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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.

Keywords: TNT, bioaugmentation, biostimulation, phytoremediation, microbial community.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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arrangement of the roads and the traffic flow in a scien-
tific manner. Today, the method of benefiting from noise 
maps for supply of statistical data about areas which are 
exposed to road noise is frequently applied in determina-
tion of necessary noise measures and development of ef-
fective solutions against noise. Noise maps, which offer the 
possibility to make predictions regarding the future, are 
considered a highly useful tool in planning urban develop-
ment zones and determining the correct routes and loca-
tions for roads and other urban noise sources (Ibbeken, 
Krüger 2013).

Strategic noise maps are now required in the Eu-
ropean Union for all population centres of more than 
250,000 inhabitants, as well as for major roads, railways, 
and airports, and are becoming required for urban areas 
with over 100,000 people (END 2002). Debates surround-
ing environmental noise pollution with a particular focus 
on the European Union are gaining importance. Environ-
mental noise pollution is an emerging public policy and 
environmental concern and is considered to be one of the 
most important environmental stressors affecting public 
health throughout the world. (Licitra 2013; Murphy, King 
2014) In respect of noise mapping and action plans, there 
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abstract.  İstanbul is the most prominent Turkish city in terms of the gradually worsening noise problems associated with 
the rapid increase in population. This study aims to investigate the noise exposure in the settlements around the link roads 
connecting the Bosporus Bridge to the European side of the city by the aid of simulations and noise mapping, in the frame 
of action planning studies performed in İstanbul. Noise maps were generated for Lden and Ln noise indicators with the help 
of a noise mapping software. Since a considerable part of the settlements is exposed to high noise levels, a noise barrier 
alongside the link road was proposed as a control measure by the aid of the acoustic simulation. Simulations with the noise 
barriers suggest that for the Lden time interval the noise affected area over 55 dBA would reduce by 10%, the number of 
dwellings by 26% and the number of inhabitants by 25%, whereas for the Ln time interval the noise affected area over 
45 dBA would reduce by 5%, the number of dwellings by 20% and the number of inhabitants by 20%. 

Keywords: Bosporus Bridge, noise pollution, noise mapping, noise mitigation, noise barriers, noise indicators.

Introduction

Noise is an important environmental pollution factor that 
should be dealt seriously in accordance with the noise 
control strategies in order to mitigate it to the acceptable 
levels in the noise sensitive urban areas. Noise mitigation 
studies should be initially considered at the urban plan-
ning stage. Noise sources with different levels and charac-
teristics and their location regarding the noise sensitive ar-
eas in the city are important decision factors at this stage.  

In order of importance, measures for noise control 
should be taken first of all at the source, then between the 
source and the receiver, and finally at the receiver. While 
noise control measures are most effective and economic at 
the source, when this is not possible or sufficient, it may 
become important to implement other measures between 
the source and the receiver. In mitigation of urban noise, 
control of the noise generated by traffic flow on roads be-
comes crucial, since roads cover the city as a pervasive 
web and tend to affect noise sensitive urban areas. Thus, 
measures taken on the path of noise propagation, such 
as the use of noise barriers and improvement of build-
ing envelopes against noise are needed in addition to the 
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are many studies which may be taken as a model for the 
implementation of the Environmental Noise Directive 
in European countries and the utilization of noise maps 
(Blanes Guardia, Nugent 2013; Braunstein 2013; Ramírez, 
Domínguez 2013; Tracz, Wozniak 2013; Seong et al. 2011; 
King, Rice 2009).

