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Abstract

The increase in industrial activities and vehicular movement along the north-
ern industrial area of Windhoek has vastly increased the amount of traffic
noise and other noise pollution in the area. Noise pollution has an adverse
health effect to human population, when exposed for a long period. Residence
in proximate communities along the north industrial area and those working
in the various industries located in the area may be affected, when the noise
pollution level exceed the permissible standard for human exposure. A sound
level meter was used to measure the amount of noise pollution at the streets
of the northern industrial area. The measurements were done during the day-
time, at a time interval of 2 hours, from 08:00 am - 06:00 pm. The amount of
noise pollution obtained from the study ranges from (64 - 72) dB (A), with a
maximum of 72 dB (A) in Bonsmara Street, (67.4 - 75.3) dB (A), with a
maximum of 75.3 dB (A) in New Castle Street, (60.5 - 81.0) dB (A), with a
maximum of 72.3 dB (A) in Braham Street. (62.5 - 72.3) dB (A), with a max-
imum of 82.3 dB (A) in Hosea Kutako Street, (66.0 - 82.3) dB (A), with a
maximum of 76.8 dB (A) in Simmentaler Street and (65.1 - 76.8) dB (A), with
a maximum of 76.8 dB (A) in Dortmund Street. The variation of noise level
index Ly, Ly, Lgy and L., Noise Climate (NC) and Traffic Noise index (TNI)
were calculated. The maximum noise pollution values obtained from the
study were higher than the WHO recommended limit of 70 dB (A).
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1. Introduction

Noise pollution is one of the major sources of environmental pollution that can

adversely affect the health system of human population. The source of most ur-
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ban noise pollution is mainly caused by human activities, such as the routine use
of maintenance equipment, machines and transportation systems, motor ve-
hicles, aircraft, and train [1]. Most of these human activities are carried out
around the north industrial area of Windhoek. Noise pollutions are those un-
wanted, uncontrollable and unpredictable sound that produces a displeasing ef-
fect, which interferes with human communication, comfort and health [2]. In-
dustrial areas are been known to contribute to these unpredictable sound levels.
Noise pollution results when the loudness of the sound becomes irritating or
unbearable. The northern industrial area of Windhoek Namibia is congested
with several industrial activities. These activities sometimes generate severe
noise to the environment to levels which can pose threat to human health. Some
observed sources of noise pollution in the study areas include activities such as
the movement of goods, vehicles, the operation of industrial machines, cutting
and placement of metal rod and wood, uploading and transferring of heavy
goods from vehicle, building construction and human activities. Noise pollution
in the north industrial of Windhoek may pose an accumulative health effect, not
only to industrial workers but also to costumers and human population living
around the area. Exposure to excessive industrial noise can lead to sleep disord-
er, stress, distraction, loss of hearing, headache, high blood pressure, discomfort
and can as well cause cardiovascular effect [3].

Continuous exposure to repeating noise to resident or workers around the
northern industries, can lead to Psychological and physiological effects [4] [5].
The psychological effect caused by noise on people differs based on the situation
of the person and the time spent by the person in that particular area. For exam-
ple, people working in companies situated in the northern industrial area, in
Windhoek, are more likely to be exposed to repeating sound from their own
company or other company situated in that area.

Madbuli et al [6] studied the noise pollution in metalwork and woodwork
industries in the kingdom of Saudi Arabia; in their research, it was stated that
Noise level varied according to the type and size of factory, and the type and
number of machines used. According to their research, the mean noise level in
metalwork is higher than that of woodwork. Therefore, people working or living
close to the metalwork industry, at the north industrial area of Windhoek, may
have high exposure to noise pollution than those in the woodwork industries.
The effect of noise pollution on human population around the industrial area
can also be determined by the amount of road traffic and other activities en-
gaged by the local population in the area.

The movement of heavy vehicle, truck and goods vehicle in and out of indus-
trial area, contribute to the amount of traffic noise release to the environment.
The effect of noise pollution in cities around the world has been well docu-
mented [7] [8]. Studies have shown that exposure to environment traffic noise
can leads to hypertension and preeclampsia in pregnant women [9]. As city
populations continue to increase, vehicular traffic is becoming alarming, due to

the increase in traffic congestion, in our road and industrial area [10]. Residents
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living along the streets close to traffic congestion area may be affected by traffic
noise, especially during early hours of the day. Noise pollutant emanating from
road traffic and industry has adverse effect on productivity. Industrial workers
may have low productivity from noise distraction, learning process of students
in high school located close to road traffic and the industrial area may be af-
fected as well [11] [12] [13]. There are residents living along the streets that lead
to the north industrial area of Windhoek. Also present are schools, offices and
hospitals that are situated in proximate distance to the industrial area. Vehicles
and heavy industrial trucks entering and leaving the area create traffic noise to
residents, patients and school learners. This study will be relevant to the general
public and policymakers in that it will help to create awareness of the levels of
noise generated from the north industrial area which will form a baseline for fu-

ture environmental noise assessment.

