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EFFECT OF MOTOR TRANSPORT ON THE WORKING PLACES
IN THE SERVICE INFRASTRUCTURE (BY NOISE FACTOR
AND URBAN AIR POLLUTION IN THE CITY CENTER OF DNIPRO)

Introduction. The article deals with the main provisions concerning the implementation of the constitutional right of
employees on the protection of their life and health in the process of labor activity, on appropriate, safe and healthy working
conditions, regulation of the relationship between the employer and the employee on safety and health issues, the working
environment and the establishment of a unified procedure for the organization of labor protection in Ukraine, with the com-
petent state authorities involved.

Problem Statement. The paper presents the results of problems analysis related to the development of modern urban
center as a service infrastructure network taking into account the work safety at workplaces.

Purpose. To provide the service infrastructure employees with high-quality and safe working conditions (in terms of
noise factor and air pollution by exhaust gases from motor vehicles along D. Yavornytskyi Avenue) in the downtown of the
Dnipro city.

Materials and Methods. Information on the noise and air pollution from motor vehicles and the number of workplaces
within the studied territory has been obtained from field observations.

Results. The noise pollution in 2 meters from the first echelon building facades on D. Yavornytskyi Avenue varies from
72 dBA to 75 dBA. The concentration of exhaust gases ranges from 15 to 35 mg/m?. It has been established that in the city
center, there are 6000 m? commercial space of public and social and infrastructure, where 330 employees of various oc-
cupations are working.

Conclusions. The dynamics of changes in the traffic load on D. Yavornytskyi Avenue from 2011 through 2017 has been
studied. The equivalent noise level and the exhaust gas concentration CCO at work places have been established to exceed
the norm by 9-19 dBA and by 15-30 mg/m?®, respectively.

Keywords: public city center, traffic load, service facilities, and workplaces.

The changes taking place in Ukraine in the | the safety of workplaces in service infrastructure
field of urbanization and development of trans- | shall be properly secured.
port, as well as a significant growth in traffic load Modern theory of urban planning refers down-
on roads of modern cities and, above all, growing | towns to the non-obligatorily attended destina-
demands of society for living standards, quality | tions [1-6] which attract people to cultural, ser-
and safety of life (QSL) make us pay much more | vice, trade, and recreation infrastructure. It does
attention to adequate organization of service in- | not take into account the fact that these infra-
frastructure, harmonious coexistence and func- | structure facilities also employ people who have
tional purpose of its components. In this context, | right to workplace of proper quality.
The urban planning issues have been discussed
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ters [1], the optimal arrangement of city centers
and districts, the connection between them, and
the development of urban networks in Britain
taking into account all infrastructure features, in
particular, the public services [2]. To make design
calculations for urban planning based only on the
city population has been justified to be inadvis-
able. It is necessary to study and to take into ac-
count other components of the general issues and
tasks of the city as a dynamically developing and
needing to be improved structure [3]. Also,
polycentrism of cities with necessary comprehen-
sive consideration of all components of city life
[4—6] has been discussed in detail.

In order to prevent material social and eco-
nomic losses caused by improper use of valuable
territories (downtowns) and to avoid in the fu-
ture serious problems with traffic, public trans-
port, safety and quality of life, which many large
cities have faced, it is necessary to immediately
develop prospective plans for rearrangement of
city downtowns and to start their gradual imple-
mentation as it has been proposed for Moscow
[7]. The ultimate social and economic effect de-
pends mainly on the proper functional spatial
model and principles of transformations rather
than on the quality of separate buildings or their
current use. In the Dnipro City, the first floors of
the 1 echelon buildings adjacent to the main
road artery, D. Yavornytskyi Avenue, are occu-
pied by social infrastructure facilities, pharma-
cies, bars, cafes, restaurants, bank outlets, etc.
The traffic moving along the Avenue causes an
essential increase in noise and pollutes the adja-
cent territories with exhaust gases. In opinion of
all government bodies and urban planners, the
mentioned territory is referred to the urban area.
At the same time, the mentioned infrastructure
facilities require more well-balanced approach to
these territories in terms of labor safety at nonin-
dustrial workplaces. Therefore, the problems dis-
cussed in this research are relevant and aim at in-
novation approach to address them.