In European countries, where related works still con-
tinue, 2nd phase of the studies were completed in 2012. As 
a European Union candidate country, Turkey made legal 
arrangements on the issue as well, and the national legis-
lation for environmental noise management were revised. 
The Regulation on Environmental Noise Assessment and 
Management (RENAM 2010) which was prepared in har-
mony with the relevant European Directive (Directive 
2002/49/EC), was published in the Official Journal of Tur-
key and put into force in July of 2005 and revised in 2010. 
The European Directive and the corresponding Turkish 
Regulation require noise mapping studies to be conducted 
for the evaluation of noise environment in urban areas. 
As the initial stage, RENAM stipulated the generation of 
noise maps until 31th of December, 2016 and develop-
ment of related action plans until 31th of December, 2017 
for settlements of more than 250,000 inhabitants, for ma-
jor roads with annual traffic volume exceeding 6,000,000 
motor-vehicles, for major railroads with annual traffic vol-
ume exceeding 60,000 trains and for major airports having 
more than 50,000 flights a year. 

The European Commission has assigned a twinning 
project concerning the implementation of the Directive 
2002/49/EC in Turkey to the Turkish Ministry of Envi-
ronment and Forestry and the German Federal Ministry 
of Environment, Nature Conservation and Nuclear safety. 
Accordingly, noise maps and action plans have been devel-
oped for five pilot areas located in five major Turkish cities 
(Adana, Ankara, Bursa, İstanbul and İzmir) (Irmer et al. 
2007).  In another EU-supported project (Technical As-
sistance Project for Implementation Capacity for the Envi-
ronmental Noise Directive), which addresses various noise 
sources in fourteen Turkish municipalities, noise mapping 
studies have been realized (Ministry of Environment and 
Urban Planning of Turkey 2015). The main purpose of the 
project is to strengthen the capacity of the stakeholders 
(Ministry of Environment and Urbanization, other minis-
tries and relevant offices of municipalities) taking part in 
the field of noise management. As a leading research insti-
tution of Turkey, TUBITAK (Scientific and Technological 
Research Council of Turkey) has completed the generation 
of city noise maps for several cities. The institution also 
prepared noise maps for 13 Turkish airports and carries 
on related studies for 26 additional airports (TÜBİTAK 
MAM 2015; Özkurt et al. 2014; Sarı et al. 2014). 

According to the European Union Directive 
2002/49/EC, acceptable noise levels for settlements are 
55 dBA for the whole day average including day, evening 

and night time intervals (Lden), and 45 dBA for the night 
time interval (Lnight). It usually requires special measures 
to meet these acceptable levels in areas located around 
busy major roads. The purpose of this study is to exem-
plify the noise reduction potential of noise barriers, which 
may play an important role within the scope of environ-
mental noise action plans, through a practical work car-
ried out on access roads of the Bosporus Bridge. As a vital 
link between the European and Asian sides of Istanbul, the 
Bosporus Bridge has experienced an enormous increase 
of traffic density since its construction in 1973 (Fig. 1). In 
the practical study conducted for the area around the via-
duct which serves as the European side connection of the 
bridge, noise maps were generated for the current situa-
tion by use of a simulation software and accuracy of the 
maps were validated through comparisons with the results 
of actual noise measurements. Afterwards, noise level re-
ductions that can be obtained with the implementation of 
noise barriers were modelled on the noise maps and the 
results were evaluated by making comparisons with the 
current situation. 

1. Methodology

The study was conducted in the following steps:
 – Collection of data about the study area the road 
traffic.

 – Generation of grid noise maps and statistical noi-
se maps for the Lden (day-evening-night) and Ln 
(night) (23.00–07.00) time intervals, for the cur-
rent situation.

 – Validation of the accuracy of noise maps through 
comparisons with the results of actual noise mea-
surements.

 – Generation of grid noise maps and statistical noise 
maps for the Lden and Ln time intervals, this time 
with the addition of noise barriers to the model.

 – Comparative evaluation of the data for the current 
situation and the model with noise barriers.

