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1 Introduction 

 
A large number of cars, vans, trucks and buses transport people and goods on the road 

transport infrastructure. Despite the shift to electric vehicles in recent years, most vehicles in the EU 
still rely on petrol and diesel, which emit air pollutants that harm our health and greenhouse gas 
emissions that contribute to climate change. Transport contributes to around a quarter of greenhouse 
gas emissions in the EU. Three quarters of them come from road transport. Noise pollution is also a 
serious and often underreported impact on the health of people who live or work near major roads. In 
addition, our roads are increasingly frequented and overcrowded. The transport sector's transition to 
sustainability is hampered by the increasing demand for transport and the slow growth of sustainable 
modes of transport for moving both people and cargo [1, 2]. 

In general, the outdoor environment around residential buildings is perceived more intensely by 
several modalities, including sight, smell, sound and touch [3]. In general, residents of residential 
areas consider anthropogenic noise to be the most disturbing emissions limiting environmental quality 
[4–6]. The continued expansion of urban areas, highways, and airports worldwide has made 
anthropogenic noise almost ubiquitous. Road traffic noise is perceived by the public as one of the 
most disturbing types of anthropogenic noise, with negative effects on public health, including 
annoyance, decreased mental health, hypertension, and increased risk of myocardial infarction [7]. In 
EU countries, noise has become a scientific and political topic over the past two decades. In recent 
years, several European research projects have also addressed the issue of road traffic noise, 
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including SILVIA (Sustainable Road Surfaces for Traffic Noise Control) [8], SPENS (Sustainable 
Pavements for European New member States) [9].  

Road transport is also a source of exhaust and non-exhaust emissions of particulate matter 
(PM). Non-exhaust PM emissions include wear of road surfaces, tires, brakes and resuspension of 
road dust [10–16]. An important part of PM in urban air is made up of particles that are created by the 
resuspension of road dust [14, 17]. In many European countries, it is a problem to comply with the limit 
values for PM10 and PM2.5 in cities. PM can come from natural sources, regional anthropogenic 
sources, long-range transport and local anthropogenic sources. PM is health-limiting due to its size 
and chemical composition (organic and elemental carbon, mineral dust, marine aerosol, secondary 
particles, especially sulfates and nitrates, heavy metals and other substances) [18–20].  

The regional background in cities is increased by road traffic, especially diesel engines, local 
industry and heating, resuspension of particles from streets, and other sources. The toxicity of 
particles generally increases with their decreasing size. 

Furthermore, road transport is responsible for the production of greenhouse gases (GHG ) that 
contribute to climate change worldwide. Road transport is the largest contributor to transport GHG  
emissions, accounting for 73.2% in 2022 (and 21.1% of all EU-27 GHG emissions in the same year). 
The road sector’s contribution to transport emissions varied very little in the 1990-2022 period. 
Passenger cars are responsible for more than 75% of transport activity in Europe (measured in 
passenger kilometres). This activity has increased significantly in the last 26 years, peaking in 2019 
and already recovering in 2021 after a decline following the COVID-19 pandemic. While public 
transport offers a more sustainable profile compared to private modes of transport, its share in total 
passenger transport has changed very little. Passenger cars are still the preferred mode of transport, 
and their number has increased in recent years [1, 2]. 

A major problem is the unsustainable increase in the number of vehicles on the roads, which is 
causing gradual damage to all parts of the environment [21]. 

Recently, the staff of the Department of Highway and Environmental Engineering of the Faculty 
of Civil Engineering of the University of Žilina have been paying significant attention to the contextual 
design of roads, including their intersections and environmental and economic optimization [22–24].  

As part of this research, an analysis of the impact of the reconstruction of the intersection on the 
noise and air pollution in its surroundings was carried out. Attention was paid to the assessment of the 
environmental impacts of road traffic on the external environment of the intersection in Košťany nad 
Turcom, which affects the public health of the residents of its surroundings. Public health is the level of 
health of a society, which corresponds to the level of health care provided, health protection and 
support, and the economic level of a society. Environmental and working environment factors harmful 
to health are physical, chemical and biological factors that, according to current scientific knowledge, 
cause or may cause health disorders, and factors burdening the human body resulting from living 
conditions that adversely affect the physiological and psychological functions of people.  