2. Material and Method
2.1. Study Area

Windhoek is the capital city of the republic of Namibia. The city is located at the
central part of Namibia; the location is within the Khomas Highland plateau
area. It has a distance of 1700 meters (5600 ft) above sea level, almost exactly at
the country’s geographical centre. The human population in Windhoek, is about
325, 858 according to 2011 census figure. However, the number continues to
grow due to high influx of people from all over Namibia. The city has an annual
average high and low temperature range to be 13.6 0C (24.5 OF) with over 300
sunny days per year. The coldest month is July, while the hottest month is De-
cember. The City has an average precipitation of 367.4 millimeters, which is ab-
undant during summer season and minimal during winter season. Windhoek is
divided into four geographical locations, known as the northern, southern,
western and eastern region. The Southern side is not suitable for industrial de-
velopment because of its underground aquifers. This leaves the vast areas of the
north of town as the only feasible place for Windhoek’s expansion [14]. The north-
ern region of Windhoek is where the industrial activities do take place hence, the
location of industrial establishment. The northern industrial area of Windhoek
comprises of the Bonsmara, Newcastle, Dortmud, Hosea kutako drive and Brah-
man Street. Figure 1 below is the map of the Northern industrial area, showing

their respective street, in which the study was conducted.

2.2. Source of Noise

The sources of noise include vehicular activities, commercial activities, industrial
activities, and human activities. Vehicular activities include small cars such as
taxis, as well as heavy duty vehicles. Other sources of noise identified are noise
from commercial activities such as service stations, shop, open markets and in-
dustrial activities of food industries and machinery fabrications. The most noise

came from the horns of heavy vehicles going in and out of the adjoining street.
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Figure 1. Map of the Northern Industrial Area, showing their respective street.

Noise pollution is less in areas where there are less vehicular movements, less
shops and industries. Road traffic is one of the major sources of noise in an in-
dustrial area. The contact between tyres and road surface contribute largely to
traffic noise [15]. Table 1 shows the street locations where the study was carried

out, the coordinates of the locations and the different sources of noise.

2.3. Noise Measurement

The material used for the measurement are the 3 MTM 2200 integrating-averaging
sound level meter, which contains a range of 30 - 140 dB and a weighting me-
thod of A, C, Z. stopwatch and a mobile phone. The noise pollution was measure
in six streets around the northern industrial area of Windhoek. The sources of
noise in each of the streets were identified and the sound level meter was used to
measure the amount of noise generated from the source in decibel, at a particu-
lar distance. For the Newcastle Street, the distance of the sound level meter, from
the source was within 12 m, 9 m for Dortmund Street, 10 m for Hosea Kutako
Street and Simmentaler Street, then 9 m for Brahman Street. The time for each
noise measurement were taking within an interval of 5 minutes, for a range of 2
hour that is, 8:00 - 10:00, 10:00 - 12:00, 12:00 - 14:00, and 14:00 - 16:00 hour. The
measurements were taking for each street, around the industrial area during the

daytime. The average noise pollution was calculated in decibel unit dB (A).

2.4. Sound Intensity

The measure of magnitude and direction of the flow of sound energy is known

as sound intensity [16]. Sound intensity, can be measured in air, at different
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Table 1. Location, coordinates and sources of noise pollution.

. Coordinates . Distance from
Points  Name of street X i Sources of noise
(longitude & latitude) source
22°31'36"S Vehicular, human o
1 Bonsmara Street A . . K Within 12 m
17°4'31"E activities, service station
I Vehicular, human
22°3128"S L . .
2 Newcastle Street e activities, commercial Within 12 m
17°4'31"E L
activities (shops, kapana)
22°31'36"S R . . s
3 Dortmund Street e Vehicular, service station ~ Within 9 m
17°4'32"E
Hosea Kutako 22°31'33" S Industrial activities, .
4 . . . L Within 10 m
Drive 17°4'38"E vehicular, human activities
ot Commercial activities
, 22°31'45"S . . -
5 Simmentaler Street 17427, (kapana, shop), industrial ~ Within 10 m
activities, human activities
22°31'40"S Industrial activities, o
6 Brahman Street o . L Within 9 m
17°4'26"E vehicular, human activities

listener’s location. The intensity is measured in watts/m® or watts/cm® Most of
the sound intensity is measured in standard threshold of hearing intensity / as

shown in Equation (1) [17].
l, =107*2 watts/m? = 107*° watts/cm? (1)

The decibel scale is the most common approach to sound intensity measure-

ment as presented in Equation (2).
| (dB)=10log,, {H 2)
0

where 7is the giving intensity and ; is the threshold of hearing intensity.