Fig. 1. General view of settlements around of the Bosporus 
Bridge in European side of İstanbul (wallpaperup 2014)
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1.1. collection of data about the study  
area and the road traffic

Noise maps were generated in the SoundPLAN 7.3 simu-
lation software (Braustain+Berndt GMBH 2006) for an 
area of approximately 3.5 km2 in order to reveal the noise 
problem experienced in the area in detail. For being able 
to generate accurate noise maps in the software, topog-
raphy of the study area is required to be modeled as a 
beginning. Ready-to-use actual maps of the study area 
at the scale of 1/1000 were provided by the Metropoli-
tan Municipality of Istanbul in the digital environment. 
Digital maps which were prepared in the UTM coordi-
nate system and contained necessary data regarding el-
evation (x, y, z [height]) and the building information 
system (building use, number of floors, etc.) were loaded 
in the SoundPLAN 7.3 software. In order for the build-
ings in the area to be defined in the software, various 
formal and dimensional information including building 
height, number of floors and floor height, and other in-
formation including number of habitants were entered 
in the software for each building. Since the actual maps 
did not contain population data, total population of the 
area was equally distributed between the buildings, based 
on the data provided by the Turkish Statistical Institute 
(TUIK 2014).

For the purposes of simulation, prevailing and sec-
ondary winds observed in Istanbul were defined to be 
NNE and SSW respectively (Windfinder 2014); average 
temperature for the whole year was defined to be 15 °C 
and average relative humidity was defined to be 70%. The 
sound absorption value (G) defined for the green fields 
in the study area was 0.6 as specified in the ISO 9613 
standard (ISO 9613-2 1996).

Trucks, semi-trailers and other similar heavy ve-
hicles are not allowed to use the Bosporus Bridge. Thus, 
heavy vehicle use of the bridge is limited to urban mass 
transportation means including busses and metro-bus-
ses. Latest data related to traffic volume on the bridge 
were released in 2012. However, 2012 was the year when 
the heavy vehicle traffic between two sides of the city was 
directed to the Bosporus Bridge during the evening and 
night time intervals, because the second bridge which is 
normally handling heavy vehicle traffic was temporarily 
put under maintenance works. For this reason, data for 
the year 2011 were preferred to be used in the study in-
stead of the year 2012, and necessary updates were made 
on the data based on actual observations. Total number 
of vehicles passages on the bridge throughout the year 
2011 was approximately 68,500,000 (Turkish Admin-
istration Privatization 2011). Table 1 shows the results 
of the observations which were carried out to provide 
up-to-date data regarding the number of vehicles using 
the bridge during certain hours of the day, evening and 

night time intervals in 2014. Since the traffic volume on 
the bridge does not differ significantly for monthly or 
daily variations, results of the observation in May 2014 
were considered suitable for the purposes of the study. 
In addition, average traffic speed data were determined 
by performing experimental drives on the bridge. Traffic 
data of other primary and secondary roads in the area 
were also taken into account during the generation of 
noise maps.

In the preparation of noise maps, the NMPB Routes 
96 (Guide de Bruit) standard was applied as the method 
of calculation, as recommended in the European Union 
Directive. Calculations were performed at a height of 
4 m above ground and at grid dimensions of 10×10 m as 
specified in the same Directive.  

Table 1. Traffic data for the Bosporus Bridge

Time 
inter-

val
Hours

Light 
vehicles 

per 
hour

Heavy 
vehicles 

per 
hour

Light 
vehicle 
speed 
(km/s)

Heavy 
vehicle 
speed 
(km/s)

Pro por-
tion of 
heavy 

vehicles 
(%)