The existing PK and the proposed TOK, which could be built, were analyzed. The analysis was 
carried out using the CadnaA program, where the PK and TOK variant was modelled. Noise emissions 
and air pollutants (PM10, NOx) produced by road transport were assessed. 

The main objective of this research was to identify possibilities for reducing environmental 
impacts from road transport (noise, air pollutants) in the vicinity of the proposed TOK compared to PK. 
Changes in transport infrastructure may in some cases lead to changes in noise production and 
emissions from road transport [25, 26]. A positive change was found in a study regarding noise 
production in urban environments [24]  and a study on the change in PM10 and PM2.5 concentrations 
around a new roundabout in an urban environment [27].  Given some of the conditions characterizing 
the location analyzed in this study (traffic flow character, spatial layout of the intersection), the 
reduction of environmental noise and emissions by constructing a TOK may not be so clear-cut. 

 
2 Methodology 
 
2.1 Intersection location 
 

The village of Košťany nad Turcom is located south of the district town of Martin at a distance of 
approximately 3.0 km. The middle of the built-up area in the north-south direction is crossed by the I. 
class road I/65 (Martin – Turčianske Teplice – Žiar nad Hronom), which is included in the network of 
expressways as part of the R3 route (Šahy - Zvolen - Martin - Trstená alt. Zvolen - B. Bystrica - T. 
Teplice). The I/65 road in this section is included in the basic network of Multimodal corridors “TEN-T”. 
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This I. class road connects the village to the D1 highway - the superior road network, the main 
transport corridor Bratislava - Žilina - Košice - Ukraine (Fig. 2.1). 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Fig. 2.1: Location of the investigated intersection in the village of Košťany nad Turcom 
 

The basic communication system of the village consists of the aforementioned road I/65, road 
III/2141 in the direction Košťany – Žabokreky – Belá-Dulice and road III/2143 in the direction Košťany 
– Turčiansky Peter – Trebostovo, which are connected by an intersection at a level railway crossing. 

The intersection of roads I/65, III/2141 and III/2143 is located in the wider center of the village, 
under the number 2633A011 at km 117.25 of road I/65 (Fig. 2.2).  
 

 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. 2.2: Schematic representation of PK 
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The potential change should be in the layout of this intersection and a TOK should be created 
(Fig. 2.3). This type of intersection was created in the Netherlands in 1998, where it replaced the 
standard two-lane roundabout. The great advantage is their higher performance and road safety, 
ensured mainly by lower speeds (20-40 km/h), simplified traffic situation with only right turns and a 
significantly lower number of collision points. Compared to a classic two-lane roundabout, the increase 
in performance is estimated at 25 to 35% [28].   
 

 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 2.3: Schematic representation of TOK 
 

The proper functioning of the TOK assumes the division of vehicles into lanes for individual 
directions (destinations) of travel before the intersection. Vehicles in the intersection move along the 
spiral-guided lanes of the circular roadway, which ensure smooth passage through the intersection 
without the need to change lanes, eliminating interweaving on the circular roadway and cross collision 
points at the exit. 

The main reason for the possible reconstruction is the construction of a capacity-compliant 
intersection. The proposed solution considers the construction of a two-lane basic standard TOK (Fig. 
2.3). 

For spatial reasons (proximity to the railway line and railway crossing on branch III/2143), the 
intersection in question will be offset from the existing state in a southerly direction along road III/2141. 

 
2.2 Road traffic survey 
 

In order to obtain traffic engineering data, a 24-hour video camera directional traffic survey of 
the intersection was carried out on 22.02. – 23.02. 2024 (Tuesday, Wednesday) from 19:05 to 19:05 
the following day. The Sony HDR – CX405 camera was placed near the intersection to monitor 
individual entrances to the intersection and the routing of vehicles through the intersection (Fig. 2.4). 

