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ABSTRACT

A comprehensive study was conducted with the objectives of evaluation of noise exposure in the workplace of
bus drivers, and to find attitudes of passengers and drivers. This study consisted of two phases. In the first
phase, Noise levels were measured in fifty buses. The evaluation of noise levels in the workplace of bus drivers
was performed according to the Iranian legislation’s. Twenty four buses with noise levels above 85 dB (A)
consider as an "unsafe" workplace. In the second phase, the attitude of 50 male drivers and 500 passengers
concerning the annoyance and impact of noise on health was also surveyed. Second phase showed that 70% of
drivers and 86.4% of passengers were nervousness from high level noise inside the buses. Eighty four percent
drivers and 80% passengers felt noise had affected on their hearing. This study also affirmed that out of every

seven drivers, six reported headache.
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INTRODUCTION

Noise is a well-known environmental problem
associated with major cities worldwide. In both the
industrialized and non-industrialized world traffic
noise is a major environmental concern for
residents of cities [1]. Increased knowledge of the
health effects of noise and increased community
awareness of environmental noise has a higher
expectation for governments at all levels to reduce
noise levels [2]. Noise in large cities is considered
by the World Health Organization to be the third
most hazardous type of pollution [3].

In recent years, the impact of noise on wildlife also
has increasingly become concern [1].

A review of related literature shows that over the
years numerous studies of urban traffic noise have
been conducted. Several studies have addressed the
quantification of outdoor noise pollution levels [4-
9].

The impact of urban traffic noise on the health and
welfare of exposed individuals has also been
studies by researchers' worldwide [10-12].

Urban bus operation appears to be an especially
stressful occupation because of the array of
potentially noxious physical and psychological
stressors acting on the drivers and passengers.
Physical stressors abound, in particular traffic
congestion, safety hazards, fluctuations in
temperature with the opening and closing of doors,
vibration and noise [13-14]. However, a limited
number of studies have also been carried out on the
noise levels inside vehicles [15, 16and 17]. This
research represents the first study of noise inside
bus transit vehicles in Iran.
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Kerman is one of the 30 provinces of Iran. Kerman
city had an estimated population of 580, 000 in
2008. The city of Kerman embraces about 80% of
the urban population, being the most developed and
largest city of the province. The city transportation
is made up of 295 buses, which run along different
lines across the city. This study consisted of two
phases, which are described separately.

MATERIALS AND METHODS
PHASE I

In this phase, Noise levels in 50 buses were equally
sampled in five separate sub-samples: (1) 10 Mega
trance buses, (2) 10 Benz 457 buses, (3) 10 Benz
355 buses, (4) 10 Benz 457buses with CNG and (5)
10 Renault buses. Mega trance buses stop at
specific stations for loading and unloading
passengers, and can carry up to 50 passengers;
gasoline is the kind of fuel used in this bus. Benz
457 and Benz 355 buses can carry up to 38
passengers. The manufacturing year is 2004. The
position of the engine in all type buses is rear
mounted engine. Benz 457 with CNG fuel buses
operates in regular streets across the city; can carry
up to 38 passengers. The manufacturing year is
2005 and used CNG gas. Renault buses are
carrying 38 passengers and used gasoline fuel.
Measurements have been carried out in 50 buses in
several lines during the whole ride, from starting
station to finish station. During measurements,
buses were loaded with passengers at the normal
working hours. Measurements performed when
meteorological conditions were ideal, no wind and
no rain during the study period.
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Measurements have been carried out inside several
types of buses that operate in the city, to identify
the levels of noise pollution during commuting
hours in Kerman buses and also to show the drivers
and passengers attitudes of annoyed inside vehicle
noise. The acoustical parameter used in this
evaluation was the noise exposure level expressed
in dB (A), according to I1SO 1999 (1990)
Acoustics: - Determination of occupational noise
exposure and estimation of noise-induced hearing
impairment and Iranian noise exposure (85dB (A)).

