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Abstract According to the world population in-
crease and demand on transportation in mega
cities, modern and low-cost technologies are re-
markably considered. Meanwhile, subway system,
as a means to transfer a large population of peo-
ple, is extremely welcomed due to its particu-
lar advantages including time and cost savings,
traffic jam avoidance, and unaffected by weather.
Nevertheless, despite the benefits of these tech-
nologies, such devices also have been associated
with disadvantages for human. In many subway
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systems, noisy environments are clearly observed;
therefore, workers and even the passengers are
exposed to higher noise levels than permissible
limit. In this research, noise measurements were
performed at Imam Khomeini Station as the most
crowded intersection subway station in Tehran.
In this descriptive–sectional survey, the amount
of noise pollution was investigated at both stories
of Imam Khomeini Intersection Station. A variety
of noise pollution indicators such as Leq 10 min
were separately measured at each storey through
five measurement points from 7 a.m. to 10 p.m. It
was shown that the equivalent sound level range
at Imam Khomeini station towards Elmo Sanat
and Imam Khomeini towards Mirdamad were be-
tween 70.56–79.54 and 68.35–79.12 dB (A), re-
spectively. It was indicated that except for the
entrance stairs to the subway waiting platform and
the first section of the platform on both stories,
other measurement stations have the same equiv-
alent sound levels.

Keywords Noise pollution · Subway ·
Equivalent sound level · Intersection station

Introduction

Nowadays, noise pollution is considered among
serious environmental risks. Exposure to noise
levels higher than permissible limits results in a
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decrease in worker’s quality, wasting time, job
stress, and dissatisfaction (Gershon et al. 2005).
Hearing impairment, annoyance, sleep distur-
bance, and hypertension are considered among
the other adverse effects of noise exposure. Stress
hormones such as adrenalin and noradrenalin as-
sociated with noise have the potential to enhance
the incidence risk of diseases, e.g., cardiovascular
diseases (Ko et al. 2011). Some epidemiological
studies have shown an increase in the blood pres-
sure as a result of exposure to chronic noise (Ni
et al. 2007; Stansfeld and Matheson 2003). Most
evidence suggests that the blue-collar workers ex-
posed to sound level equal to (Leq 8 h ≥ 80 dB
(A)), have a greater risk for accidents (Picard

et al. 2008). Also, according to statistics published
in the USA, 11 million Americans are exposed
to sound levels with damaging potential. In this
country in 1990, 200 million dollars indemnity
was paid in this case (Rachiotis et al. 2006), and
it was estimated that 600 million workers were
exposed to noise pollution (Ferrite and Santana
2005).

According to the world population increase and
demand on transportation in mega cities, modern
and low-cost technologies are remarkably consid-
ered. Meanwhile, subway systems as a means of
transporting people are extremely accepted con-
sidering its special condition such as time and cost
saving, traffic jam avoidance, and unaffected by

Fig. 1 The map of Tehran subway stations and lines (Imam Khomeini Intersection Station is displayed using a black point)
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weather. In spite of advantages of this technology,
it has some negative points as well. This means
might be associated with great risks including
physical risks (noise, vibration, electromagnetic
radiation, electric sources hazard, and high tem-
perature), biological risks (contagious disease
transmission through person to person), chemical
risks (exposure to toxic chemicals or allergens,
metals, gas emissions, and fumes), and physiologi-
cal risks (violence and psychological stress caused
by work; Gershon et al. 2005).

In most subway systems, especially the older
ones, noisy environments can be observed distinc-
tively. It is not only because of the noise caused
by rail transportation systems but also as a result
of the sound reflection in an indoor environment.
Thus, workers and even passengers exposed to
noise at higher levels than standard limits are
faced with more risks owing to the extra time
they spend in such noisy environment. Hence,
problem assessment and applicable action plans
to control the harmful effects have become issues
of immediate concern for community as it was
evidenced by the large number of anti-noise laws,
ordinances, and regulations decreed by many gov-
ernments (Piccolo et al. 2005). Thus, awareness of
equivalent sound level in the subway environment
is the first stage to present new remedy for this
dilemma and then to have a precise judgment for
the case study using scientific principles.