The aim of the survey was to obtain data for determining the hourly road traffic volume, traffic 
flow composition and traffic routing during the survey period. 

 

                    
Fig. 2.4: Video camera placement during traffic survey (left, red dot) and view of the intersection (right) 
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2.3 Modelling noise and air pollution from road transport 
 

We performed the modeling of noise and air pollution from road traffic in the area of interest for 
the existing PK and the planned TOK. The modeling was carried out in the CadnaA program. The 
software calculates and predicts noise and air pollution near commercial and industrial areas, sports 
and recreational facilities and transport systems, such as roads and railways, airports and runways, 
etc. The CadnaA software is suitable for predicting noise and air pollution in supraregional and local 
studies, as well as for detailed analysis of noise map scenarios in cities. In the CadnaA program, it is 
possible to choose from several methods for calculating noise levels from various sources [29] 
 

 The basic input parameters that entered the modeling were: 
 

• urbanization structure of the assessed area (map base), 
• building height, which was considered in the range of 5 to 10 meters, 
• general wind rose (Fig. 2.5), 
• type of road surface, 
• results of the implemented traffic survey – volume, direction and composition of road traffic on 

the assessed traffic sections. 

 

 
Fig. 2.5: Wind rose used for modeling in CadnaA program 

 

We divided the traffic flow into two groups of noise and air pollution sources. One group 
represented light vehicles – OA, which included passenger and small commercial vehicles, and the 
second group represented freight vehicles over 3.5 t – NA, which included trucks and buses. For the 
purposes of noise prediction, we entered the percentage of freight traffic. 

Traffic on adjacent local roads and the impact of rail transport were not subject to noise and air 
pollution modeling. 

 Within the framework of the modelling, 4 points of interest MP1 to MP4 were selected, at 
which noise levels and pollutant concentrations between PK and TOK were measured. Their location 
is identical in both cases of intersections. 

 The levels of noise emissions in the outdoor environment from line noise sources were 
determined by a calculation method using the CadnaA program according to the NMPB-Routes-96 
(transport) methodology adapted for the conditions of the Slovak Republic. 

The emission parameter used in NMPB-1996 is the A-weighted sound power level per octave 
band LAw,i point as a sub-source Sja in dB(A). This level is calculated: 
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𝐿𝐿𝐴𝐴𝐴𝐴,𝑖𝑖 = 10𝑙𝑙𝑙𝑙 �10 (𝐸𝐸𝑉𝑉𝑉𝑉+10𝑙𝑙𝑙𝑙𝑄𝑄𝑉𝑉𝑉𝑉
10

+ 10 𝐸𝐸𝑃𝑃𝑃𝑃+10𝑙𝑙𝑙𝑙𝑄𝑄𝑃𝑃𝑃𝑃
10

� + 20𝑑𝑑𝑑𝑑 + 10𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖 + 𝑅𝑅(𝑖𝑖)                   (1) 
 

where: EVL  - sound power level of light vehicles [dB(A)],  
QVL  - light vehicle volume (< 3500 kg) [veh/h], 
EPL  - sound power level of heavy vehicles [dB(A)], 
QPL  - heavy vehicles volume (≥ 3500 kg) [veh/h], 
Ii  - length of sub-source Sja [m], 
𝑅𝑅(i)  - octave values of the reference spectrum for road traffic noise [dB(A)] 
i  - is a floating octave number. 

CadnaA reports the total traffic flow Q (veh/h) and the percentage of heavy vehicles p (%). The 
relationships between these data and the data described above are: 

 
𝑄𝑄 = 𝑄𝑄𝑉𝑉𝑉𝑉 + 𝑄𝑄𝑃𝑃𝑃𝑃                             (2) 

 
𝑝𝑝 = 𝑄𝑄𝑃𝑃𝑃𝑃

𝑄𝑄
                                                                     (3) 

 
The calculated emission parameter is the A-weighted total sound power level per unit 

lengthy 𝐿𝐿´𝐴𝐴𝐴𝐴,𝑖𝑖 in dB(A), which is determined according to the modified equation: 
 