Noise levels were measured using the BK 2238
and the B and K investigator 2260 types one
integrating and logging sound level meters. The
instrumentations and calibration of equipment were
performed in accordance with manufacturers’
recommended procedures. The microphone of the
sound level meter was placed 20cm from the
external ear of the bus driver. Noise exposure level
was normalized to a nominal eight hours working
day calculated from the measured equivalent sound
pressure level normalized exposure levels were
calculated according to;

L
Lex gh = Leqr, +1OIogL—e(dBA)
0

Where:

Leat,
sound pressure level.

L, is the effective duration of a working day and
equal to 8h.. The 9 hours working day is a
minimum hour for Kerman bus drivers ( Le =9).

LO
(8h).
For comfortable working condition the L

is the equivalent continuous A-weighted

is the reference duration of the working day

eqle
according to Iranian laws should be 85 dB (A).
Uncomfortable workplace shows the value more
than 85 dB (A).

The noise pollution level, which accounts for short-
term noise variability, was computed from the
following equation:

Lye = Ly +2.56

Where O is the standard deviation (SD) of noise
level.

PHASE 11

In the second phase of the study, the standard
questionnaire was wused [10 and 12]. The
questionnaire elicited three types of information
from bus drivers and passengers: their socio-
demographic characteristics information such as
age, educational, experience, accidents last five
years prior to being interviewed. The questionnaire
also includes questions regarding their levels of
annoyance with inside-vehicle noise, and their
attitudes/awareness concerning the health and
welfare impacts of noise. Each subject was
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interviewed individually in one-on-one interview.
A total of 500 (passengers) and 50 (Male drivers)
completed questionnaires were collected, from
passengers and drivers respectively. There were no
refusals among subjects selected. In the city of
Kerman there was no female driver. The study was
carried out in the city of Kerman, capital of
provinces of Kerman.

The analyses were performed by using Statistical
Package for Social Science SPSS 16.0 software
(SPSS Inc. Chicago, ILL, USA). Student t-test and

ANOVA test with p ( 0.05was used to test the

annoyance and awareness of the long-term health
impacts of noise on drivers and passengers during
daily rides. Chi-square test was used to assess the
relationship between the annoyance and health
impact of noise and independent variable. The
independent variable included age, accidents,
experience and bus noise. The study was carried
out in the city of Kerman, capital of provinces of
Kerman.

RESULTS

Noise Measurements

Normalized exposure sound levels are obtained
from the workplace of the bus drivers shown in
Tables 2-7. These tables display the type of bus,
year of manufacturer and the normalized exposure
levels. Tables 2-7 shown that the year of Mega
trance buses were assembled between 2004 and
2005, Benz 475 and 355 buses were in year 2002,
Benz 475 buses with CNG were assembled in year
2003 and finally Renault buses were assembled in
year 2007. Benz 475 and Benz 355 buses operate in
Kerman transport network were the oldest among
those buses we surveyed. As shown in Tables 2-7
the Mega trance buses exposed drivers and
passengers to noise levels 0f83< Ly o, <76. The

Benz 457 buses exposed noise levels
90 < Lgy gy <78.610 their drivers and riders. The
Benz 355 buses offered noise levels

99.5< Lgy oy <98.5and the Benz 457 buses with
CNG noise levels was91.0<Lgy o, <87.6.

Finally, the Renault buses noise levels to their
drivers was 85.4 < Lgy o <79.2.

A total of 37% drivers and 81.6% of passengers
were annoyed with the noise level inside the bus.
Seventy six percent of the drivers and 87.4% of the
passenger were felt fatigue, 84%,79.6%, 76%,
82.4% of the drivers and passenger were had
hearing impaired and headache respectively (see
Table 1).

Forty four percent of the drivers with five to ten
years’ experience and twenty eight percent with the
more than ten years’ experience were indicated that
noise levels inside the buses are very high.

Analysis of the coefficients of correlation between
annoyances, perceived impacts of noise and
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measured equivalent noise levels also supported the
above findings. The correlation statistics between

and Fatigue, Hearing impair, Headache,

Lear,

Annoyance and Nervousness were 0.736, 0.707,
0.736, 0.748 and 0.776 for drivers, 0.424, 0.678,
0.686, 0.683 and 0.713 for passenger respectively.