Day 17.00–
18.00 9475 225 50 50 2.4

Eve-
ning

19.00–
20.00 11 500 240 50 50 2.0

Night 04.00–
05.00 3500 45 80 70 1.3

2. determination of noise exposure  
in the current situation

In Figure 2 and Figure 3, the grid noise map and sta-
tistical noise map for the Lden noise indicator are given 
for the current situation experienced in the area around 
the Bosporus Bridge link road. When the maps are re-
viewed, three main areas of dense settlements, which 
mainly consist of dwellings, are seen to be significantly 
affected by traffic noise. Level of noise affecting those 
areas are found to exceed 80 dBA for Lden and 70 dBA 
for Ln. The areas mostly affected by traffic noise are the 
settlements located on the ridges, as a result of the hilly 
terrain. In addition, dwellings around the Beşiktaş junc-
tion are seen to be under the effect of high noise levels. 
When it is remembered that the acceptable noise level is 
45 dBA for the night time and 55 dBA for the day time, 
the whole population living in the area is understood to 
be exposed to unacceptable levels of noise. According 
to the statistical data given in Table 2 and based on the 
daily average figures, the number of inhabitants being 
subject to a noise level over 55 dBA during the day time 
is 16,550, while the number of inhabitants being subject 
to a noise level over 45 dBA during the night time is 
22,110.
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Fig. 2. Current situation noise map of the Bosporus Bridge link road for the day-evening-
night average (Lden)

Fig. 3. Current situation statistical noise map for the day-evening-night average (Lden)

Table 2. Statistical values of exceeded noise levels in Lden and Ln for the current situation

Time interval Lden (day, evening, night average) Ln (night)

Noise level >55 dBA >65 dBA >75 dBA >45 dBA >55 dBA >65 dBA

Affected area 
(km2) 2.246 0.457 0.120 2.501 0.845 0.161

Affected number 
of dwellings 4200 761 87 5900 1410 210

Affected number 
of inhabitants 16 550 2689 209 22 110 5755 500
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for the whole day. Measurement points of measurements 
are seen in Figure 4. All measurements were performed 
in accordance with the ISO 1996-1 standard (ISO 1996-1 
2003) in A-weighting by use of Brüel&Kjær Type 2236 and 
Type 2258 sound level meters. Devices were placed to a 
height of 1.5 m above ground, at least 2 m away from any 
surface in order to eliminate the possibility of reflection, 
and windscreens were installed to the microphones. The 
results obtained through 15 minutes measurements and 
the data regarding number of vehicles are given in Table 3. 
On the other hand, spectral distribution of the noise mea-
sured for day time interval can be found in Figure 5 for 
the eight octave bands between 63 Hz and 8000 Hz. 

According to the observations of Maruyama et  al., 
when the number of vehicles exceeds 170, uncertainty in-
dication ΔLAeqT must be defined to be ±1 dB, indepen-
dent from the time of measurement. In our study, number 
of vehicles passing was higher than 170 at all measure-
ment points, hence the level of noise emitted from the 

3. noise measurements and validation of the model

For realistic generation of noise maps, various data includ-
ing topography of the study area, formal and dimensional 
properties of buildings, type of ground cover and proper-
ties of noise sources (parameters such as vehicle density 
and percentage of heavy vehicles and variation of traffic 
density in time for road noise) must be defined in the 
most accurate way possible in the simulation software. 
The most suitable method for validating the accuracy of a 
noise map is to carry out actual noise measurements and 
compare the actual results with the values calculated by 
the simulation. In our study, noise level measurements 
were performed at ten different points during both day 
and night time intervals for this purpose. Since the level 
of noise tends to decrease with higher densities of traffic 
due to the decrease in average vehicle speed, the measure-
ments were carried out for day and night time intervals 
between the hours 11:00–13:00 and 24:00–02:00 respec-
tively, when the measured noise levels rise to peak points 

Fig. 4. Google Earth view of the European side link road of the 
Bosporus Bridge (2015) and noise measurement points

Table 3. Noise measurement results and number of vehicles

Mea sure-
ment time Statistical evalua tion

Measurement points
1 2 3 4 5 6 7 8 9 10

D
ay

 ti
m

e 
(fo

r 1
5 

m
in

ut
es

)

LAeq 75.5 74.5 68.7 63.7 70.2 67.5 73.1 70.5 60.8 72.7
dBC 80.4 79.7 80.0 71.2 75.6 75.1 77.6 78.3 68.5 78.1
LC – LA 4.9 5.2 7.9 7.5 5.4 7.6 4.5 7.8 7.7 5.4
Number of vehicles 2521 2451 2425 2356 2468 2471 2418 2436 2423 2476
Heavy vehicles 45 44 64 69 50 61 48 54 58 49
Heavy vehicle (%)  1.75 1.76 2.57 2.85 1.99 2.41 1.95 2.17 2.34 1.94