𝐿𝐿´𝐴𝐴𝐴𝐴,𝑖𝑖 = 10𝑙𝑙𝑙𝑙 �10 (𝐸𝐸𝑉𝑉𝑉𝑉+10𝑙𝑙𝑙𝑙𝑄𝑄𝑉𝑉𝑉𝑉
10

+ 10 𝐸𝐸𝑃𝑃𝑃𝑃+10𝑙𝑙𝑙𝑙𝑄𝑄𝑃𝑃𝑃𝑃
10

� + 20𝑑𝑑𝑑𝑑 + 𝛹𝛹                                  (4) 
 
This value includes corrections for vehicle type, traffic flow type, road gradient and road surface 

Ψ. 
By the option CadnaA-APL the range of applications of CadnaA are extended by the 

calculation, the assessment, and the presentation of air pollutants impact [30]. The option CadnaA-
APL makes use of the calculation model AUSTAL2000 being developed by the German Federal 
Environmental Agency 

The calculation of the emission from road traffic is based on the „handbook emission factors for 
road transport (HBEFA)“. This manual specifies road-specific emission factors for different traffic 
situations (route type and flow type). The emission factors specified in this publication had to be 
rearranged in order to obtain reasonable results when using CadnaA-APL in conjunction with 
AUSTAL2000 [31]. The program system AUSTAL2000 calculates the atmospheric dispersion of 
substances and odourants. AUSTAL2000 is the official reference implementation of the instructions 
given in Appendix 3 of the German Regulation on Air Quality Control (TA Luft) [32]. The model on 
which AUSTAL2000 is based is described in guideline VDI 3945 Part 3. This standard deals with the 
numerical calculation of trace species dispersion using a Lagrangian particle model [33]. This model 
tracks point-like particles representing a trace species on their path through the atmosphere. 
Austal2000 calculates the emission concentration of NO2 in an indirect way via the decay rate of NO. 
The road traffic-specific NOx emission is mainly caused by NO and only to a minor extend by NO2. 
Thus, emission factors for road traffic are not given for NO and NO2 separately, but always as sum of 
nitrogen oxides. This allows to treat NOx during the calculation of distribution as an inert compound. 

The total emission factors for PM10 result from the sum of emission factors for combustion 
processes and for abrasion and whirlin up. The modelling involved road traffic data (similar to noise 
modelling) obtained from a traffic survey. The modelling was carried out for the pollutants PM10 and 
NOx, NO2. 

 
3 Results 
 
3.1 Traffic survey - road traffic volume, traffic flow composition and traffic routing 
 

Based on the traffic survey, the road traffic volume in each direction at the intersection was 
determined. The highest traffic volume was recorded in the main directions A-B 9841 veh/24h and B-A 
9404 veh/24h (Tab. 3.1). The highest traffic volume was on the secondary direction D-A 2272 veh/24h 
(Tab. 3.2). 
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Table 3.1: Traffic volume and direction of main traffic flows in 24 hours 
vehicle/ 
direction 

Traffic volume and routing of main traffic flows veh/24h 

A-B (straight) A-C (right) A-D (left) B-A (straight) B-C (left) B-D (right) 

OA 7812 1587 1775 7643 192 274 

NA 2029 101 94 1761 5 38 

S 9841 1688 1869 9404 197 312 
Note: S = OA+NA 

 
 

Table 3.2: Traffic volume and direction of secondary traffic flows in 24 hours 
vehicle/ 
direction 

Traffic volume and routing of secondary traffic flows veh/24h 

C-A (left) C-B (right) C-D (straight) D-A (right) D-B (left) D-C (straight) 

OA 1644 372 280 2071 191 213 

NA 228 51 17 201 16 10 

S 1872 423 297 2272 207 223 
Note: S = OA+NA 
 

The ribbon diagram graphically shows the direction of traffic flows recorded during the traffic 
survey. The highest traffic volume was at entrance A with 13,398 veh/24h. At entrance B the traffic 
volume was 9,913 veh/24h, at entrance C 2,592 veh/24h and at D 2,702 veh/24h (Fig. 3.1). 

