2 and Fig. 2.
They show that noise levels of aircraft, and noise
and number indices of aircraft noise are highest

during landing and take-off (Tables 2a and 2b).
The percentage of respondents reporting that
they are very much bothered are aiso greatest for
all grouped values of NN/ (Table 2c). The
relationships between maximum number of
passengers and engine capacity of aircraft
(Fig.2a), and between maximum noise level of
aircraft and engine capacity (Fig.2b) are shown.

350

300
b4
§ 250
ay
vy
Ly
® 200
=]
—
X 180
[S
z
- 0o
2 ;
S
50 y= 2E213%+ FE-182¢ - 1E-102* « 1BOSYS-0.58472%+ 146882 -2 508
R =0.7725
0
500 00 52000 5 4000 0 SB0 00 550 0k B0 00 0 & 2000 400U

Engne capacity [Horse power)
Fig. 2a: Max. number of passengers versus engine capacity of aircraft (Onuu and Obisung,
2005)
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Fig. 2b: Max. noise level of aircraft versus engine capacity (Onuu and Obisung, 2005)

Little attention is paid to the parameters of
the aircraft that cause the higher noise levels.
Council Directive 89/629/EEC (1989) has
expressed the need to further reduce
aeroplane noise by taking into account

technical feasibility among others. This
Directive applies to aeroplanes with a take-off
mass greater than 34,000 kg and a capacity
of more than 19 seats.

Table 2a; Noise levels of aircraft in some Nigerian Airports during
landing and take-off (Menkiti and Ajah, 1993)

AIRPORT
TYPE

Aukard B
| BX2
| Tagas Yar
yEr
Enuga (ra
]
Porr Hxreourt T2y
TET
Calatay Ty
] 737

| T47

K1.500
BO.00
Az.50 %
TEAG) 84,00
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Table 2b: Noise and number index (NN!) of aircraft of aircraft during
operation (Menkiti and Ajah, 1993).

Airports

Noise and Number Index

Landing

Take-off

Total (approx) |

230
2850
U4
21,08
26.79

Makurdi
Lagos

Enugu
PortHarcourt
Calabar

75.00
80.00
59.00
56,00
§1.00

52.58
51U
3418
308
5148

Table 2¢: NNI = bother relation (Menkiti and Ajah, 1993)

NN1 [ 2230 30-40 40-50 50-66
ANAS Scale [ Percentage
Very much bothered | 40 | 49 62 72|
Moderately bothered | 35 | 33 26 18
| Alitlebothered | 18 | 12 |09 | o7

There is a project involving jet engines in
order to reduce noise at take-off (Dowling,
2004). This project involves developing a
computer model capable of predicting jet
noise, improving understanding of noise
source mechanisms, and identifying these
mechanisms. This silent aircraft initiative
(SAl), as it is called, is aimed to have impact
on the aerospace industry, and people living
near airports by developing designs and

(14

E“
g H
g
ol -
Ell- g
il 4

| & & )

) L .

| I

operational procedures for a radically type of
aircraft. This will be a right step in the right
direction in the war against noise, major
aviation issue that will become even more
pressing in future, with a 300% increase in air
traffic forecast by 2020(Dowling, 2004). It has
been concluded that the models developed in
Nigeria will be useful to aircraft engineers
and designer in the quest to design-out noise
(Onuu and Obisung, 2005).
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Fig. 3: Road traffic spectrum for Aba (Onuu and Menkiti, 1993)
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Fig. 5a: Plot of probability distribution function of road traffic in South-Eastern Nigeria
{Onuu, 1999b)
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Fig. 5b: Plot of cumulative distribution of road traffic in South-Eastern Nigeria. (Onuu, 1999b)
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Fig. 6: L1o and its relation to the number to the number of vehicles per hour (VPH) ---®, calculated level
using equation (3) xxxxx, measured values; -------, mean values of measured results (Onuu, 2000b)
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Fig. 7: Feeling about road traffic noise;

2%, very annoyed;

L {%, little annoyed:; D%, moderately annoyed. 06 —

OWERRI, 01 - ABA, 08- UYO, 07 — PORT HARCOURT, 03 — ENUGU, 04-IKOT ~EKPENE, 05 — ONITSHA, 02 —
CALABAR. (Onuu, 2000)

Researches on road traffic noise have also
been conducted in Nigeria (Onuu and
Menkiti, 1993,1996,1997; and Onuu, 1999
and 2000). Figures 3-7 and Tables 3-6 show
some of the results obtained in the road
traffic noise investigation. From these
investigations it was concluded that: road
traffic noise is a major environmental problem
in South Eastern Nigeria, and noise levels
are higher than those measured in cities in
well planned and developed countries; road
traffic noise has components that are
predominantly in the low frequency

spectrum (mainly between 500 and 800 Hz)
most probably because of the use of fow

gears in most areas since most of the roads
are built on hills; and the spectral acoustic
energy distribution could be used to
determine the character of a city or the
degree of urbanization.