N
ig

ht
 ti

m
e 

(fo
r 1

5 
m

in
ut

es
)

LAeq 71.3 69.6 65.7 58.7 63.2 64.5 69.2 61.5 57.8 64.5
dBC 73.4 72.2 70.1 62.6 66.4 69.0 71.4 66.3 63.6 67.4
LC – LA 2.1 2.6 4.4 3.9 3.2 4.5 2.2 4.8 5.8 2.9
Number of vehicles 915 904 887 856 882 876 918 845 847 897
Heavy vehicles 6 8 12 15 14 16 7 9 21 8
Heavy vehicle (%)  0.65 0.88 1.33 1.72 1.56 1.79 0.76 1.05 2.42 0.88

Fig. 5. Octave band noise levels measured on the European side 
link road of the Bosporus Bridge
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road can be accepted to be between 60.8 and 75.5 dBA 
with an approximation of ±1 dB (Maruyama et al. 2012; 
Garg, Maji 2014).  

Viaducts and bridges are known to be subject to vi-
bration during the passage of vehicles because of their 
separate decks sitting on piers, which may cause signifi-
cant increases on the level of low frequency noise. Vehicle 
number counting studies reveal a heavy vehicle propor-
tion of 1.3–2.4% on the Bosporus Bridge. However, this 
figure does not consist of heavy trucks of semi-trailers, 
which may cause high amplitude vibration of the bridge 
deck and create dominant low frequency noise as a result, 
but of busses, metro-busses and smaller trucks. As can be 
seen in Table 3, Lc – LA values vary between 4.5–7.9 dB for 
Lden and between 2.1–5.8 dB for Ln time intervals. Since 
the Lc – LA value is lower than 8 dB at all measurement 
points, it can be foreseen that any significant disturbance 
will not be experienced in the area in terms of low fre-
quencies, when noise barriers are installed on the bridge 
(Ascari et al.  2015). 

For the purpose of validation of the noise maps gen-
erated, single point receiver calculations were performed 
by the software for the Ld and Ln time intervals for the 
actual measurement points, at an elevation of 1.5 m above 
ground and with different distances to the highway. Re-
sults of the calculations made by the SoundPLAN 7.3 
software are given in Table 4, together with the results of 
actual measurements. For day time interval the measured 
noise levels vary between 60.8–75.5 dBA with a standard 
deviation of 4.70, while for night time interval between 
57.8–71.3 dBA with a standard deviation of 4.53. The dif-
ferences between the calculated and measured levels vary 
for day time interval between (–0.3)–(1.4) dB according to 
the measurement point with a standard deviation of 1.08, 
while for night time interval between (–0.3)–(1.5) dB with 
a standard deviation of 0.93. The calculated levels are in 
good agreement with the measured levels for both time 
intervals, since the differences between measured and cal-
culated levels are sufficiently small. 

According to the Good Practice Guide for Strategic 
Noise Mapping and the Production of Associated Data on 
Noise Exposure (WG-AEN 2006), the difference between 
actual measurement results and the figures presented by 
the model must not exceed 1 dB in a distance of 300 m 
from the source, 3 dB in a distance of 600 m from the 
source and 10 dB in a distance of 2,000–3,000 m from 
the source. As can be seen in Table 4, highest difference 
between measured and calculated noise levels is 1.5 dBA, 
which easily validates the reliability of the results present-
ed by the simulation. 

4. determination of noise exposure after the addition 
of noise barriers to the model

In order to propose a solution for the negative effects of 
noise on the settlements located around the Bosporus 
Bridge link road, noise barriers were virtually designed 
for both sides of the road and additional noise maps were 
generated for the new scenario with noise barriers. The at-
tributes of the designed noise barriers are as follows: 

− According to the simulations the length of the noise 
barriers should be 900 m. from the joining point 
of the bridge on the European side to the junction 
point of the roads in order to protect the settlement 
zones from noise.