The purpose is to evaluate quality and safety of
workplaces (working conditions) of service infra-

structure employees in terms of noise factor and

air pollution by exhaust gases from motor vehi-

cles moving along Dmytro Yavornytskyi Avenue
in the downtown of the Dnipro city.

The objectives of research are as follows:

+ To measure the traffic load on the main road ar-
tery of the Dnipro City (D. Yavornytskyi Ave.);

+ To measure the noise factor and pollution with
exhaust gases for the 1% echelon buildings lo-
cated along D. Yavornytskyi Avenue;

+ To carry out a field survey in order to determine
the number of workplaces on the studied area.
Partly, the objectives have been fulfilled in [8—12],

therefore, this research includes previously obtai-

ned results.

Contemporary transport, its quantitative and
qualitative development, in particular, an increa-
se in the number of private motor vehicles affect
the quality of environment, especially, in the down-
town. Measures towards reducing number of road
accidents due to improvement of traffic manage-
ment while keeping the existing structure and
road schemes has a very weak effect. The use of
technical improvements for reducing noise factor
and exhaust gas pollution emitted by vehicles also
may be not sufficiently effective. A radical mea-
sure to prevent adverse effects of motorization is
revision of old principles of traffic and built-up
area schemes formation. It is necessary to sepa-
rate a large space to be used exclusively or mainly
for the pedestrian traffic from the space used ex-
clusively or mainly for the motor traffic. The
transit traffic should bypass the downtown. This
problem has been discussed in detail in [13].

It is desirable that inside the downtown, the
traffic management is based on pedestrian traffic
only. The territory shall be divided into separate
zones: exclusively pedestrian traffic, dominant
pedestrian traffic, dominant motor traffic, exclu-
sively motor traffic.

The size of downtown, which depends, on the
one hand, on the needs of society in a certain type
and quantity of services and the existing model of
the service infrastructure and, on the other hand,
on the economic policy and opportunities, is also
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directly limited by the availability of transport
and parking facilities. Due to growing social
needs, the number of potential visitors to the
downtown constantly increases. This opinion is
shared by Kharkiv architect and urbanist Oleg
Drozdov [14].

While arranging commercial and administra-
tive facilities it is necessary to take into consider-
ation the pedestrian traffic system that influences
the district value in terms of transport. Map of
district value in terms of transport can be used to
control the correctness of planning of the city
transport system (including, pedestrian path sys-
tems) and the efficiency of service infrastructure
facilities arrangement. In 2011, within the frame-
work of this objective the authors carried out a
survey «design of noise map of street and roads
network of Dnipropetrovsk City» [11]. Table 1
shows selected results of motor traffic intensity
survey and calculations of carbon mono-oxide
concentration (C_,) on the carriageway and
equivalent noise level (L, ) at a distance of 2 m
from the 1 echelon building fagades in 2011 and
reference values in 2017. The equivalent noise
levels are measured by instrumental methods.
Carbon mono-oxide concentration (C_,,) is cal-
culated and map of exhaust gas pollution is built
based on the method developed by PSACEA [12].
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Fig. 1. Intersection of D. Yavornytskyi Ave. and Voskresenska St. (photo)

Fig. 1 features a picture of D. Yavornytskyi
Ave. and Voskresenska St. Intersection; Fig. 2
shows a map of exhaust gas pollution caused by
motor traffic moving along D. Yavornytskyi
Ave. and Voskresenska St. for the 1 echelon bu-
ildings.

According to GOST 12.1.005 [15], air pollu-
tion with carbon oxide belongs to the 4™ class
danger; its maximum permissible concentration
must not exceed 20 mg/m? within working area.
This pollution shall be monitored quarterly. Prac-
tically, no measurements have been done in the
premises of service infrastructure facilities men-
tioned in this research. Fig. 2 shows that carbon
oxide concentration on the facades of 1% echelon
building reaches 15-35 mg/m? The majority of
premises is not equipped with forced air circu-
lation systems, which is evidenced by external
air conditioning units on the building facades
(Fig. 3). The expected carbon oxide pollution in-
side the premises can reach 35-50 mg/m?, which
exceeds the norm by 15-30 mg/m?.