The spectra are within the range of other
work (Lewis, 1973) as well as the
investigation carried out in Jeddah (El-
sharkawy and Aboukhashaba, 1983) and
Amman in Jordan, and London (Hammad
and Abdelazeez, 1987). Thus, road traffic
noise spectrum in South Eastern Nigeria is
similar to those of Jeddah, Amman in Jordan,
and London.
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Table 3a: Results of acoustic power spectral analysis (Onuu and Menkiti, 1997)

Moise Pasmoiers
Town/Sie* Power Speed Frogueiy Comclation
Apectrem Paencter | Weighted Coellicient
W WY Km(Hz " N W) K
Al (01) ] |
sy 9« 10 20 45 A3 8T
S0 L84 x 10 sk 10’ 12 R34
Calabhar (82)
Ly 08 x W+ 4. Shx 1 .24 RS
S04 0 G606 % 10" To8x i A3 832
Enugu (03
S0 EX 13.19 5 W LR i 30 A TERS
S0 F .04 5 GO x i 077 AL TRAR
Tkt Ekpenc{id)
SHLY VRN 4 Rox 0 s 34324
S22 ER AT 1N X M 1 N LY REES L
Onitsioa
5082 1N SO0y Y F.30a00 L 1) AR ewasd
LR AR K 7% 10 LT [ 13453 A KETT
erri
RIES RO x K 6. 10 1 45 AR I9S
] 5062 TRE % W LMK | o  DURYR
S o6l 3« VR A 3170 43R4
Fort Hurcourtitt? ;
SONF 20088 W F TRIaHE b Ap441H
SOy B4 x Wt [F1 T30 B0AT e
Uwao (9¢) '
S 1550« L FAki i £ kY A RS
SIME Yty W fadn 156 A1 R

*F.C. and FAC indicate sites having free. How congested and fee flow/congested road traffic
conditions

Table 3b: Results of acoustic power spectral analysis (Onuu and Menkiti, 1997)*

Parnneier Regrossion Fauetion Comekuion
Cocligim, K,

Sumtioy Spectron, Wiy | W= 2005 107 eapl-BOOLHE | 00%
Spectral Widih, 211) 2= TEY S P gl DDONID | 080
Loswer bl specirum, W | Wi e 184 10 expl-0aniosn | 08124
Uipper bound spectrmn. WINIG | % 10 = S 30 WP exp0.009860 | 05342

1w regrisdons ane sitowsd within e (regoey singe ST 10,0001,
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Table 4a: Noise levels and noise parameters for the sites (d =8m) (Onuu, 1999a)

No.Oflight | Wo OfHeavy | Equivalent huna Bachgreund
Vehkcles (M) | Veliha (N | NobseLovel L Nalse Level Values L
Mexiored Theareiiout
Values (Equ. 11}
e Lie Bk Y Tas
4592 T4 Y Ty 14
16568 JERR LEE] ™A LER
752 YHid L B! 4. FL!
St Sy in Wl WA
10848, 3N 580 M 710
T %4 54 T80 X0
15854 4200 L2 T4 phgl
p.1 1) Rl 0% WA L
1832 4D0% S48 Bl M2
TOER AF24 4 Gl THH
a5 ; | 24% S LA ‘ aH i
10944 | D6 5hE MnE | W
1EI68 #5583 544 Y ! T
78 ‘ 6] ¥ 5h2 814 W
13304 | a4 5.8 T Ti4
14664 ] 3504 L1 k. 714
#i92 4112 B 655 Ty
13440 I b1 § a4 T
25970 EARA L1 % WX Tiy

Table 4b: Equivalent noise level Leq. caicated using Makarewicz’s formula (equation (11) for

Leo®® — 50 to 70 Db(A) (Onuu, 1999a)
Na. Of Light N, OF Vewvy Equivalent Nalwe
Vehlde (X } Velikles (N) Leveldl, |