− Noise level decrease for 2 m, 3 m and 4 m high bar-
riers have been calculated, nevertheless 4 m high 
barrier was not significantly efficient as compared 
to others with very small gains in noise level de-
crease. Thus, 3 m high barrier was chosen for noise 
mapping process.  

− In order to minimize the over-height visual effect 
of the barrier and increase the barrier effectiveness, 
the barriers were designed as; the lower 2 m verti-
cal part made of opaque materials and the upper 1 
m transparent part slopped 10° to the road side.  

− In order to minimize the reflections the lower part 
of the barrier facing the road side was designed 
sound absorbent (load bearing structure + sound 

Table 4. Noise measurement data and calculation statistics

Mea-
sure-
ment 
time

Statistical 
evaluations Measured and calculated levels Stan-

dard
devia-
tion

Measurement points 1 2 3 4 5 6 7 8 9 10
approx. distance to 

the highway (m) 11 14 18 60 12 22 2 2 70 8

Day
11:00 – 
13:00

Measured LAeq 75.5 74.5 68.7 63.7 70.2 67.5 73.1 70.5 60.8 72.7 4.70
Calculated LAeq 74.8 74.1 70.0 62.8 71.3 68.5 72.0 69.1 59.7 73.0 4.86
Difference 0.7 0.4 –1.3 0.9 –0.9 –1.0 1.1 1.4 1.1 –0.3 1.08

Night
24:00 – 
02:00

Measured LAeq 71.3 69.6 65.7 58.7 63.2 64.2 69.2 61.5 57.8 64.5 4.53
Calculated LAeq 71.8 68.8 65.0 57.5 63.5 62.7 70.3 62.3 57.2 64.0 4.91
Difference –0.5 0.8 0.7 1.2 –0.3 1.5 –1.1 –0.8 0.6 0.5 0.93
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absorbing materials + perforated metal plates) and 
the upper part slopped.   

− The mass of the lower part of the barrier should be 
nearly 24 kg/m2 for sufficient high sound transmis-
sion loss.  

Figure 6 and Figure 7 show the grid noise map and 
statistical noise map generated for Lden noise indicator af-
ter the implementation of the noise barrier in the software.

Table 5 shows the values of noise exposure for the 
day-evening-night and night time intervals in terms of 

Fig. 6. Bosporus Bridge link road noise map for the day-evening-night average (Lden) 
with noise barriers

Fig. 7. Statistical noise map for the day-evening-night average (Lden) with noise 
barriers

Table 5. Noise exposure values for Lden and Ln time intervals with noise barrier 

Time interval Lden (day, evening, night average) Ln (night)

Noise level >55 dBA >65 dBA >75 dBA >45 dBA >55 dBA >65 dBA
Affected area (km2) 2.030 0.329 0.104 2.377 0.587 0.133
Affected number of dwellings 3087 466 35 4708 905 112
Affected number of inhabitants 12 450 1770 121 18 116 3705 205
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affected area, number of dwellings and number of inhab-
itants, based on the data provided by the statistical noise 
maps generated with noise barriers.

conclusions

1.  Figure 8 shows the noise reduction obtained with the 
addition of noise barriers to the model, in comparison 
with the current situation without any barrier. Lower el-
evation of the section on the south-western side of the 
bridge is understood to enhance the effectiveness of bar-
riers. In this section, the reduction provided by noise 
barriers falls below 2 dB after an approximate distance of 
500 m from the bridge. On the other hand, on the north-
eastern side of the bridge, which has a higher elevation 
than the bridge, effective range of noise barriers is seen to 
be limited to around 250 m. When the area is evaluated 
as a whole, many buildings are found to benefit from a 
reduction of noise between 2 and 4 dBA, certain regions 
are seen to obtain higher reductions as a result of their 
favourable topographic and settlement conditions, and the 
level of noise effecting a small plot close to the bridge is 
seen to be up to 14 dBA lower than the current situation 
without barriers.