The unit of sound intensity is decibel (dB). The sound intensity from 0 to 100
dB is pleasant but when the sound intensity exceeds 120 dB, it causes noise. So,
sound of more than 130 dB causes noise pollution. Usually 80 dB is the level at
which sound becomes physically painful. The main threat of noise comes from
transport sector in this case road traffic noise where high and faster moving ve-
hicles produce high noise from their gear boxes, exhaust system, vibrations from
their body, etc. With the increasing number of vehicles in Windhoek, road traf-
fic noise is the most common source of noise pollution; this may be as the result
of a large number of vehicle congestion during peak hours on the same road sec-
tion. Therefore, we considered to be worthwhile tracking noise on a street in the

central area of Northern Industrial in time slot between 08h00 - 16h00.

2.5. Noise Measurement Parameter

The prediction of noise level at the northern industrial area, were calculated us-
ing the percentile noise indices Ly, Ly, and Ly, The 10% of measuring period is
represented by L,;, while L;; and L,, represent the 50% and 90% of measuring

period. The respective percentile noise level indices were evaluated from Equa-
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tions (3)-(6) [18] [19] [20].

Leg = Lo +0.018( Ly, — Lyy )’ 3)
L, = 61+8.4l0g(Q)+0.15P —11.5log(d ) (4)
Ly, = 44.8+10.8l0g(Q)+0.12P —-9.610g(d) (5)
Ly =39.1+10.5l0g(Q)+0.06P —9.3log(d ) (6)

where Q is the total vehicle, P is the percentages of heavy vehicle and d is the
distance from the source of noise to the receivers.

There are periods were the sound level recorded by the sound level metre are
fluctuating with respect to time. This may be because of the direction of wind
from the source, or road traffic vehicular noise moving far away or closer to the
measurement metre and other causes of noise that is generating an unstable
sound. The Noise Climate (VC) formula in Equation (7) below is used to deter-
mine the range over which the noise level is changing [18].

NC = L10 - Lgo 7)

Another noise index of importance in characterizing noise pollution is the
traffic noise index. The traffic noise index is a parameter that determines the de-
gree of change in the traffic flow in an area [18]. The traffic noise index was cal-

culated using Equation (8).

TN|:4(L10_L90)+(L90_30) (8)

3. Result and Discussion

The noise pollutions measured for each of the streets around the industrial area
of Windhoek, Namibia, are shown in Table 2.

The respective recommended limit for noise exposure during the daytime is
70 dB (A) [21]. Table 2 shows the average noise pollution recorded by the sound
level meter between a time intervals of 8:00 am - 16:00 pm. It is clearly seen from
the table, that the maximum level of noise pollution obtained from our study is
higher than those recommended by WHO and the National Environmental
Noise Regulation standard of 70 dB (A). However, our results are lower than

Table 2. Average Noise Level dB (A) recorded at time interval from the different loca-
tions, in the Northern Industrial Area.

Street names Average Noise Level dB (A)

8:00 am - 10:00 am - 12:00 pm - 14:00 pm -

10:00 am 12:00 pm 14:00 pm 16:00 pm
Bonsmara Street 72.5 71.5 64.4 67.5
Newcastle Street 67.4 67.9 75.3 68.8
Dortmund Street 81.0 60.5 72.6 72.7
Hosea kutako Drive 63.3 66.9 62.5 723
Simmentaler Street 72.3 82.3 66.0 70.1
Brahman Street 65.1 66.7 76.8 69.5
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those reported by Edgar et al in Columbia, which have “79.7 dB (A) during
business day and 77.7 dB (A) during non-business day” [22] and compared fa-
vorably with the study reported in Iran, which is “70 dB (A) in 80% of the sites
during weekdays” [23].

Tables 3-6 show the variation of noise level index L,;, Ly, Ly, and L, calculated
from the noise level, measured in dB (A), at the various streets (Bonsmara, New
Castle, Brahman, Hosea Kutako, Simmentaler and Dortmund), around the
Northern Industrial Area. The mean values of noise level index L,;, L, Ly, ob-
tained from our study are shown on the Tables 3-6. The mean noise level index
L,, obtained from all the streets are above the WHO recommended limit of 70
dB(A), except that of New Castle Street, which is slightly below the recommended
limit. However, the mean value of noise level index L., and Ly, obtained from the
all the streets were below WHO recommended limit of 70 dB (A) [21].

The Noise Climate (NC) and Traffic Noise index (TNI) were calculated, as
shown in Figure 2 and Figure 3 respectively. The mean Noise Climate and the
Traffic Noise index (TNI) variation obtained from Bonsmara, New Castle, Brah-
man, Hosea Kutako, Simmentaler and Dortmund Street at a time interval of
08:00 am - 16:00 pm, were shown clearly on the figures. The noise climate varia-
tion in the entire street, have a close range to each other, except that of Hosea
Kutako Street, which is a bit higher than the other with a value of 17.7 dB(A).
The values of traffic noise index recorded in the entire street were higher than
the traffic noise recommended limit of 53 (dB) recommended by WHO [21].