 
Fig. 3.1: Ribbon diagram of traffic volume at the intersection in Košťany nad Turcom according to the 

traffic survey conducted 
 
3.2 Model setup 
 

The following specific calculation parameters were used for acoustic and air pollution modeling 
in the vicinity of the intersection: 

 
• road surface: AC11 - rough – old, 
• calculated speed on the road: 

• I/65 - 50 km/h (max. permitted speed for the municipality), (entrance A and B), 
• III/2141 - 50 km/h for OA and 40 km/h for NA (entrance D), 
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• III/2143 - 30 km/h (reduction due to crossing the railway crossing) (entrance C), 
• number of vehicles and share of freight vehicles (Tab. 3.3), 
• longitudinal slope of the road: 0%, 
• territory: built-up area (urban area), 
• sound absorption factor of building facades: 0.21 
• calculated height of isophone: 1.5 m above the terrain. 

 
 Acoustic modeling is based on the redistribution of traffic volume into partial parts (intersection 

branches), which form homogeneous line noise sources. From the results of the traffic survey (Tab. 
3.1, 3.2), the respective traffic volumes on individual profiles (entrances to the intersection) were 
calculated (Table 3.3). Noise emission models were determined for individual calculation time periods 
– day, evening, night. The results of the traffic survey also indicate a high share of freight traffic, 
especially at night. This share represents up to 41% at entrance B (Table 3.3). 
 

Table 3.3: Traffic volume and share of freight traffic at individual entrances to the PK 

Branch 
of the intersection 

day 6:00 - 18:00 
veh/h 

evening 18:00 - 22:00 
veh/h 

night 22:00 - 6:00 
veh/h 

OA NA S % NA OA NA S % NA OA NA S % NA 

A (I/65) 1509 233 1742 13% 795 228 1023 22% 156 88 244 36% 

B (I/65) 1132 217 1349 16% 488 161 649 25% 119 82 201 41% 

C (III/2143) 251 12 263 4% 270 59 329 18% 24 4 28 15% 

D (III/2141) 305 16 321 5% 230 35 265 15% 28 5 33 15% 

 
TOK is characterized by movement in a precisely defined lane. For the purposes of noise and 

air pollution modeling, we divided the intersection into 27 homogeneous sections (Fig. 3.2). 
 

 

Fig. 3.2: Division of TOK into individual sections for modeling purposes in the CadnaA program 
 

According to NMPB Routes 96, which is mandatory for the creation of strategic noise maps, 
different road surfaces are distinguished with respect to noise with specified correction values in dB in 
the spectral range [24]. These are directly included in the calculation. For the new TOK, some input 
parameters have been adjusted - new road surface, calculation speed, traffic intensity on individual 
partial sections of the TOK. 

A B 

C 

D 
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For acoustic modelling of noise and air pollution at TOK, the following parameters were 
adjusted in the program settings: 

 
• road surface: asphalt mastic carpet - SMA, closed pores 
• design speed: 35 km/h for OA and 20 km/h for NA, 
• traffic volume on designated sections of TOK (Tab. 3.4). 

 
 

Table 3.4: Traffic volume and share of freight transport on individual sections of the TOK 

Section 
day 6:00 - 18:00 veh/h evening 18:00 - 22:00 veh/h night 22:00 - 6:00 veh/h 