2. Figure 9 and 10 reveal exposure conditions of the 
area in terms of affected area, dwellings and inhabitants 
in the Lden and Ln time intervals, with and without noise 
barriers. These two graphs indicate changes in the affected 
parameters in terms of the area, dwelling and popula-
tion. Since the affected noise levels before and after bar-
rier states can be assessed by using these different types of 
parameters, they have been shown on individual graphs 
for the Lden and Ln noise indicators in order to easy the 
comparison between them. 

Fig. 8. Reduction in the level of exposure obtained with the addition of noise barriers 
to the model

Fig. 9. Changes in figures of affected area-dwellings-habitants 
in the day-evening-night (Lden) time interval with the addition 
of noise barriers to the model. (e.g. number of dwellings 
exposed to noise before barrier over 65 dBA is calculated 
approx. by 0.8*1000 = 800)

Fig. 10. Changes in numbers of affected area-dwellings-
habitants in the night (Ln) time interval with the addition of 
noise barriers to the model. (e.g. number of dwellings exposed 
to noise before barrier over 55 dBA is calculated approx. by 
1.4*1000 = 1400)
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When the graphs in Figure 9 and 10  are reviewed, 
it is seen that construction of the proposed noise barrier 
can provide a certain amount of improvement in terms of 
the amount of area, number of dwellings and inhabitants 
being exposed to excessive noise levels. When a threshold 
exposure value for Lden is considered as 55 dBA, number 
of inhabitants being exposed to excessive noise levels can 
be reduced by 25%, from 16,550 to 12,450, by the aid of 
the noise barrier. When the same comparison is made for 
a threshold exposure value of 65 dBA, number of inhabit-
ants affected can be reduced by 35%, from 2,689 to 1,770. 
For the threshold value of 75 dBA, reduction reaches to 
42%, with the number of inhabitants affected decreasing 
from 209 to 121. At the night time interval, the number of 
dwellings being exposed to noise can be reduced by 19% 
for the 45 dBA threshold, 35% for the 55 dBA threshold 
and 59% for the 65 dBA threshold.

3. Simulations with the noise barriers suggest that the 
number of people in the acceptable noise exposure area 
would increase as to cover 4100 people more than before 
barrier; considering the acceptable noise levels for Lden and 
Ln indicators determined as 55 dBA and 45 dBA respec-
tively.       

4. According to the simulations made it is obvious 
that the barrier efficiency, which is determined by the de-
gree of the noise level decrease, is significantly influenced 
by the topography and vegetation; for instance at the up-
per parts of the sloped hills the decrease in noise levels 
due to the barrier gets smaller in accordance with the di-
minishing acoustic shadow effect of the barrier.     

5. It is well known that low frequency components of 
noise enhance with the addition of the noise barriers on 
the edges of the viaduct, especially vibrations caused by 
heavy vehicles are effective. In order to avoid this undesir-
able effect the noise barriers to be placed on the viaduct 
should be constructed by using structure components not 
too heavy but rigid (Monazzam, Nassiri 2009; Monazzam 
2009). That is one of the reasons why the noise barrier 
was not designed homogenous in this study, instead from 
two different components; one is opaque and the other is 
transparent.      

6. As seen in most cities of the world, inhabitants in 
Turkey spend most of their time under exposure to unac-
ceptable levels of noise. For being able to create desirable 
acoustic environments, many further studies similar to the 
one exemplified in this paper must be conducted at higher 
levels of detail, and action plans must be carried into prac-
tice based on the results.

7. Many Turkish cities do not have maps in GIS for-
mat, while a significant proportion of existing maps can 
only provide inadequate or outdated data. Inadequacy of 
data in terms of noise sources is another important prob-
lem encountered in the course of noise mapping studies. 

8. Accordingly, municipalities being in the first place, 
many institutions and organizations in Turkey continue 
their efforts towards filling the gap of available data. It is 
thought that noise mapping and action planning works 
can be performed much more rapidly when these impor-
tant priorities are met.
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