The analysis of noise level on the 1% echelon
building facades in control point 5 (Table 1) has
shown that the existing norms [16] are exceeded
by 19 dBA (for the whole studied area an excess
of the permissible noise level varies within 14—
20 dBA). In the premises of studied buildings, whe-
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Fig. 2. Map of tailpipe pollution (D. Yavornytskyi Ave. and Voskresenska St.); the first echelon buil-
dings

re service infrastructure facilities located, the noise
level at workplaces exceeds the norm (50-60 dBA),
by 9-19 dBA. The noise pollution inside the pre-
mises depends on several factors. In the case of
sound insulation of windows (doors) in the ven-
tilation mode (as mentioned above, the studied
premises have no forced ventilation systems), the
noise level decreases by 10 dBA, while if sound
waves propagate from open space to closed one,
the noise level increases by 3—5 dBA due to wave
reflection from internal walls.

To fulfill the last objective of this research, a
field count of workplaces in the downtown of
Dnipro City has been done. The calculations have
been made for the 1 echelon buildings located
along D. Yavornytskyi Ave., from Barykadna St.

to Andrii Fabr St. The average number of floors
amounts to 5. In 160 000 m?studied area, there
are many various social and service facilities oc-
cupying 6000 m?and employing nearly 330 staff.
It has been established that a workplace in the
premises of service infrastructure facilities in the
downtown of Dnipro City occupies about 18 m?.
The linear density of workplaces makes up almost
10 m per a workplace. The preliminary surveys of
adverse effects of noise pollution on employees
are presented in [17, 18]. The results given herein
will be used in further developments in urban
planning in terms of motor and pedestrian traffic
organization and arrangement of service infra-
structure facilities within the 1°* echelon build-
ings of the downtown. These developments will

Selected Results of Traffic Intensity Survey and Calculations

of Carbon Mono-Oxide Concentration (C_,) on the Carriageway and Equivalent Noise Level (L

AeKB)

at a Distance of 2 m from the 1%t Echelon Building Facades

Traffic intensit
Control Area surveyed e ey ﬁzfﬁz&fjﬁziﬁ Street CtO ti L
point (year of survey) « 1 . K /h " | width, m concen raslon, dBA
N N, Ny Ny N, % m,/ mg/m
5 Karl Marx Ave. near the Main | 1213 | 1003 | 110 | 100 | 20 50 54 31.12 731
Post Office (2011)
5 Yavornytskyi Ave. near the 1418 | 1130 | 148 | 140 | 20 50 54 34.07 74.0
Main Post Office (2017)
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Fig. 3. Outdoor air conditioning units

on building facades: @ — retail outlet

with outdoor air conditioning unit; b —

Bank outlets with outdoor air conditi-
oning units

facilitate improving quality and safety of city
population life as a whole.

The results presented in this research have a
scientific and practical significance.

Dynamics of changes in traffic load on the main
road artery, D. Yavornytskyi Ave., from 2011 to
2017 have been studied. As of today, the general
traffic intensity has grown from 1213 vehicles/
hour to 1418 vehicles/hour.

The noise level and exhaust gas pollution for
the 1 echelon buildings at D. Yavornytskyi Ave.
have been quantified. The equivalent noise level
increased from 73.1 dBA to 74.0 dBA, whereas
the concentration C_, grew from 31.12 mg,/m* to
34.07 mg/m?3.
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A field count of workplaces in the downtown
of Dnipro City has been done. In 160 000 m? stu-
died area, there are many various social and ser-
vice facilities occupying 6000 m? and employing a
nearly 330 staff. It has been established that a
workplace in the premises of service infrastruc-
ture facilities in the downtown of Dnipro City
occupies about 18 m?; the linear density of work-
places makes up almost 10 m per a workplace.

For the first time, the noise level at a distance of
2 m from the 1% echelon building facades on D. Yavo-
rnytskyi Ave. has been established to exceed the
existing norm by 15—-19 dBA, while the excessive
concentration of exhaust gases on the facades va-
ries from 15 mg/m? to 35 mg/m?; if the gases come
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into the premise from outside the concentration | the employees in the area of city downtown. The
can exceed the norm at workplaces by 15-30 mg/m?. | results of such studies are extremely important

One of the tasks for further research is to ana- | for reviewing and improving the regulations and
lyze the main categories of workplaces and harm- | standards of Ukraine in the field of labor protec-
ful factors, as well as their norming, which affect | tion and sanitary regulation.
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BIIVINB ABTOTPAHCIIOPTY HA POBOYI MICIIA
B MEPEKI YCTAHOB OBCJIYTOBYBAHHA
(3A ®AKTOPOM IITYMY 1 3BATA3BOBAHOCTI
B OEHTPI MICTA JTHIITPO)