Material and method

Tehran is the capital of Iran with a population
of approximately nine million people during days
and seven million inhabitants at night. The subway
system of Tehran with five lines is the busiest
means of public transportation wherein four lines
are opened and one line is currently under con-
struction. Figure 1 shows the map of lines and sta-
tions of the subway in Tehran. Line 1 connects the
north of Tehran (Tajrish Square Station) to the
south (Imam Khomeini Shrine Station) and has a
length of 29.3 Km. Line 2, with 26.4 Km length,
connects eastern part of Tehran (East Terminal
Station) to the west (Sadeghieh Station). Both
lines included the main part of Tehran subway
system pass similarly from a two-storey station
called Imam Khomeini Intersection Station, the
most crowded station in Tehran.

This descriptive–sectional survey was con-
ducted at a two-storey intersection station, Imam
Khomeini Station, in winter 2010. Noise measure-
ments were individually performed at each storey
of the station. This interchange station is totally
considered as a group and each storey is referred
to a separate sub group. In other words, Imam
Khomeini Station toward Mirdamad Station is
referred to subgroup 2 (the first storey) and Imam
Khomeini Station toward Elmo Sanat Station is
referred to subgroup 1 (the second storey). Each

Fig. 2 Noise
measurement points
map at Imam Khomeini
Intersection Station
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Table 1 The equivalent sound level (Leq 10 min) of subgroup 1 over 15 measurement intervals during day

Points 1 2 3 4 5a

LAeq(10 min) (dB (A))

Mean 70.56809 70.85426 78.88335 78.73164 79.54379
SD 2.794433 2.506695 1.410107 1.295787 1.520637
Higher limit 76.15696 75.86765 81.70357 81.32322 82.58506
Lower limit 64.97923 65.84087 76.06314 76.14007 76.50251
aPoints of each subgroup are clarified in Fig. 2

storey has the same parts including ticket hall,
entrance stairs, and waiting platforms.

Tehran subway system has two types of trains
including AC (new trains) and DC (older trains).
These two types of train pass through the Imam
Khomeini Intersection Station regularly. The under-
investigated station, with an enclosed area of ap-
proximately 10,223 m2, has five entrances includ-
ing: (1) Bab Homayoon, (2) Sepah, (3) Lalezar,
(4) Ferdowsi, and (5) Khayam Entrances in which
all entrances have typically the same constructions.

Each storey was divided into three different
measurement areas: first area (point number 1)
refers to the ticket hall where the passengers pass
through the gates to enter into the platform. Sec-
ond area (point number 2) indicates the stairs
that join the ticket hall area with station platform
and the third area includes the waiting platform
(point numbers 3, 4, and 5). Note that in this
station, the second storey has fewer stairs than the
first one. In each waiting platform of each storey,
measurements were conducted at three different
points. These points include the front end (point
number 3), the middle section of the platform
(point number 4), and the rear end (point number
5). Hence, five distinct measurement points were
considered at each storey. Figure 2 presents the
noise measurement points at Imam Khomeini In-
tersection Station briefly. Note that as the mea-
surement points were the same in both subgroups
of Imam Khomeini Intersection Station, only one
subgroup was illustrated in Fig. 2.

In this survey, the CELL 450 meter, a digi-
tal sound level meter (SLM) accompanied by an
analyzer, was used to measure the noise levels.
At the beginning and at the end of each data
collection day, the SLM was calibrated according
to the instructions of meter manufacturer (Cell-
101/1). Also, a windscreen was used in all stages
of data collection and measurements.

Based on the previous studies, an equiva-
lent sound level of 10 min/h was considered for
the noise measurement period (Golmohammadi
2006). Measurements were hourly performed in
each subgroup from 7 a.m. to 22 p.m. (Aly 2005).
In other words, every point of each subgroup was
measured 15 times during day. In case of waiting
platform noise measurements, the SLM was ap-
proximately placed at 1 m away from the ground
(3 ft) and about 0.5 m (1.5 feet) far from the edge
of platforms (Gershon et al. 2006). The statistics
analysis (SPSS Version 16) was used to compare
all of the measurement values. The ANOVA test
(one-way) and Independent Samples Test were,
respectively, applied to compare the measured
areas within one storey (between the five points
existed in one storey) and two stories (between
measurements in both stories).

Results

In this survey, the equivalent continuous sound
pressure level (Leq) is the most remarkable

Table 2 The equivalent
sound level (Leq 10 min)
of subgroup 2 over 15
measurement intervals
during day

Points 1 2 3 4 5

LAeq(10 min) (dB (A))

Mean 70.62904 68.35502 77.46588 78.37561 79.12967
SD 1.649782 0.511398 2.448187 3.883186 1.784018
Higher limit 73.9286 69.37781 82.36226 86.14198 82.69771
Lower limit 67.32947 67.33222 72.56951 70.60924 75.56164
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Fig. 3 The equivalent sound level (Leq 10 min) at different
hours in subgroup 1

parameter that would be discussed. However, the
following factors related to noise pollution were
also measured at which the results are shown in
detail in Table 3.