OA NA S % NA OA NA S % NA OA NA S % NA 

1 321 49 370 13% 166 45 211 21% 23 19 42 44% 

2 361 51 412 12% 190 46 236 19% 29 19 48 40% 

3 132 6 138 5% 86 11 97 11% 10 1 11 6% 

4 229 45 274 16% 104 35 139 25% 19 18 37 49% 

5 247 46 293 16% 140 45 184 24% 21 18 39 47% 

6 445 72 517 14% 211 56 267 21% 34 28 62 46% 

7 485 74 559 13% 235 57 292 19% 39 29 68 46% 

8 445 72 517 14% 211 56 267 21% 33 28 62 46% 

9 545 78 623 13% 362 95 457 21% 47 29 76 38% 

10 326 66 392 17% 144 52 196 27% 25 27 52 52% 

11 219 12 231 5% 218 43 261 17% 22 2 24 8% 

12 444 52 496 10% 298 69 367 19% 54 18 72 25% 

13 554 75 629 12% 341 82 423 19% 69 26 95 27% 

14 151 9 160 6% 106 7 113 6% 12 2 14 14% 

15 224 41 265 16% 81 26 107 25% 30 14 44 32% 

16 224 41 265 15% 81 26 107 24% 30 14 44 32% 

17 235 58 293 20% 90 37 126 29% 32 16 48 34% 

18 211 41 252 16% 75 26 101 26% 28 14 42 33% 

19 334 64 398 16% 124 39 163 24% 45 21 66 32% 

20 403 66 469 14% 236 75 311 24% 57 24 81 30% 

21 429 68 497 14% 253 76 329 23% 59 24 83 29% 

22 530 72 602 12% 343 102 445 23% 71 27 98 28% 

23 39 2 41 5% 23 1 24 4% 4 0 4 0% 

24 119 6 125 5% 185 49 234 21% 16 4 20 20% 

25 26 2 28 7% 17 1 18 6% 2 0 2 0% 

26 127 6 133 5% 107 27 134 20% 14 3 17 18% 

27 348 51 399 13% 290 84 374 22% 34 19 53 36% 

 
3.3 Noise pollution around intersections 
 

Modelling of noise pollution near the PK and TOK brought differences in the ambient road traffic 
noise levels at all assessed points (Table 3.5). 
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Table 3.5: Change in noise levels at individual assessed points between PK and TOK for day, 
evening, night 

LAeq (dB) 
Reference 
interval/ 
interest 
point M
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M
P1

TO

K 
   

   
   

   

D
iff

er
e

nc
e 

 

M
P2

PK
   

   
   

   
 

M
P2

TO

K 
   

   
   

   
   

   
   

D
iff

er
e

nc
e 

 

M
P3

PK
   

   
   

   
 

M
P3

TO

K 
   

   
   

 

D
iff

er
e

nc
e 

 

M
P4

PK
   

   
   

   
  

M
P4

TO
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nc
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day 65.9 67.9 +2.0 68.4 68.2 -0.2 62.5 61.1 -1.4 62.2 58.6 -3.6 

evening 66.7 68.4 +1.7 68.4 68.2 -0.2 62.8 61.8 -1.0 62.1 59.8 -2.3 

night 61.9 64.1 +2.2 64.4 64.1 -0.3 59.3 58.1 -1.2 59.0 55.6 -3.4 

Note: „+“ – increase of noise level, „-“ – decrease of noise level 
 

The noise level increased only at the assessed point MP1 for all reference intervals. This is 
mainly due to the smaller distance of the point MP1 from the traffic lane. At the new TOK intersection, 
the arrangement of the individual branches of the intersection was changed, with the geometric 
parameters of the intersection and the spatial arrangement of the intersection surroundings being 
limiting. Point MP1 was originally 46 m away from the axis of the I/65 road lane (entrance A), while the 
distance from the axis of the outer TOK lane decreased to 20 m. The noise level value increased by 
2.0 dB during the day, by 1.7 dB during the evening and by 2.2 dB at night. 

The noise level values at point MP2 decreased by 0.2 – 0.3 dB. The highest reduction in noise 
levels occurred at the assessed point MP4, specifically by up to 3.6 dB during the day (Fig. 3.3a). 
  