BT ™ 2
10 bl ol h
YND ity e
4000 BLLY §14
5000 1400 BL.6
{00 3000 94
il 400 ol
000 5000 6
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Table 6: Vehicle composition and volume (Onuu, 1999b)
Volume of wvehicle per hour (%)
Sitw code Heavies Buses Cara Moto - Total
eywlen
& on 96 {17.8) | A6{6.7} 324 (60.4) B4 (15.6) 540
8 012 433{11.6) IL6 (8.4} 2841(76.0) 150 (4.0} 3,738
5 013 24(1.1) 3041.4) 1353 {63.0} T4 {34.5) 2,154
5 014 512 (14%.5) 451012, 8) 1824 (51.8} TI320.8) 3,520
5 015 325{10.5} 333 {1063 207165 .9} 410{13.0) 3,142
5 021 75{6.2) 294 {24 1} 663(54.4) 188 (15.3) i,218
& D22 94 (4.1} ITB(18.7} 944 {41.%} T20(35.58) 2,026
g 023 64 (6.3} B.0010, 00 2612540 582(648.3) B57
& 024 32 (2.3} 24{1.3} B04{42.13) 1620154, %) 1, B80
g 028 30{1.3} 270 (L. &) 1159 (48.7) 918(38.6) 2,378
5 D26 54 (2.5} 16817.7} 780(35.6) 1176 (54.0) 2,178
& 027 48{2.6} 198 (10.5} 666 135.4) 572 1{51.6) 1,882
& 031 19{2.1) 435 (22,9} 1356 (7}.5) BE6(3.85) 1,898
& 632 114 {14.3} 120(15.0) 5521(69%.3) 12(1.58) 798
§ 033 39{1.9} 162110.5) 1188(75.1} 199 (12.6) 1,542
§ 034 &{0.007) 126 {14.3) 8T86.9) 72{8.2) 1: 1)
8 03% 137{4,1} 261107.8) 2601 (77 .8} &21(18.6) 3,345
% 036 311{10,8} 224 (7.8} 1582(6%.0} 356 (12.4) 2,872
8 041 108{13.5}) 240%.1) 468 {60, 0} 186123.1) 785
B D42, 96 {17.4) 1213.2} 252145.7) 194 134,810 552
5 043 294 {11.8} 287{11.5} 1300(52.9) 592 {23.7) 2,493
8§ 681 162 {11.4} 3391(23. 8} 7291(5%.3}) 192413.58) 1,422
& 082 LOB (5.3} . 450¢122.2) 1248(61.5) 222(10.9) 2,028
5 DS3 216 {14.2) 312 {20.1) #82(56.0) 112 07.3) 1,881
5 054 542(17.1} 571(38.1) 1823 (57.7) 228 (7.1} 3,162
8 053 361013, 8) 02121 .3} 1644 (58,3} 233 (7.86) 2,820
8 061 541{3.3) | 1028, 3} 1182 (72.6) aa0i18.9) 1,608
8 0862 60{4.4) 241¢1.8} 996 (3.1} 282(20.7) 1,382
8 063 B4 (4.8} 174 049.6) 1368 (75.5} 186 {10.3) 3,812
& D84 326{15.0) 243{11.2} 1421 (68.3) 186 (8.5) 2,176
8§ 0&S 376(19,.9}) 356 (30, 9} gseisr.2) 151(8.0} 1, 8598
& 071 354 (B.5) 456110 9} 32401(77.6) 126 (3.0} 4,176
5 072 102{6.8) 444 {39.6) 840 (58.0) 841(5.8) 1,500
8 073 102 (15.1) HO{8.9) 480{71.4) 30{4.5) 673
5 074 4687 (15.1} BELILY .5} 1663 (53.8) 4191{13.86} 3,090
$ o8 2581 {%.2} 197472 1833 {67.4) 432(35.8) 2,718
5 0BL 12(6.4) 48 (86 .5} 360148.9) 316 {42.9) T34
.5 oB2 60 16,4} 606 4} 384 (41, 0) 432146.2) 939
B 084 243(9.8) | 273(19.9) 1024 {41.0) 960 {38.4] 2,498
3 084 301(9.4) 361(11.2} 1530 (47.6) 1024 (31.8) 3,216