LAS min Minimum value of SPL
LAS max Maximum value of SPL
LZpk Peak sound level
LEP The normalized equivalent sound level

for an exact period of hour or minute
LAE Noise exposure level
LTm3 The maximum sound level over 3

seconds
LTm5 The maximum sound level over 5

seconds
HML C-weighting sound level - A-weighting

sound level (harmonic level)

For each area, the Leq of 10 min (Leq 10 min)
was assessed during day. As it was stated before,
in each point, 15 measurements were carried out
separately over a period of 15 h from 7:00 a.m. to

Fig. 4 The equivalent sound level (Leq 10 min) at different
hours in subgroup 2 T
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Table 4 The statistic
analysis at different
points of subgroup 1
during day

Multiple comparisons (Scheffel)

Measurement Measurement Sig. (2-tailed) 95% Confidence interval

points points Upper bound Lower bound

1 2 .992 1.8741 −2.5941
1 3 .000 −6.6792 −11.1475
1 4 .000 −6.5325 −11.0008
1 5 .000 −7.2992 −11.7675
2 3 .000 −6.3192 −10.7875
2 4 .000 −6.1725 −10.6408
2 5 .000 −6.9392 −11.4075
3 4 1.000 2.3808 −2.0875
3 5 .941 1.6141 −2.8541
4 5 .880 1.4675 −3.0008

10:00 p.m. (150 measurements in each day). The
results of these measurements in subgroups 1 and
2 are shown, respectively, in Tables 1 and 2.

For each area, results of the equivalent sound
level (Leq 10 min) in different hours of a day
from 7:00 a.m. to 10:00 p.m. for various points of
subgroups 1 and 2 are illustrated in Figs. 3 and 4,
respectively.

As shown in Table 3, in addition to Leq 10 min,
the other noise pollution criterion such as LAE,
LEP, etc. were also measured on both subgroups
separately. These measurements were conducted
in same areas during 7:00 a.m. and 10:00 p.m.
within 1-h intervals. In Table 3, “A” zone means
the total measurement values of ticket hall area
and the entrance stairs to the subway platform
while “B” zone presents the total measurement
values of the front section, the middle section,
and the rear section of the waiting platform. The
values of “A” zone indicate the public sound

(community noise) and values of “B” zone shows
the equivalent train noise at platforms.

Table 4 shows the statistic analysis at different
areas of Imam Khomeini to ElmoSanat station
(subgroup 1) during day. There was no significant
difference between the equivalent sound level val-
ues of the first and second point (P > 0.05) the
same relation was observed at points 3, 4, and 5 as
well. However, the equivalent sound level values
(P value) between point 1 and points 3, 4, and 5
similar to the values between point 2 and points
3, 4, and 5 were less than 0.05 which means there
was a significant difference between these points
statistically.

The statistic analysis of Imam Khomeini to
Mirdamad Station (subgroup 2) has shown identi-
cal results during day. As shown in Table 5, there
was no significant difference between the values
of points 1 and 2 and also between points 3, 4, and
5 (P > 0.05). However, the values between point 1

Table 5 The statistic
analysis at different
points of subgroup 2
during day

aThe mean difference is
significant at the 0.05
level

Multiple comparisons (Scheffel)

Measurement Measurement aSig. (2-tailed) 95% Confidence interval

points points Upper bound Lower bound

1 2 .698 4.2709 −1.5417
1 3 .000 −3.6405 −9.5461
1 4 .000 −4.0739 −9.9795
1 5 .000 −5.4545 −11.4646
2 3 .000 −5.0516 −10.8642
2 4 .000 −5.4850 −11.2975
2 5 .000 −6.8647 −12.7835
3 4 .994 2.5195 −3.3861
3 5 .432 1.1389 −4.8713
4 5 .686 1.5722 −4.4379
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Table 6 Statistic analysis between similar measurement
points of two subgroups at Imam Khomeini Intersection
Station

Independent samples test

95% confidence interval of the difference

Points Sig. (2-tailed) Lower Upper

Ticket hall 0.493 −2.21234 1.09234
Entrance stairs to the 0.008 .51251 3.10082

subway platform
Front section 0.020 .29915 3.22085
Middle section 0.257 −.90989 3.26989
Rear section 0.383 −.69138 1.74472

with points 3, 4, and 5 as well as point 2 with point
3, 4, and 5 present a significant difference (P <

0.05).
Table 6 shows the statistic analysis between

similar measurement points of two subgroups in
the investigated station. It was found that, only
the entrance stairs to the subway waiting platform
and the front section of the platform on both
stories have significant differences in equivalent
sound level (P < 0.05) while the P value of other
areas were above 0.05 which means there was no
significant difference in equivalent sound level.