  

a) 
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Fig. 3.3: Noise levels from road traffic at PK and TOK for a) day, b) evening, c) night 

 
During the time period 18:00 – 22:00 “evening” there is a decrease in traffic volume, but also a 

gradual increase in the share of freight transport (up to 25%) (Tab. 3.3). We can observe a slight 
increase in noise levels at the assessed points at both intersections (Fig. 3.3b). During the time period 
“night” there is a significant decrease in traffic volume by up to 86%. The decrease in noise levels is 
only by max. 4.1 dB compared to the time period “day” (Fig. 3.3c). This is due to the significant 
percentage of freight transport (up to 41%) (Tab. 3.3). 
 
 
 
 
 

58.1

64.1

64.1

55.6
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 > -99.0 dB
 >  35.0 dB
 >  40.0 dB
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 >  55.0 dB
 >  60.0 dB
 >  65.0 dB
 >  70.0 dB
 >  75.0 dB
 >  80.0 dB
 >  85.0 dB

b) 

59.3

64.4

59.0

61.9
MP1
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MP3
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 > -99.0 dB
 >  35.0 dB
 >  40.0 dB
 >  45.0 dB
 >  50.0 dB
 >  55.0 dB
 >  60.0 dB
 >  65.0 dB
 >  70.0 dB
 >  75.0 dB
 >  80.0 dB
 >  85.0 dB

c) 
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3.4 Air pollutant concentrations around intersections 
 

The intersection modeling showed an increase in air pollutants concentrations at almost all 
assessed points on the TOK. A slight decrease in concentrations occurred at point MP4 for NO2 and 
PM10 (Tab. 3.6). 

The largest difference in hourly NO2 concentrations between modeled intersections is at point 
MP1, there is an increase of 25.7 µg/m3 at TOK. At points MP2 and MP3, we observe an increase of 
13.7 µg/m3 and 12.0 µg/m3, respectively. The largest increase in hourly PM10 concentrations is 
observed at point MP1, by 7.0 µg/m3 at TOK (Tab. 3.6). 
 

Tab. 3.6 Change in air pollutants concentration at individual assessed points between PK and TOK 
Air pollutants concentration [µg/m3] 

Pollutant/ 
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point M

P1
PK
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TO
K 
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iff

er
e

nc
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TO
K 
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M
P4

PK
 

M
P4

TO
K 

D
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e

nc
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NO2, h 31.2 56.9 +25.7 40.4 54.1 +13.7 30.0 42.0 12.0 34.3 28.6 -5.7 

PM10,d 3.3 10.3 +7.0 6.6 11.6 +5.0 2.1 2.9 0.8 3.0 3.3 +0.3 

PM10,y 1.0 2.6 +1.6 1.5 2.8 +1.3 0.4 0.5 0.1 0.6 0.5 -0.1 

Note: “h” – hourly concentration, “d” – 24-hour concentration, “y” – annual concentration, „+“ – 
increase of noise level, „-“ – decrease of noise level 

  
Fig. 3.4: Annual NOx concentrations from road traffic in the vicinity of PK and TOK 
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Fig. 3.5: Hourly NO2 concentrations from road traffic in the vicinity of PK and TOK 

 

  
Fig. 3.6: 24-hour PM10 concentrations from road traffic in the vicinity of PK and TOK 

 



Civil and Environmental Engineering Vol. 20, Issue 2, 1303-1319 
 

 
 

  
Fig. 3.7: Annual PM10 concentrations from road traffic in the vicinity of PK and TOK 

 
The hourly NO2 concentration is highest at the assessed point MP2 40.4 µg/m3 at PK and 

lowest at the point MP3 30.0 µg/m3 (Fig. 3.5). PM10 concentrations also reach the highest values at the 
point MP2, namely 6.6 µg/m3 24-hour concentration and 1.5 µg/m3 annual concentration (Fig. 3.6, 
3.7). The lowest PM10 concentrations are at the point MP3, namely 2.1 µg/m3 24-hour concentration 
and 0.4 µg/m3 annual concentration. (Fig. 3.6, 3.7). 