4.2.4 Community/indoor noise

Quite a number of investigations on
community noise have been conducted in
Nigeria. Some of them are those of Menkiti
(1979b,1985a) Abumere et al, (1999),
Asuquo et al., (2001), and Onuu and Inyang
(2004). Outdoor day-night levels, L4, were
calculated in the University of Calabar. Noise
levels in the University of Calabar at different

locations are shown in Table 7. These varied
from minimum of 71.9 to a maximum of
81.7dB(A). A new set of empirical
relationships between sound pressure levels
and objectionable qualities of sound are
shown in Table 8. A minimum indoor, L. |
for quite period of 43.0 and a maximum of
48.0 dB(A) were measured (Table 8).Table 8
also shows minimum and maximum out-door
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values of L. for noisy (peak) period of 63.5
and 84.0dB (A) respectively. Ly in churches
were found to be as high as 100 dB (A)
sometimes. The results of the acoustical and
social surveys have led to the conclusion that
although environmental noise poses a
serious threat and bodes ill to Nigerian

Universities, noise levels inside class room
are lower than those measured in the new
industrialized countries and  sentence
intelligibility is still as low as 45% in most
Jocations within which sentence intelligibility
will not be negatively affected in class rooms

(McNulty, 1987).

Table 7: Maximum noise levels at various locations in the University of Calabar (Onuu and

Inyang, 2004)

L. Tt Quist . for g
$NoJ Location pesiod cc?sgm) | ;en;gr{g;;};)
Indoor | Ouldoed  indner | Ouidoor

) Physies Lab 1 0 6D 2 FE
2 Chernisiry Lah, ¥ 440 B0 fidh 68.0
3 | Geologylap 3 435 437 GAD 6.0
4 Biological Sciences (Room 202 435 438 884 758
& Rew Stienze Loctwe {HS1T) 1 455 48.0 G55 by,
& N3LT 2 SB[ 475 560 750
7 Heww Librasy (L H{Rowm 201 4.5 480 8.0 755
& KL {Rouwn 2024 43.% 44,0 D 5.0
& Law Leeturg Rooen 46.5 48 4 FiR]
10 | Puysiclagyleh an ag | me | e
11 Fawlty of Ars Leclure Complax 450 46.5 640 gas
12 New At Thesire (NATS 438 472 ] 50
3§ Lecive Room 202, Main Camipus 455 485 gro 150
4 CBA Luctore Mgt 435 .0 140 380
U5 | Thewre Ans Display Hat, Mabt Campus | 435 FERS £1.5 £33
18 | ETF Lettore Compiax 436 &0 LT3 86.0
L 7| Computer Cenire, open spacs 485 840

" A sndoor measurements were made with windows open,

Table 8: Parameter estimates of regression lines* (Onuu, 1999)

ﬂlnﬁt;timat qualities rgg;ema! on by by Corrclation
SPL (dB{AY and log SPL (4B(AY ' coefficient, ¢ |
PNL {BAY 4,58 1.22 09118 ey
Log N** ~5.71 1.87 0.9950  qun
Log N*2, ~4.94 328 0.9926  on
Li* 24,94 0.52 0.9958 (ol
Log L** ~3.64 2.5 0,948 o
LogL'%,, =373 2.58 Lﬂ.%&;’s HEY

Fiuataon estimatid 1 y = bys + by, where y % & panicalat hjoctionable quality, x = SPL (B(AR

{Bor+) of log SPL (B{AY) (for+ +) being regressed oe,
“Ruibsers in parentbieses are standand crones of panivsr G,
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Results of indoor noise studies by Onuu set of empirical relationships between sound
_(1999) have led to the spectral plots of typical pressure levels and objectionable qualities of
indoor noises and the development of new noise (Figs.8-10).
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Onuu et al. (1996) on spectral analysis of
industrial noise in Calabar, Nigeia. Others
include those of Onuu (2002), Akpan et al.
This started with the work of Menkiti (1994) (2003), Akpan and Onuu (2004), Onuu and
who conducted noise studies an oil drilling Tawo (2005), Onuu and Akpan, {(2006) and
environmental. Following was the work of Olaminiokuma et al. (2007).

4.2.5 Industrial and occupational noise
industrial and occupational noise is another
favoured area of research in this country.
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Fig. 11(a — c). Noise spectrum for Crush Rock Company, Akamkpa Cross River State. Peacock
Paints Ltd. Etinan, Akwa lbom State and Bertola Machine Tools Ltd. Port Harcourt,
Rivers State, respectively (Akpan and Onuu, 2004).