4. Conclusions

There exist a lot of proximate residential buildings and major industries along
the streets of the northern industrial areas of Windhoek. Workers and residents
can be affected by a large amount of sound pressure generated from different
sources with attendant risk from noise pollution. From the study, it was ob-
served that several sampling points recorded high average noise levels above

WHO recommended limit. This implies that the more time industrial workers

Table 3. Noise level (L,,) variation at different street locations, in the Northern Industrial
Area.

Street names at Northern Industrial Area

Time interval
Bonsmera New Castle Brahman Hasea-Kutako Simmentaler Dortmund

08:00 - 10:00 73.5 68.6 70.0 74.9 72.8 75.1
10:00 - 12:00 72.4 70.1 67.5 80.7 71.8 72.6
12:00 - 14:00 72.0 70.5 66.2 79.4 72.9 73.0
14:00 - 16:00 73.1 70.0 65.0 75.8 71.4 74.0
Mean 72.8 69.8 67.2 77.7 72.2 73.7
Min 72.0 68.6 65.0 74.9 71.4 72.6
Max 73.5 70.5 70.0 80.7 72.9 75.1
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Table 4. Noise level (Ly,) variation at different street locations, in the Northern Industrial
Area.

Street names at Northern Industrial Area
Time interval
Bonsmara New Castle Brahman Hosea-Kutako Simmentaler Dortmund

08:00 - 10:00 64.8 59.6 60.8 66.6 64.9 67.2
10:00 - 12:00 63.6 61.3 58.1 69.9 63.3 63.8
12:00 - 14:00 63.9 62.4 56.4 70.5 64.6 64.7
14:00 - 16:00 63.7 61.7 54.8 67.3 63.2 65.3
Mean 64.0 61.3 57.5 68.6 64.0 65.3
Min 63.6 59.6 54.8 66.6 63.2 63.8
Max 64.8 62.4 60.8 70.5 64.9 67.2

Table 5. Noise level (L,,) variation at different street locations, in the Northern Industrial
Area.

Street names at Northern Industrial Area

Time interval
Bonsmara  New Castle Brahman Hosea- Kutako Simmentaler Dortmund

08:00 - 10:00 57.3 53.2 54.3 59.5 58.6 60.4
10:00 - 12:00 56.3 54.7 52.1 59.3 56.7 57.0
12:00 - 14:00 57.1 56.1 50.4 61.6 57.9 58.1
14:00 - 16:00 55.9 55.3 48.9 59.8 56.8 58.1
Mean 56.7 54.8 514 60.1 57.5 58.4
Min 55.9 53.2 48.9 59.3 56.7 57.0
Max 57.3 56.1 54.3 61.6 58.6 60.4

Table 6. The noise level equivalent (L,,) variation at different street locations, in the
Norther Industrial Area.

Street names at Northern Industrial Area
Time interval
Bonsmara New Castle Brahman Hosea-Kutako Simmentaler Dortmund

08:00 - 10:00 78.2 72.9 74.4 79.2 76.4 79.0
10:00 - 12:00 77.1 74.4 71.8 88.9 75.9 77.0
12:00 - 14:00 76.0 74.2 70.7 85.1 77.0 77.0
14:00 - 16:00 78.4 73.9 69.7 80.4 75.2 78.6
Mean 77.4 73.9 71.7 83.4 76.1 77.9
Min 76.0 72.9 69.7 79.2 75.2 77.0
Max 78.4 74.4 74.4 88.9 77.0 79.0
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Noise Climate (NC) variation at different street location, in the
Northern Industrial Area.
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Figure 2. Noise Climate (NC) variation at different street locations, in the Northern Industrial Area.

Traffic noise index (TNI) variation at different street location, in
the Northern Industrial Area.
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Figure 3. Traffic Noise Index (TNI) variation at different street locations, in the Northern Industrial Area.
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and residents spent in those areas during the period of this analysis, the more
they are likely to be exposed to environmental noise hazards. This noise pollution
may have an accumulative effect on their health which may lead to diseases that
may result in continuous health deterioration. The noise level percentile indices
Lo Lsp» Lyg and L, were determined. The results showed some percentile indices
below the WHO recommended limit. The major sources of noise that contribute
to the noise pollution as identified in the study are from the road traffic noise.
Therefore, we recommend measures be put in place to minimize the levels of
road traffic noise from the north industrial area of Windhoek City, Namibia.

We suggest that monitoring should be replicated at the southern industrial
area of Windhoek Namibia, to form a baseline for noise level around the indus-

trial establishment in the capital city.
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