Beryn. PosriauyTo ocHOBHI TIOJI03KEHHS MO0 peasisallii KOHCTUTYIIIHHOTO TpaBa MPalliBHUKIB Ha OXOPOHY X JKUTTS
Ta 370POB’S1 y TIPOIECi TPYAOBOI AISTIBHOCTI, HA HaJIeKHI Ta Ge3leuHi yMOBY TIpalli, a TAKOK MUTaHHS MO0 PEryJisiil 3a
YUACTIO Bi/INOBIZIHMX OPraHiB JePyKABHOI BJIajii BIIHOCUH MiK POOOTOAABIIEM 1 IPAI[IBHUKOM 3 [IMTaHb GE311EKH, TirieHu 11pa-
11i Ta BUPOOHUYOTO CePeIOBUIIA i BCTAHOBJIEHHSI €IMHOTO MOPSIIKY OPraHisailii 0XOpOHHU mpatli B YKpaiHi.

IIpoGaemaTuka. Anasis po6ieM PO3BUTKY CY4aCHOTO IPOMAJICHKOTO IEHTPY SIK MEPEXKI YCTAaHOB 00CIyTOBYBaHHS 3
yPaxyBaHHsIM cTaHy Ge3nexu mpaili Ha poO0YnX MiCIIsX.

Mera. CTBOpEHHS SIKICHUX Ta GE3MEYHIX YMOB TIpaiti o0 GakTopy IyMy Ta 3a0pyAHEHHS Bi/[IIPAIIbOBAHIMI ra3aMu
Bijl aBTOTPAHCIIOPTY, 110 PyXA€ThCs MPOCIEKTOM JI. SIBOPHUIIBKOTO, U1 IEPCOHANY YCTAHOB 00CIYTOBYBaHHS HA TEPUTOPIT
TPOMa/ICBKOTO 1IeHTpy MicTa /[Himpo.

Marepianu it Metoau. [11ys1xoM HATYPHUX CIIOCTEPEKEHH OTPUMAHO JAHi IIPO CTAH IIyMOBOTO PEKUMY, PiBEHb 3aTa30-
BaHOCTI BiJl aBTOTPAHCIIOPTY Ta KiJIbKiCTh POOOYMX MiCITh Ha MOCiAHII TepuTopii.

Pesyabratu. PiBHi 1ryMoBoro 3a0pyqHeHHs 3a ABa MeTpu Bij (pacaziis OyAMHKIB MEPIIOTO elegoHy 3a0y10BH 10 IIPOCIL.
1. SIBopHUIBKOTO KOJMBatoThes Big 72 1BA 10 75 nBA. KoHileHTpaliist BiinpaboBaHuX rasiB KOJIMBAEThCI B MesKax 15—
35 mr/m®. BeraHoBiieHo, 1110 Ha TepuTopii 1eHTpy 3HaxoauThest 6000 M> TOPTiBeIbHIX MO COIaIbHO-I00YTOBUX 06 €KTIB,
Ha gKuX npaioTh 330 ocib pisHux npodeciii.

BucnoBkH. Po3riisiHyTo inHAMiKy 3MiH TPaHCIOPTHOrO HaBaHTaxKeHHs Ha 1p. [1. AABopHuibkoro 3 2011 o 2017 poku.
BeranoBiieHo, 1110 eKBiBaJIeHTHUI PiBEHD [IYMY [IEPEBUIILYE IOIYCTUMY HOPMY Ha pobounx Micisx Ha 9—19 nBA, a konileH-
tpauisi C, —na 15—30 mr/m>.

Kntowoei ¢io6a TpoMajichbKuii IEHTP MiCTa, TPAHCIIOPTHE HABaHTaKeHHS, 00’€KTH 00CIyTOBYBaHHS, POOOUi MiCIIs.