Fig. 11(d-f): Temporal pattern of noise for Crush Rock company, Akamkpa. Cross River State
Peacock Paints Ltd, Etinan, Akwa Ibom State and Bertola Machine Tools, Ltd Port-Harcourt,
Rivers State respectively (Akpan and Onuu, 2004).
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Fig. 12¢c: Effect of noise on quarry staff and community residents (Onuu and Tawo, 2005)
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problem for many workers as the levels are well
above permissible noise expaosure limits for the
country, Industrial workers should be provided
with ear protection devices and should be paid
compensation by employers, among others.

Some of the results obtained in these
investigations are shown (Figs.11-13 and
Tables 9-13). From these results, the following
conclusions were made: industrial/occupational
noise in South — Eastern Nigeria is a significant

Table 9: Industries in south-eastern Nigeria included in Industrial noise survey (Onuu and Akpan, 2006)

S/No Industry

Activity

A. Cross River State
1 Sumbag Company, Old Netim, Akamokpa Road constraction
2. Crushed Rock Company, Old Netior, Akamkpa Stone tresking
o N Hidech Company, Okd Netim, Akamkpa Stone breaking
4. Pamnol (Nig.y Lad, Calabax ' Rubber praduction
5. Pamol, Plastic Division, Calubay Plastic production
6. System Metal Company, Catabar Roofing sheots prodoction

7. Mechanical Workshop, University of Calabar Cutting, fitting and wekling

8. Bao Yoa Huan Jian Iron/Steel Co. Calabar fron and steel producton
9. Kevin Wood Industry, Calabar Wood processing
10. Ayos Wood Lot') Compsny, Calabar Wookt Processing
1l.  Laroa Gold indusiry, Calabar Textile production
12. Niger Mills Company, Calabar Flour production

B. Akwa [bom State .
13. AK- RUWATSAN, Uyo Bore-hole deilling
14. Plasto-Crowan (Nig ) 1ad., Uyo . Plastic making
15. Apgrofeed Mills (Nig.) Lud., Uyo Animal fowd production
16. Peocock Paints Licl., Btinao Paint production
17. Uso Metal Coostruction Co., tkot-Ekpene Metalwork and weldiog
18. Samcolee Construction Co., Ikot-Ekpuoos . Metahwork aod weldiog
19. fbok Coustraction Co., Ikot- Ekpeae Metatwork amd weldiog

C. Rivers State
20. Saig (Nig.) Lad., Trans-Amadi, Poet Harcoury Machine tool maoufactaring
2k, ACM (Nig.) Lk Trans-Amadi, Pon Huarcoust Machine ool manufactucdng
22. Benota Machioe Tools (Nig.), Poat Harcourt Machive tool manufscturing
23. Galloa (Nig.) Tad., Traus-Amadi, Fost Harcourt Muachine 100} manvfacturing
24.  Eastem Bulkcewm Cement, Post Harcourt Cement priciuction
25. Crusbed Rock Cowapany 1ad., Post Harcourt Stone bresking
26. Zenith Plastic Company Ltd,, Poxt Harcourt © Plastic making
27. Poxt Harcoun Flour Mills, Por-Harcourt Elour production.

Table 10: Permissible noise exposure time per day allowed under the limit 90 dB(9A) (Shaikh, 1999)
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Table 11: Occupational noise levels in south-eastern Nigeria, working schedule, permissible

exposure time and percentage of over exposure per day (Onuu and Akpan, 2006)

