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Introduction: High level of noise can be harmful for human mental
and physical health. Therefore, it is important to study the noise pol-
lution in cities. The aim of this study is to investigate the situation of
noise pollution in I[lam, Iran.

Materials and methods: 18 locations of Ilam city were selected to
measure the noise level. The noise was measured in four different
times including 9 AM, 12 PM, 6 PM and 9 PM in all week days. Then,
the collected data was analyzed by standard statistical tests. Finally,
the map of noise pollution for [lam was prepared by ArcView GIS.
Results: The results showed that the highest noise level was measured
in the areas of Saadi market, Imam Khomeini street and nearby Mo-
stafa Khomeini hospital. The highest noise pollution in Ilam was mea-
sured on Saturday and Tuesday (about 61 dB). The noise pollution
was slightly reduced to 60 dB on Wednesday and Thursday. The noise
pollution was sharply reduced to 55.8 dB on Friday.

Conclusions: The noise pollution in the most areas of [lam, was more
than the maximum permissible level. Therefore, this city needs to de-
velop a plan for noise management.

INTRODUCTION

type of pollution has become more interesting for
researchers [3]. Various studies have shown that

Nowadays, many pollutants are released into
the environment with the risk for human health.
Noise pollution is one of the various anthropo-
genic pollutants. Moving hundreds of thousands
of cars, industrial activities and constructions
in large cities can be main sources of noise pol-
lution [1]. When people are exposed to sound
waves excessively, their health are endanger [2].
In the last three decades, with the identification
of noise pollution dangers for human health, this

short - term and long - term exposure to noise not
only can reduce human hearing, but also increase
blood pressure, cardiovascular disease, anxiety
and insomnia [4]. Exposure to noise can increase
the rate of visiting physicians and increases drug
use in the community [5]. It has been reported
that the noise caused by urban traffic could lead
to an increase in ischemic heart disease [6]. Also,
another study reported that increasing noise pol-
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lution could increase the pain in patients hos-
pitalized in hospitals [7]. The level of stress in
people exposed to noise pollution has been re-
ported to increase sharply [8]. In many parts of
the world, noise pollution maps are provided an-
nually. These maps are used as the necessary in-
frastructure for managing noise pollution in cities
[3, 9, 10]. Noise pollution maps for Tehran, New
Delhi, Tokyo and Rome show that in high traf-
fic areas, the amount of noise pollution exceeds
from maximum permissible limit (70 dB) [3, 11,
12].The study of noise pollution in various cit-
ies such as Qazvin [13], Kashan [14], Hamedan
[15], Khorramabad [16] and Tabriz [13] indicates
that noise pollution in these cities is also a serious
problem. In the city of Fukuyama in Japan, a map
of the noise pollution of the streets was prepared
for identification of the noise pollution dispersion
in the city [17]. Such a study was also carried out
in the Swedish scan city and its noise pollution
map was determined [18].

Providing a noise pollution map that shows the
amount of noise in various times and locations of
Ilam was necessary to reduce the noise pollution
in this city. Therefore, the aim of this study was
to provide many maps of noise pollution in Ilam
during hours of 9 AM, 12 AM, 18 PM and 21 PM.
For this plan, the rate of noise pollution was mea-
sured at 18 locations in Ilam during a week. Fi-
nally, the results were converted into maps using
the ArcView GIS.

MATERIALS AND METHODS

In this study, 18 locations in the city of [lam were
selected. These locations were Arghan square,
Hijrat alley, Fatehan Mimak square, Shahdah
square, Northern Kamarbandi road, Haft Tir
street, Saadi market, Imam Khomeini street,
Shadabad region, Nooruzabad region, Mostafa
Khomeini hospital, Besharat avenue, Chaloosa
region, Chalimar region, Student Blvd, Repairs,
Razmandegan region and Shahid Beheshti street.
Selected locations included commercial and resi-
dential areas. Selected regions were distributed
somewhat homogeneously throughout the city
to study noise pollution. The DSM8930 Gen-
eral tools sound meter was used to measure the
sound level. Based on sound measurement stan-
dards, the microphone distance of the sound me-
ter from reflective surfaces such as walls and cars

was chosen at least 1 m and a minimum of 1.5
m from the ground. The sound meter was also at
least as much as an arm length far from the opera-
tor's body [19]. In this study, LA  was measured.
Based on the standards, LAeq must be measured
in a particular time period (15 min). In this study,
some other parameters were used to describe
noise pollution of Ilam city. These parameters are
defined below. LA | is the level exceeded for 10
% of the time and as such can be regarded as the
‘average maximum level. LA  is the ‘average
minimum level and is often used to describe the
background noise. Traffic noise index (TNI) is
an indicator that is calculated by combining LA |
and LA, . TNI was obtained from Eq. (1).