A t-test and ANOVA was also employed to test the
null hypothesis. Results indicated that the null
hypothesis was rejected for perceived drivers and
passengers’ annoyed as well as long-term health

impacts ~ at

the 95%

Table 1: Socio-demographic characteristics and attitude of drivers and passengers levels

significance  level.

Variable(Drivers) Frequency Percent Variable(passengers) | Frequency percent
Age groups 50 Gender 500

20-30 years 10 20 Male 385 77.0
31-39 years 15 30 Female 115 23.0
40-50 years 18 36 Age Groups

More than 50 years 7 14 18-30 years 156 31.2
Education 31-39 year 125 25.0
Elementary 20 40 40-50 year 158 31.6
Secondary 17 34 >50 61 12.2
High school (Diploma) 13 26 Education

Experience None 128 25.6
1-5 years 14 28 Elementary 92 28.4
5-10 years 22 44 Secondary 145 29.0
More than 10 14 28 High school

Accidents (Diploma) 117 234
1-3 accidents 18 36 college Graduate 18 3.6
4-6 accidents 23 46 Bus noise

> 6 accidents 9 18 very High 245 49.0
Bus noise High 210 42.0
Very high 28 56 Normal 15 10.0
High 17 34 Unknown 30 6.0
Normal 5 10 Air Conditioning

Air conditioning yes 115 23.0
Yes 2 4 No 385 77.0
No 48 96 Fatigue

Fatigue yes 437 87.4
Yes 38 76 No 63 12.6
No 12 24 Hearing Impaired

Hearing Impaired Yes 398 79.6
Yes 42 84 No 102 20.4
No 8 16 Headache

Headache Yes 412 82.4
Yes 38 No 88 17.6
No 12 76 Annoyed

Annoyed 34 Yes 408 81.6
Yes 37 No 92 18.4
No 13 74 Nervousness

Nervousness 36 Yes 432 86.4
Yes 35 70 No 68 13.6
No 15 30

Table 2: Normalized exposure levels were inside Mega

trance buses.

Manufacturin L EX_8h Manufacturi L EX.8h
g year ' ng year '
2004 83.0 2005 77.0
2004 81.0 2005 76.8
2004 80.0 2005 76.5
2004 79.0 2005 76.0
2004 78.5 2005

Table 3: Normalized exposure levels were inside Benz

475 bus

Manufacturin L EX 8h Manufacturi L Ex 8h
g year ! ng year '
2002 90.0 2002 79.2
2002 88.5 2002 79.0
2002 88.5 2002 79.0
2002 79.5 2002 78.8
2002 79.3 2002 78.6

Table 4: Normalized exposure levels were inside Benz
355 bus

Manufacturing L EX 8h Manufacturi L EX 8h
year ! ng year !

2002 99.5 2002 98.8

2002 99.2 2002 98.6

2002 99.0 2002 98.5

2002 99.0 2002 98.4

2002 98.9 2002 98.2

Table 5: Normalized exposure levels were inside Benz
457 buses with CNG

Manufacturin L ex ah Manufacturi Lex ah

g year ' ng year !

2003 91.0 2003 88.7

2003 90.8 2003 88.5

2003 89.4 2003 88.2

2003 89.2 2003 88.0

2003 89.0 2003 87.6
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Table 6: Normalized exposure levels were inside
Renault buses

Manufacturing | | EX_gh Manufacturi LEx ah
year ! ng year '

2007 85.4 2007 81.2

2007 84.2 2007 80.0

2007 83.0 2007 79.8

2007 82.5 2007 79.4

2007 82.3 2007 79.2

Table 7: Summary noise pollution indicator inside
sample transit buses in Kerman

Bus types L Mean SD Min | Max
NP

Mega 84.3 78.4 234 | 76 83

trance

Benz 475 93.86 81.99 475 | 78.6 | 90

Benz 355 99.86 98.81 0.39 98.2 | 99.5

Benz 457 | 91.77 89.07 1.08 | 879 |91

with CNG

Renault 86.95 81.70 213 | 79.2 | 854

0 0

DISCUSSION

Noise pollution has been stated as a serious health
hazard [18], with noise-related damage to humans
ranging from annoyance to insanity and death [19].
Maschke [20] treated the impact of noise as a stress
inductor, and stated that induced stress by noise has
a psychosocial component. Nelson 21] reported
that long term exposure to high occupational noise
can result in permanent hearing loss. Additionally,
commonly experienced noise effects may include
annoyance, deterioration of sleep quality, and
stress-related ischemic heart disease [22-24].