Workdug  rxposure  “Peemitted  Percentage of
A-Weiphted  schodiele  thae (h/day)  doratin pyroriplsare
SN Industry SPLABA)Y  (Biwerk) hr s Rec. {hrs) prer sy
A. Cross River State
t. Sirabag Compasty 126 P ] 0 03 0 1} (11} S>3V
2. Crushed Rock Company e W60 0 00 0 () »3TTYR
3. Hhi+ech Company 9 Hy-0A) LUV VR Y ¢ 0y R EYL
4. " Pamol (Mig.) Lo 123 ) GoNG 0 0y >3¥VOH
5, Pamol Plastic Division 13 40 o or R Lt [5) HIHIR
6. System Metal Company 12 A0 0o 49 21 50 LERAES
7. ‘Wishop, University of Calabar 102 40 0 3 0 1(3) 1508
8.  Bao Yoo Huan Jian 1kl 45-60 O 93 A4S Kyuind £) 1THK)
TronSteet Co. .
5. Kevin Wood ixlusiry, o2 -6 0 30 W Panind 3y 1500
10, Ayos Wood InCt Company 10 A0 0 42 w7 Y
1. Lama Gold Industry 105 W60 0 0 15 00 un k3]
12, Niger Mills Company 129 I-60 003 0 MUy =FATes
B. Akwa Ibom State
13.  AK-RUWATSAN ki 60 L I 13 B Brnin 3} 33798
1. Plasto-Crown [Nig.) Lad G 40 no0s 38 ISy B2
15, Agmolesd Mills (Nig Lx (1X1 an 0 22 M 215) A3
16.  Peacock Pains Lid 109 4 Q05 38 1{ES) 8421
17, Use Motal Construction Co. 0} MY G 37 W Sheeing b} yi80
8. Samcolee Construction 11 an 0 18 a8 15anin{ 1} I
Company
19,  fok Constrsction Company 134 £ 4] 0 01 5% 30min{ 15} 25378
C. Rivers Stute
W, Snig (Mg Lad., Wi A G 37 30 3wl HERO
Trons-Amadi
M. ACM (Nig.y Lad: 114 A0 0 81 53 Mhsie(i3) TRITR
Trans-Amaci
22.  Bertola Maching Tools 12 40 0 0% 49 H=i50) 16941
23, Galloalad, 110 40 0 8 42 USwmind 3} 10113
24,  Tastera Balkoen Cement 31 H) & 05 3% g8y »33TOR
Company
5. Crudiod Rock Company Lad. 113 40 0 w25 Zuwsbor(3) FITIR
26 Zealh Plastic Company Lid. 107 Al 0 0 23 3Dmind3) S(H13
27, Post Tscount Flour Mills 17 A g0 o Wiy >33798
WNunibers in parentiesces indicate the number of noise intcrval exposuares per B-h workeay
Table 12: Summary of resuits (Onuu and Akpan, 2006)
(a): Summary of occupational noise levels in South-Eastern Nigeria.
Background moise  A-weighled wand Deafening
3??“ | | leyel t_ﬁdﬂ(é\)) level (45dR(A)) Lo, (B5ABIAN Bevel (45dD1(A)
Fhoo. g . % a . "
Cross River 425610 0L - 190 183100 K15 -4
Alwa fhon 4£55-640 1010- 130 10KD- 1193 RS- 1005
Rivers 435-645 0051210 140103 8601125
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(b): Age distribution of workers in South-Eastern Nigeria

Age distribution (years)
State - J-8 4-50 51-60 »60
Croms River 68 14 15 ] I
Akwa bom 45 5% W 2 8

Riveny % 179 3% 3 ]

(c): Percentage response of workers to social survey

Perceniage response
Questionnnire " Total percentuge
Siate Admiskiored  Total respense response
Crosg River o m 114
Akws [bom 133 126 813
Rivers F153 M R26

(d): Summary of hourly exposure of workers

Exposure {bry)
State 3.5 &8 % S
Cross River 4 160 56 ]
Akwa fbom i 2 i1 it
Rivers 2 b ia ] f ]
(e): Summary of effects of occupational noise
Effects ol aceupstionnl noise
Yerlating Drisruplion ty
State Anpoysnce  Headsche Dizgness of theensr Anxlefy Conversatln Steeplesiorss
Cross River 6 4 b 1 I2 il 3
Akwn Thesm 8 62 £ i? £ 3 k:

Rivery 1 125 4 5 i 30 ]

(f): Workers’ opinion on who should control industrial noise

o Warkers opinion
State The industry ‘Government  Workers (;‘.mnm\mviiy
Cross Bhver . 14% 32 26 1S
Akwa Thom 9% 4 0 ¥
Rivers 220 6 v . {
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Table 13: Noise levels at various locations in the quarries and environ

(Onuu and Tawo, 2005)

Location Noise levels (dB(A)

* Generator house 960 990
* First crasher stage 2.0 985
Mlain pate 0.0~ 890
Office (inzide) 690~ 85.0
Office {(ouiside) 74.0 -~ 88.0
Nuarest community house 508 — 68.0
(ol fagade)

Primary School S3.0-70.2
Administrattve managers” S04 ~ 56.5

affices
Projeet managers” oftices

YDalling blasting paint

512 - 690
1074 ~ 109.6

* Measuremenis were tade 2 1u0tres (rom noss source.