Discussion and conclusion

In this descriptive–sectional research, several
noise pollution factors such as equivalent sound
level (LAeq(10)) were measured in the two-storey
of Imam Khomeini Intersection Station.

The average equivalent sound level (LAeq(10))
in five different points of the second storey
of Imam Khomeini Station (Imam Khomeini to
ElmoSanat) were, respectively, equal to 70.56,
70.85, 78.88, 78.73, and 79.54 dB (A). The acoustic
difference between the first two points including
the ticket hall and the entrance stairs to the sub-

way waiting platform, called “A” zone and the
different points at the subway waiting platform
(the front, middle, and the rear sections), called
“B” zone was between 8 and 9 dB (A). This
difference indicates that the main effect of the
train noise was occurred on the waiting platform
and the effects on the ticket hall and the entrance
stairs is much lower than it. In Zone A, advertise-
ment and the loudspeakers noise used to inform
passengers were the main sources of the noise
pollution.

To compare the subway noise with the commu-
nity noise standards, the equivalent sound levels
were investigated in each subgroup as well as both
“A” and “B” zones separately. Table 7 shows
the allowable noise exposure level for community
noise equivalent level. According to NIOSH and
OSHA recommendation, the 24-h allowable noise
exposure level is equal to 75 dB (A) (Gershon
et al. 2006).

The sound level of “A” zone including the
Ticket Hall and the entrance stairs to the sub-
way waiting platform was, respectively, equal to
70.56 and 70.85 dB (A). As the community noise
standards over a period of 24 h was higher than
the mentioned values in “A” zone (P = 000), it
seems that no problem will happen to passengers
and workers. However, the equivalent sound level
of platform ranged from about 78 to 80 dB (A)
was higher than the allowable limit of community
noise (P = 000). In addition, the average equiva-
lent sound level (LAeq(10)) measurements of Imam
Khomeini Station toward Mirdamad Station was
tantamount to 70.62, 68.35, 77.46, 78.35, and 79.12.
In this subgroup, similar to the second storey, the
acoustic difference between zones “A” and “B”
were ranged from 8 to 9 dB (A) which shows the
train noise has negligible impact on “A” zone. The
significant point here is that, the noise level of
the entrance stairs to the subway waiting platform

Table 7 Allowable exposure durations for various exposure levels determined by different standards

Exposure duration (min)

75 dBA 85 dBA 90 dBA 100 dBA 105 dBA 115 dBA

OSHA PEL >24 ha 960 480 120 60 15
NIOSH REL >24 ha 480 151 15 4.5 0.5
EPA/WHO 480 47.5 15 1.5 0.5 0
aUnlimited allowable exposure duration
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is 2 dB (A) lower than the noise level in ticket
hall and 9 dB (A) lower than the front section
of the waiting platform. It can be explained by
the distance between these points. This subgroup,
located at the lower storey of the station, has
extra stairs in which lead to more distances be-
tween the loudspeakers, the train platform and the
mentioned point. In this subgroup, similarly, the
equivalent sound level at the ticket hall and the
entrance stairs , “A” zone, accounted respectively
for 70.62 and 68.35 dB (A), were lower than the
community noise standards (P = 000, P = 0.007).
However, platform noise was ranged from 77 to
80 dB (A) which was exceeded the allowable limit
of community noise (P = 000, 000, 0.028).

As it can be seen in Table 6, the comparison
between similar points on both stories has shown
that the equivalent sound level was not identical
only at the entrance stairs to the subway platform
and the front end of train (P < 0.05). In contrast,
the other points such as the ticket hall, middle,
and rear sections of the platform (with P > 0.05)
indicate the same average equivalent sound level.