In the case of TOK, the highest hourly NO2 concentration at the assessed point MP1 is 56.9 
µg/m3 and the lowest at the point MP4 is 28.6 µg/m3 (Fig. 3.5). PM10 concentrations reach the highest 
values at the point MP2, namely 11.6 µg/m3 24-hour concentration and 2.8 µg/m3 annual 
concentration (Fig. 3.6, 3.7). The lowest PM10 concentrations are at the point MP3, namely 2.9 µg/m3 
24-hour concentration and 0.5 µg/m3 annual concentration. An annual concentration of 0.5 µg/m3 also 
occurred at the point MP4 (Fig. 3.6, 3.7). 

Modelling was also performed for nitrogen oxides NOx. In this case, the highest concentrations 
were found at point MP2 for PK and TOK, namely 14.4 µg/m3 and 25.8 µg/m3, respectively (Fig. 3.4). 
 
5. Discussion and conclusion 

 
The main objective of the presented study was to compare the production of noise and air 

pollutants during the operation of road transport on PK and TOK. For this purpose, the modelling 
method in the CadnaA program was chosen. For an objective comparison of individual data, it is 
necessary to pay attention to three changes that resulted from the arrangement and construction of 
different types of intersections. Specifically, these are the change in the distance of the intersection 
branches from the reference points (TOK alignment, while the distance of the individual reference 
points from the lane axis changes), the change in the road surface from asphalt concrete to mastic 
asphalt carpet, which according to the available literature can cause a reduction in the noise level by 2 
dB [24], the change in the speed on the individual branches of the intersection (adjustment of speeds 
from 50 km/h at PK to 35 km/h for passenger vehicles and 20 km/h for trucks at TOK). 

Changing the intersection type to TOK brought positive results in the form of a reduction in 
noise levels at the assessed points MP2, MP3, MP4 for all reference times. The largest differences 
were observed at point MP4, where the noise load was reduced by up to 3.6 dB. 

Modelling of air pollutants NOx, NO2, PM10 from road transport shows an increase in 
concentrations at the assessed points MP1, MP2, MP3 on the TOK. The highest increase in 
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concentrations occurred at point MP1, specifically for the hourly concentration of NO2 by 25.7 µg/m3, 
the 24-hour concentration of PM10 by 7 µg/m3. 

The results show that various characteristics of the transport infrastructure (structural 
arrangement - intersection shape, road construction) and also characteristics of the traffic flow (speed 
and composition of the traffic flow) can significantly influence the environmental impacts of road 
transport. The modelled intersection variants showed a positive change in noise levels using TOK. 
The following characteristics significantly contributed to this fact: change in road surface, change in 
traffic flow speed. Similar results were achieved in a study dealing with the change in noise emissions 
due to the construction of roundabouts [24, 26]. 

The modelling also showed an increase in the concentrations of pollutants at the TOK. The 
main traffic flow A-B and B-A at this intersection is characterized by a high share of freight traffic (up to 
41%). TOK has a specific spatial arrangement and lane layout. This arrangement increases safety and 
capacity on the one hand, but on the other hand reduces the speed of passage in the main direction. 
A significant negative in this regard was the reduction in the speed of road traffic through the TOK and 
the associated longer stay of road traffic in the intersection area. Passenger cars and trucks spend a 
longer time in the intersection area, where they produce pollutants. Acceleration and deceleration also 
play a significant role in the production of pollutants (intensive braking affects the production of 
particulate matter from brake and road surface wear) [10]. 

In the case of this study, there is a certain interruption of the continuous traffic flow in the 
direction A-B and B-A. A similar study also showed an increase in the concentrations of nitrogen 
oxides but, on the contrary, a decrease in the concentrations of PM10 and PM2.5, where field 
measurements were carried out at the intersection and subsequently at the new roundabout [27].  

In conclusion, however, we can generally state that the main environmental benefits of turbo 
roundabouts lie in a higher level of safety by eliminating collision points, in a reduction in noise levels 
by adjusting passing speeds and, last but not least, in a possible reduction in air pollution due to an 
increase in capacity. Their introduction appears to be a beneficial solution from the point of view of 
achieving transport sustainability goals. Of course, a thorough assessment of the introduction of this 
type of intersection is important, as it may not be suitable for every traffic situation and location. 
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