4.2.6 Atmospheric and jungle acoustics

-flects  of atmospheric attenuation and
shielding on road traffic noise along Nigerian
highways have been investigated by Onuu
(2003). Measurements and prediction of
sound  pressure  band levels  using
pressure/distance inverse law, and the UK
calculation of road traffic noise (CRTN),
1998, for four (4) sites which included:
horizontally separated carriageways,
clovated road on grass banks, roads with
purpose-built noise barriers and a curved
road to which a two segment approximation

was applied have been conducted. It was
found that: the acoustic energy (for the mixed
sources) is at its peak at 32-63 Hz and then
decreases at the rate of 5-12 dB per decade
above 2 kHz; the dominant low frequency
energy observed in the spectra could result
from wide-range use of low gears by
motorists and Karman vortex sound due to
the interaction of wind and stationary objects
near the ground such as trees and buildings;
prediction and accuracy appears to be betler
for quite periods than for noisy ones.

lable 14a: Summary of excess noise attenuation by grass and trees (forest) at various octave band
centre frequencies and distances (Onuu and Obisung, 2005)

Dustance, | Octave band | Excess noise attenuation, | Distincé,d | Octave | Excess noise |
d{m} ceatre AL (dB) {m} band attents- }
Frequency,/, centre tion AL{dH
{kH2) Grass Teees Frequency; Grass | Trees
AL, {Forest} F i 3] AL, | (ovesty
50 I 290 1.0 158 1 LR 38
2 2.5 1.3 2 i3 4.5
4 3.0 1.5 4 12.5 &0
& 3.8 2.5 & 14.8 T3
16 4.3 kR 14 17.0 4.5
100 i 5.5 23 200 ! 1.3 .5 540
2 6.0 10 2 143 &3
4 8.3 38 4 164 7.8
8 10.0 48 § | 198 |80
16 103 5.8 6 220 1423

Nigerian Journal of Physics, 19(1), (2007)



The status of acoustics in Nigeria ...

168

Onuuy.

Table 14b: Summary of empirical relationships between excess noise attenuation by grass
and trees (forest) and octave band centre frequencies at various distance
(Onuu and Obisung, 2005)
Regression Datance from Hegression Correle-
pRrRmeters SOUNSE, cueflicient tion coefti- Hedationship
1.5 I, S slent, ¥

ALJL My Sy
50 49244 | 0.9825 | 0.9976 Lp 08825 lnf, 10284
100 S1E342 | 18959 | .99 g~ LBSSY Inf. 72342
t50 {-11.858 | 2008 | o.9o0us LE=29288 Inf 11.58
200 -15291 | 38771 | o.m9e0 Eg»3RT7Ing, 1529

Al Aog . 1 B by !
50 -3.9484 22687 1 09976 L w2 68T log 113 9481
10 SLAGET | 43776 | 0.90ET Lap =4 3776 hog /,T6RT
150 ~11612 | 67612 | 0.9998 Lo =6.7612 log i1 1613

{ 200 215362 | 89523 | 09909 Lg =B.9523 log fi-15.362

,&{”{'fc - s jﬁ o - -
50 01372 (03224 | 09962 Lot 01372 £50
1] 0254 0.333 | 0.9985 L, wih 284 038
150 03615 | 03349 | 05975 L =0.3619 00
208 505 0334 | 09984 Ly =0, 505 £

Logal Logle ' % K

50 i -0.8485 03186 | 0.9%6G Log Ly G186 dog £-0. 8485
100 6075 [ 0337 | 09984 Log Los 0337 logf, -0.6075
150 {04672 | 03434 | 0.9968 Log L~ 0.3434 fog £ -0.4672
200 «0,2836 03313 | 09945 tog Li=03313 log/ -028%8

Table 15: Annoyance level of noise spectra for the entire gas plant (Olaminiokuma et. al, 2007)

ZONES 1 2 4 5 T 6 7
Office | Trains | Process | Hot oil Pig LPG Deluge
and area area area | Launcher/Receiver | Storage | equipment,
water and Slug Catcher area Custody
utility area meter area
area
MEASURE OF
ANNOYANCE
SPL (Max. - Min) in
the range[1 — 4 53 12.7 11.7 5.0 3.8 2.9 7.3
Hz](dB} J
On jungle acoustics, sound propagation of  application in environmental noise control.