In Iran as well as other countries such as United
Kingdom, Switzerland, Germany, Australia, Brazil
and Japan maximum permissible noise levels for
occupational noise exposure is 85dB (A). Thus,
according to this legislation, fifty percent of drivers
in Kerman working in the workplace can be
considered an "unsafe”.

Noise exposure inside the bases considered in the
present study is characterized by the subjective
rating according to the "Salford" criterion [19].
According to this criterion, the environment inside
the buses is termed Quite, Noticeable, Intrusive,
Annoying and very Annoying, if the noise levels do
not exceed 67 dB (A), 73 dB (A), 79 dB (A), 85 dB
(A) and 91 dB (A) respectively. Therefore, the
environment in Benz 355 and Benz 475 with CNG
can be characterized as "Very Annoying".

The analysis of the data also indicated that during a
given trip (15-25 min long), the mean noise level
were, e.g. 80 dB (A) inside Mega trance buses,
84.3 dB (A) inside Benz 457 buses, 99 dB (A)
inside Benz 355 buses, 89.3 dB (A) inside Benz
457 with CNG fuel and 82.3 dB (A) inside Renault
buses. To serve as a comparison of noise levels
inside transit vehicles, the results of Mega trance,
Benz 457, Renault, and Benz 457 with CNG buses
are in agreement with other studies [16and 25]
performed in Kuwait and Rio de Janeiro, Brazil,
which indicated that during a 5-min trip, a diesel
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bus averaged 82.1 dB (A), and a CNG-powered bus
registered 76.9 dB (A), but the findings of the Benz
355 was 17 dB (A) higher than studies performed
in Kuwait and Brazil.

This study has revealed that 84% of drivers and
80% of the passengers reported noise inside the
busses affect their hearing. According to the
environmental noise criterion recommended by
WHO, permanent hearing loss is likely to occur if
Lex on = 75 dB(A) for periods up to 40 years.

One carries the same risk if subjected to an hour’s
exposure at Ly, =84 dB(A) .This implies that the

drivers of buses will be prone to hearing loss.
Analysis of data showed that more than half of
drivers and approximately half of the passengers
reported noise inside buses was very high. This can
cause decreasing concentration significantly and
may result in increasing accident rate.

This study also confirmed that 40% of the drivers,
they had accidents during daily trip prior to the
study.

The study findings also indicated that 76% of the
drivers and 82.4% of the passengers reported, they
have headache during their daily bus trips.
Analyses of the data reported in this study revealed
in the 50% of the busses in the city of Kerman in
working conditions are unsafe.

CONCLUSIONS

In both the industrialized and non-industrialized
countries, noise in urban area is a major
productivity, health and environmental concern for
public as well as for bus drivers. The study finding
indicated that, noise exposure levels inside buses
we surveyed are greater than 85dB (A), which can
cause permanent hearing loss.

The study finding also indicated that, the drivers
are exposed to noise levels more than 85dB (A) for
nine hours a day, six days a week, this working
condition lead to a real potential health problem. At
these levels of noise pollution, it is safe to conclude
that the inside of transit buses during the daily
commuting hours, is generally noisy, which is in
agreement with other studies [6 and 9].

Results of this part of the study are in agreement
with others study [14] who found that bus driving
is a stressful and unhealthy activity.

Nearly four out of five drivers and riding
passengers were annoyed with the noise inside the
bus. The sample drivers and passengers with noise
levels inside buses were related to the human noise,
lack of proper maintenance, bus engine, loading
and unloading passengers and the manufacturing
year. Noise and lack of air conditioning in the bus
were the top two ranked service deficiencies of the
public transit system in Kerman, as previously
reported [16].
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