TNI=4 % (LA, ~ LA, )+ LA,, -30 (1)

Another indicator that used in this study was
noise pollution level (NPL). NPL is provided by
the U.S. Department of Housing and Urban De-
velopment (DHUD) for environmental noises.
Based on DHUD, the annoyance resulting from
noise exposure depends on the average sound
level and the sound source variability. NPL was
calculated from Eq. (2).

NPL=LA_+(LA,~LA,) )

In this study, all statistical analyzes were per-
formed using SPSS.

RESULTS AND DISCUSSION

Ilam with an area of 212804 ha has been located
in western parts of Iran and is the capital of [lam
province, with GPS coordinates of 33° 38’ N and
46° 26’ E. Ilam city is located in the cold moun-
tainous region at a height of 1319 m above mean
sea level. In this study noise measurement sta-
tions were somewhat homogenously distributed
in [lam city. The tests of noise measurement were
performed during the period from 9 February
2018 to 10 June 2018. The minimum measured
noise level in different areas of the Ilam city is
shown in Fig. 1. Fig. 2 and Fig. 3 show the maxi-
mum and average noise level in different areas
of Ilam city. Fig. 3 shows the average noise level
(LA, in different areas of Ilam city for four dif-
ferent hours of 9 AM, 12 PM, 18 PM and 21 PM.
Based on these figures, the highest noise level
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i1s observed in the areas of Saadi market, Imam
Khomeini street and nearby Mostafa Khomeini
hospital. The highest level of noise was observed
near the Mostafa Khomeini hospital at 69.8 dB at
18 PM.

Since the noise pollution was studied in different
days, it was also possible to compare the noise

highest noise pollution was measured in different
parts of the city (about 61 dB). The noise pollu-
tion was slightly reduced to 60 dB on Wednesday
and Thursday. The noise pollution was sharply
reduced to 55.8 dB on Friday. The level of TNI
and NPL in different areas of Ilam city are shown
in Table 3. According to this table, Arghan square

pollution on different days of a week (Fig. 4). The  at 18 PM has the highest TNI.
results showed that on Saturday and Tuesday, the

LAeq (dB)
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Fig. 4. Average of noise level (LA, ) in Ilam city during a week days

The average, minimum and maximum levels of
noise in various parts of Ilam city are shown in
Table 1. Also, in this table the amount of prob-
ability value (P, ) is shown to find whether
there is significance statistical difference and this
issue was checked by ANOVA test. In every com-
parison in which the amount of P was under
0.05 (level of test) the difference was statistically
significant among various hours. The results of
ANOVA test were reliable, because the normality
assumption was checked in each group indepen-

dently. It should be noted that in every ANOVA
test in which the statistical probability is under
0.05, the statistical difference was reported sig-
nificant while in the rest of comparisons in which
the statistical probability is higher than 0.05, the
difference reported non - significance. But despite
of non - significance differences there are some
visible source of differences that undoubtedly are
not deniable and the intensity of them was not so
high to make the whole test significance. In this
study the ANOVA test was shown statistically
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significance in some parts of Ilam such as: Ka-  permissible levels of noise in ambient air for
marbandi Shomali road, Emamkhomeini street, different areas are illustrated in Table 2. Based
Shadabad region, Nourouzabad region, Mostafa  on this table the amount of noise in most parts
Khomeini hospital, Chalehsara region, Tamirkari ~ of [lam were higher that the permissible level.
region and Razmandegan region. The maximum

Table 1. Weekly average, maximum and minimum of noise level in different areas of Ilam city for
four studied hours

Minimum (dB) Maximum (dB) Average (dB)

Areas 9 12 9 12 6 9 9 12 Pvaue

R e e R e e v RS AV R
Arghan square 559 521 569 632 701 709 764 723 646 628 689 69.0 0.125
Hijrat alley 552 529 501 529 632 598 593 613 599 564 573 576 0.165
Fatehan Mimak square ~ 61.2 623 654 639 729 743 749 734 688 690 699 69.0 0.947
Shahdah square 623  60.1 644 599 732 731 743 719 696 689 708 682 0.675
NonhemmK;marba“d‘ 567 521 501 513 632 617 624 602 60.1 563 584 545 0.019%
Haft Tir square 422 401 443 394 514 523 512 459 467 462 465 426 0095
Saadi market 664 656 678 634 732 743 748 733 70.1 708 727 699 0253