grass (Onuu, 2000c) and modelling of excess
noise attenuation by grass and trees (forest)
(Onuu, 2006) have been investigated. It was
shown that the grass, panicum maximum
acts as a high pass filter of sound waves
propagating over it; the observed excess
attenuation at low and mid-frequencies is due
to absorption by the grass rather than
absorption by air and scattering and that
panicum maximum can find possible

Excess noise attenuation by grass, AL, and

trees, AL, were regressed on the octave

band centre frequency, f, in order to
establish the empirical relationships between
them at various distances, d, from the noise
source. Some conclusions deduced from the
work on jungle acoustics are. grass
introduces excess noise attenuation about
twice that of forest at all frequencies; grass
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and trees are considered a fairly good noise
barrier and so could be used for noise control
especially at frequencies between 1,000 and
4000 Hz where the normal human ear is very
sensitive; excess noise attenuation rate by
grass and tress are characterized by three
distinct parts namely, rapid decrease, gradual
decrease and constant decrease at octave

band centre frequencies of 31.5-8, 000 Hz,
8,000-16,000 Hz and above 16,000 Hz,
respectively; the best models for excess
noise attenuation and octave band centre
frequency is logarithmic for grass while
power law is the most appropriate for the
family of curves for excess noise attenuation
by trees or forest.

Layg distance
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¥

b
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&
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45 .
{53 = SPL ve. distance phn
{b} = SPL vz distance {Log-Jog plot)
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Eristanee, X ()

Fig. 14: Plot of sound pressure level against distance from source at the open area;
(a) SPL vs. distance plot, (b) Log- log plot (Onuu, 2000d).

4.3 Future

From the foregoing, it is clear that the future
of acoustics in Nigeria is bright. Awareness
of the effects of environmental noise pollution
and complaint against noise will increase.
Legal actions against noise makers as more
people will be aware that it is their right to
quiet and good living will also be on the
increase. Many more people are expected to
complain about poor sound quality of the
churches, studios and halls used for speech
making in Nigeria as reverberant sound fields
persist.

Railway noise is an aspect of traffic noise
that has attracted little or no attention in
Nigeria. This is not surprising as
transportation by rail is on the decline and
near extinction in this country. Despite this,
interest has been shown here and there
especially in those cities where railway
terminal still exists in the country.

Research on under-water acoustics is
expected to receive considerable attenuation

in future. Acoustic mapping of ocean
(seafloor) for environmental, research, oil and
gas exploration, marine and coastal resource
management, fishing and other economic
interest will likely attract more attention.
Sonar systems are tunable, i.e. they operate
at different frequencies. Because of this
interesting feature of acoustic systems, the
travel time of the acoustic pulse and the
strength of the return signals are used to
measure the depth to the seafloor
(bathymetry), depth to sub-surface sediment
layers (sub-bottom), and the reflectance of
the seafloor (intensity of backscattered
energy). The collaborative work between the
Department of Physics, University of Calabar,
Calabar, Cross River State and the Institute
of Oceanography of the same University is
likely going to focus more in acoustics
especially as some of the students of
physical oceanography graduate, proceed for
further studies and take up appointments in
Universities and Research Institutes in
Nigeria. '
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Fig. 15: Some results on sound propagation over grass (Onuu, 2000d)
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Fig. 17a: Excess noise attenuatibn by trees (forest) at various octave band centre frequencies
and distances (Onuu, 2006)
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Fig. 17b: Excess noise attenuation by trees (forest) at various octave band centre frequencies
and distances: (Onuu, 2006)
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Generally, as awareness of the physics of
acoustics continues, through its introduction

as a course or programme in -Nigerian

Universities and campaign against noise
poliution by environmental and occupational
noise pollution experts with the cooperation
of the press and other stakeholder, research
in all aspects of acoustics is likely going to
increase in Nigeria.

Finally, there will be the birth of Acoustical
Society of Nigeria, (ASN) that will regulate
acoustical practice in the country.

5. Conclusion

In attempt to x-ray the status of acoustics in
Nigeria, many researchers of various
nationalities in acoustical physics have been
highlighted. This is followed by a theoretical
framework or foundation upon which the
results obtained by our Nigerian investigators
are based. The efforts of the Federal and
State Governments in Nigeria and the Press
and some Nigerians in the formulation of anti-
noise laws, ordinances and other
governmental acoustical matters that bother
on noise have been discussed. Some
research findings in acoustics in this country
have been presented; and the future of
acoustics in Nigeria discussed.
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