At Imam Khomeini Station toward Mirdamad
Station, the P value of the ticket hall (first area)
and the entrance stairs to the subway waiting
platform (second area) was more than 0.05, the
same result was perceived at third area (point
numbers 3, 4, and 5). Nevertheless, the P value
of the other areas was lower than 0.05 which in-
dicates an inequality between the average equiva-
lent sound levels of these areas. The same relation
was observed in Imam Khomeini Station toward
ElmoSanat Station due to similar structure and
utilization of the same AC and DC trains. Based
on noise measurements, the maximum noise levels
was happened when the AC train is arrived at
the station or started to pull out of the station
and when the DC train is stopped at the plat-
form owing to the output period and the applied
brake caliper. The studied station with numerous
passengers is the most crowded station in Tehran.
The train drivers ride more carefully during their
entrance and exit of the station, use the horn occa-
sionally (a high impulsive noise), and decrease the
train speed before arrival at the station to prevent
any potential collision.

As it was shown in Table 3, the maximum
measured noise level at “A” zone of the subgroup

1 was 85.1 dB (A) where this value for “B” zone
of this subgroup was 94.4 dB (A), while the value
of this index for the subgroup 2 was, respectively,
79.6 and 96 dB (A). The great difference in “A”
zones for both sub groups is due to the location
of the subgroup 2. As this platform is situated on
the first storey, extra stairs lead to a decline in the
sound level and, as a result, affects the average
sound level. Nevertheless, there was no significant
difference in “B” zones which could be explained
by the similar physical structures and trains. The
slight difference is related to the more DC trains
passing through the subgroup 2 compared with the
subgroup 1. Moreover, the minimum noise level
was measured at both subgroups. The values of
“A” and “B” zones in subgroup 2 were, respec-
tively, tantamount to 64.3 and 67.7 dB (A) while
in subgroup 1 were severally equal to 62.3 and
63.3 dB (A). It should be noted that the minimum
noise level was mainly related to the advertise-
ment system and loudspeakers. Since, in subgroup
2, advertisement system and the loudspeakers
were used more than subgroup 1 the minimum
noise levels were higher as well. Similar researches
were carried out around the world focusing on the
subway noise. Neitzel et al. (2009) measured noise
levels of mass transit systems (subways, buses,
ferries, tramway, and commuter railways) aboard
transit vehicles and at vehicle boarding platforms
or terminals in New York. They found that of the
transit types evaluated, subway cars and platforms
had the highest associated equivalent continuous
average (Leq) and maximum noise levels which
the noise-induced hearing loss is considered pos-
sible (Neitzel et al. 2009). The results of another
survey performed in New York, were in agree-
ment with the present study (Gershon et al. 2005).

The noise evaluation of New York subways
has shown that noise level has a range of 56
to 97 dB (A) at stations and inside the subway
at which higher noise level was occurred when
the train arrived and stopped at the platform or
when an express train is passed. Also, another
study, conducted in four New York boroughs with
underground subways (Manhattan, Brooklyn, the
Bronx, and Queens) showed that the average
noise level measured on the subway platforms was
86 ± 4 dB (A). The maximum levels of 106 and
112 dB (A) were measured on subway platforms
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and inside subway cars, respectively (Gershon
et al. 2006). In this research, the measured noise
levels at subway platforms were between 78 and
80 dB (A) that indicates a lower value than the
measurements in other researches. Using up to
date and advanced technologies, as well as proper
repairing and maintaining of equipment, results
in lower noise level values. In this regard, apply-
ing appropriate tools and equipment according
to the capabilities and variety of products can
be considered as the effective factor in each in-
dustry and in any country. However, the higher
noise level within arriving at the station or start-
ing pulling out of the station or stopping at the
platform is because of the applied brake caliper.
In other words, it is necessary to not only use
modern equipment but also maintain the equip-
ment systematically. More recent researches have
focused on the impact of subway noise level on
the noise-induced hearing loss (NIHL; Gershon
et al. 2005). The range of noise levels, which
were in a broad scope from 70 to 110 dB (A),
cause a decrease in hearing. It was shown that 10
million Americans are predicted to have NIHL
(Gershon et al. 2005). Various elements such
as length and speed of subway, quality of track
“specially brake type (track edge)” are consid-
ered among the main effective factors in noise
levels (Jones 1994; Hemsworth and Jones 2000;
Hemsworth 2000; ETSU 2001; BS EN 1793). A
number of solutions have been presented to de-
crease the subway noise level. For instance, (Liu
and Liu 2009) pointed out that the vibration and
noise level could be dwindled optimizing cross-
sectional shape of subway wheels (Liu and Liu
2009). Implementing the other strategies and en-
gineering controls like repair and improved main-
tenance of tracks using rubberized rails, acoustical
tiles, rails without seam and weld, braking mech-
anisms, sound dampening, and sound absorption
acoustical materials can also help to decrease the
noise level (Gershon et al. 2005).