I1.H. Canvros, HA. Tkau, K.B. [Juxapes, A.H. Bausniox, b./[. [sadxcaua
I'BY 3 «IIpusinenpoBckas rocyiapcTBEHHAs aKa/IeMUsl CTPOUTEIBCTBA U ADXUTEKTYPBI»,

ya1. YepHbiteBckoro, 24a, {nernp, 49005, Ykpanma,
+380 56 245 23 72, +380 56 247 0788, postmaster@pgasa.dp.ua

BJIIMAHUNE ABTOTPAHCITOPTA HA PABOUME MECTA
B CETU YUYPEX/JIEHUI OBCJIYKUBAHYA (IIO DAKTOPY IYMA
N 3ATASOBAHHOCTU B HEHTPE T'OPO/IA /THEIIP)

Bsenenue. B crartbe paccMOTPEHBI OCHOBHBIE MOJIOKEHISI IO PEATU3AIMN KOHCTUTYIIHOHHOTO MpaBa pabOTHUKOB Ha
OXpaHy WX JKU3HU U 3[0POBbSI B IPOIECCE TPYAOBOI JeATEIbHOCTH, HA Ha/JIexKaIie 1 6e30MacHbIe YCIOBUS TPY/IA, & TAKKE
BOITPOCHI PETYJISIIIAN C YYaCTHEM COOTBETCTBYIOIINX OPTAHOB TOCYAPCTBEHHON BJIACTH OTHOIIEHUT MeXLy paboTogaresneMm
1 pabOTHIKOM TI0 BOITPOCaM OE30aCHOCTH, TUTHEHBI TPY/Ia U IPOM3BOJCTBEHHON CPEIb U YCTAHOBJIEHUS! INHOTO MOPSIKA
Opranm3aliny OXpaHbl TPy/a B YKpauHe.
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IIpo6GaemaTuka. AHaaus 1pobJaeM PasBUTHsI COBPEMEHHOTO OOIIECTBEHHOTO 1IeHTPa KaK CeTH YUPEKAeHUI 00CITy Ki-
BaHMUSI C YYETOM COCTOSIHUS 0€301IaCHOCTH TPy/a Ha pabounX MeCTax.

Ilesns. Cospanne KaueCcTBEHHBIX U GE30IIaCHBIX YCJIOBUI TPy/a 10 (haKTOpaM IIyMa U 3arpssHeHrst OTpadOTaHHbIMU
rasaMu OT aBTOTPAHCIIOPTA, ABWIKYILErocst 110 pociekty JI. STBOpHUIIKOTo, Ik IepCOHAIa YUPEsKAEHUE 00CTy KUBAHUST HA
TEeppUTOPUN OOIIECTBEHHOTO TIeHTpa Topoaa Jnernp.

Marepuaibl 1 MeTObL. [IyTeM HaTYPHBIX HAOJIIOIEHWIT [IOJTyYeHbl JAaHHbIE O COCTOSIHUU IIIyMOBOTO PEKIMA, 3ara3o-
BaHHOCTH OT aBTOTPAHCIIOPTA U KOJINYECTBA PAOOUMX MECT HA CCIIELYyEMOI TEPPUTOPHH.

PesyabraTel. YPOBHU IITyMOBOTO 3arpsi3HEHUs B JIBYX MeTpax oT (acajioB 3/[aHWii epBOTO JIMEJOHA 3aCTPONUKH 110
npoc. J1. dBopaunkoro konebmores ot 72 1BA 10 75 aBA. Konnentpanus oTpaboTaHHBIX Fa30B KOJAEOIETCS B PEIeIax OT
15 g0 35 Mr/m®. YcTaHOBJIEHO, 4TO HA TepPPUTOPUHN IeHTpa HaxoauTcss 6000 M?* TOProBeIX TLTOMAAEH COIMAaNIbHO-OBITOBBIX
00DBEKTOB, Ha KOTOPBIX paboTtaer 330 4emoBek pasHbIx mpodeccuii.

BsiBoapl. PaccMoTpena quHamMuka nu3aMeHeHNi TpaHCOpTHOH Harpysku Ha p. /1. ABoprauikoro ¢ 2011 mo 2017 rozsr.
YeTaHOBJIEHO, YTO 9KBUBAJIEHTHBIA YPOBEHb IIyMa IIPEBBIIIAET J0IYCTUMYIO HOPMY Ha pabounx mecrax Ha 9—19 aBA, a
xonmentparms C., — #a 15—30 mr/m>.

Kuwueevie crosa: ob1ecTBeHbIIl IIEHTP FOPOA, TPAHCIIOPTHASL HATPY3Ka, 00BEKThI 00CITyKIUBaH s, paboune MecTa.
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