Imam Khomeini street  69.2 682 692 682 76.1 753 764 714 734 72.2 73.6 70.1 0.023*
Shadabad region 399 387 428 389 482 494 512 471 451 46.1 47.7 423 0.030*
Shadabad region 63.7 61.8 623 521 70.1 69.7 704 66.7 674 66.7 68.0 59.7 0.000*

Mostafa Khomeini o o o7 608 677 751 767 754 712 722 730 724 693 0.019%

hospital
Besharat avenue 49.7 478 499 442 602 602 599 56.7 55.6 54.5 542  50.8 0.232
Chaloosa region 592 543 598 586 648 692 70.1 645 622 64.9 66.8 61.6 0.036*
Chalimar region 496 473 451 443 566 556 599 567 525 51.9 51.7 51.8 0981
Daneshjoo Blvd. 563 526 556 501 68.1 682 67.7 544 o647 63.2 643 524  0.000

Tamirkari region 622 445 612 512  69.1 68.6 693 651 663 62.8 669 58.6 0.021*

Razmandegan region 556 513 498 502 621 60.6 614 59.7 59.1 553 574 5377 0.023*
Shahid Beheshti street 452 412 453 409 524 556 523 468 477 474 475 439 0.113

The sign of * means that there is a significant difference with 95 % confidence.

Table 2. The maximum permissible level of noise in ambient air of Iran20] ]

Type of area Day (7 AM to 10 PM) Night (10 PM to 7 AM)
LA (30 min) dB(A) LA (30 min) dB(A)
Residential areas 55 45
Residential and commercial areas 60 50
Commercial areas 65 55
Residential and industrial areas 70 60
Industrial areas 75 65
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Table 3. The level of NPL and TNI in different areas of Ilam city

N TNI NPL
rea
9AM 12AM 6PM  9PM 9 AM 12 AM 6 PM 9 PM
Arghan square 82.7 97.3 104.9 69.6 78.8 81.6 8.4 78.1
Hijrat alley 572 50.5 56.9 56.5 67.9 63.3 66.5 66.0
Fatehan Mimak 78 803 734 719 80.5 81.0 79.4 78.5
square
Shahdah square 75.9 82.1 74 77.9 80.5 81.9 80.7 80.2
Northern 527 60.5 69.3 56.9 66.6 65.9 70.7 63.4
Kamarbandi road
Haft Tir square 49 58.9 41.9 35.4 55.9 58.4 53.4 49.1
Saadi market 63.6 70.4 65.8 73 76.9 79.5 79.7 79.8
e LSeirasin 66.8 66.6 68 51 80.3 79.3 80.8 73.3
street
Shadabad region 43.1 51.5 46.4 41.7 53.4 56.8 56.1 50.5
Shadabad region ~ 59.3 63.4 64.7 80.5 73.8 74.6 76.1 74.3
Mostafa Khomeini o5 ;= 44 5 62.2 51.7 78.4 81.0 78.0 72.8
hospital
Besharat avenue 61.7 67.4 59.9 64.2 66.1 66.9 64.2 63.3
Chaloosa region 51.6 83.9 71 52.2 67.8 79.8 77.1 67.5
Chalimar region 47.6 50.5 74.3 63.9 59.5 60.2 66.5 64.2
Daneshjoo Blvd.  73.5 85 74 37.3 76.5 78.8 76.4 56.7
Tamirkari region 59.8 110.9 63.6 76.8 73.2 86.9 75.0 72.5
Razmandegan 51.6 58.5 66.2 58.2 65.6 64.6 69.0 63.2
region
PLELGHERIEIE 68.8 433 345 54.9 61.8 54.5 49.8
Street

Ilam’s noise pollution maps for different times
are illustrated in Fig. 5 to Fig. 8. Based on these
maps, the eastern parts of the city have had the
highest noise pollution. The reason for the high
level of noise pollution in the eastern parts of the
city can be related to a large number of stores and
vehicles that are in this part of city.

CONCLUSION

The noise pollution in Ilam city was investigated
in this study. The eastern areas of Ilam city had
the highest noise pollution due to a large number
of vehicles that were traveled through the streets.
The highest noise pollution in Ilam city was mea-
sured on Saturday and Tuesday (about 61 dB).
The noise pollution was slightly reduced to 60 dB
On Wednesday and Thursday and it was sharply
reduced to 55.8 dB on Friday. In the most areas

of Ilam city the noise pollution was more than
maximum permissible level. Therefore, this city
needs to develop a plan for noise management.
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