Finally, it is suggested to define the noise levels
at DC and AC trains separately and also make a
comparison at front, middle, and rear sections of
the waiting platform.

Acknowledgements The authors are grateful to Dr.
Nasseri, the executive of subway occupational medicine,

and Eng. Mohseni, the executive of HSE section in Lines
1 and 4. Also, friends are acknowledged for their valuable
effort during this process.

References

Aly, M. E. (2005). Noise assessment inside the Greater
Cairo Underground second-line. Metro, 30(1), 47–55.

BS EN (1793). HA65/94 design guide for environmental
barriers; HA 66/95 environmental barriers, technical
requirements; part 1 - sound absorption and stability;
BS EN 1793 part 2 - Airborne sound insulation and
safety and Appendix A5.

ETSU (2001). Development of a renewable energy assess-
ment and targets for London’ report to government
office for London and the greater London authority
by the energy technology support unit.

Ferrite, S., & Santana, V. (2005). Joint effects of smoking,
noise exposure and age on hearing loss. Occupational
Medicine, 55, 48–53.

Gershon, R. R., Qureshi, K. A., Barrera, M. A., Erwin,
M. J., & Goldsmith, F. (2005). Health and safety haz-
ards associated with subways: A review. Journal of
Urban Health, 82(1), 7–9.

Gershon, R. R. M., Neitzel, R., Barrera, M. A., & Akram,
M. (2006). Pilot survey of subway and bus stop noise
levels. Journal of Urban Health, 83(5), 802–812.

Golmohammadi, R. (2006). Preparation and designing a
compact model for predicting road traf f ic noise: Case
study. Hamadan, PhD Thesis, Science and Research
Branch, Islamic Azad University, Tehran, Iran.

Hemsworth, B. (2000). Silent track project - f inal report.
European rail research institute.

Hemsworth, B., & Jones, R. R. K. (2000). Silent freight
project - f inal report. European Rail Research
Institute.

Jones, R. R. K. (1994). ‘Silent Freight’ and ‘Silent Track’.
In Railway noise control using combined vehicle and
track treatments. Paris, France: World Congress on
Railway Research.

Ko, J. H., Chang, S. I., Kim, M., Holt, J. B., & Seong,
J. C. (2011). Transportation noise and exposed pop-
ulation of an urban area in the Republic of Korea.
Environment International, 7(2), 328–334. doi:10.1016/
j.envint.2010.10.001.

Liu, Y. J., & Liu, X. F. (2009). Optimizing cross-sectional
shape of subway wheel to decrease vibration and
noise. Jisuan Lixue Xuebao/Chinese Journal of Com-
putational Mechanics, 26(3), 369–373.

Neitzel, R., Gershon, R. R. M., Zeltser, M., Canton, A., &
Akram M. (2009). Noise levels associated with New
York City’s mass transit systems. American Journal of
Public Health, 99(8), 1393–1399.

Ni, C. H., Chen, Z. Y., Zhou, Y., Zhou, J. W., Pan, J. J.,
Liu, N., et al. (2007). Associations of blood pressure
and arterial compliance with occupational noise expo-
sure in female workers of textile mill. Chinese Medical
Journal, 120(15), 1309–1313.

http://dx.doi.org/10.1016/j.envint.2010.10.001
http://dx.doi.org/10.1016/j.envint.2010.10.001


Environ Monit Assess

Picard, M., Girard, S. A., Simard, M., Larocque, R.,
Leroux, T., & Turcotte, F., (2008). Association of
work-related accidents with noise exposure in the
workplace and noise-induced hearing loss based on
the experience of some 240,000 person-years of ob-
servation. Accident Analysis and Prevention, 40, 1644–
1652.

Piccolo, A., Plutino, D., Cannistraro, G., & Piccolo, A.
(2005). Evaluation and analysis of the environmental

noise of Messina, Italy. Applied Acoustics, 66, 447–
465.

Rachiotis, G., Alexopoulos, C., & Drivas, S. (2006). Oc-
cupational exposure to noise, and hearing function
among electro production workers. Auris Nasus Lar-
ynx, 33, 381–385.

Stansfeld, S. A., & Matheson, P. M. (2003). Noise pollu-
tion: Non-auditory effects on health. British Medical
Bulletin, 68, 243–257.


	Noise pollution survey of a two-storey intersection station in Tehran metropolitan subway system
	Abstract
	Introduction
	Material and method
	Results
	Discussion and conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


