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HYGIENIC ASSESSMENT OF PLANNING

ormation of Ukraine as a modern
European state requires not only
the preservation and development
of national traditions and heritage,
formation of new generation with a
high potential of health, education,
culture, national dignity, but also the
attraction of innovative experience
of other countries of the world in all
spheres of public life development.
Rather important economic indica-
tor of any country in the world is a
sphere of town-planning with its
architectural, health preserving and
price policy [1, 2].

In the last decade, the works on
the development of the master
plans for Ukrainian cities has been
intensified. Nowadays, the master
plans have been created for the
majority of regional administrative
centers and large industrial cities
in the country.

At present, according to the
hygienic analysis of master plans,
the large industrial cities, especial-
ly of old industrial regions (Donbas,
Prydniprovia, Kryvorizhzhia) with
town-forming industries of metal-
lurgy, coke chemistry, heavy
machinery, mining industry, have
significant problems with the viola-
tion of the territory functional zon-
ing. Proximity of the residential
buildings to the enterprises of the
hazard class IV-V, living in the sani-
tary-protection zones (SPZ) of a
considerable number of residents,
location of public institutions

(preschools, secondary education-
al institutions, health care institu-
tions), rapid growth of motorization
and facilities for its maintenance
(filling stations, gas filling stations,
power stations for refueling of the
electric cars), environmental pollu-
tion [3-4] lead to a significant harm
to the health of the population.

This can be evidenced by the
fact that there are unfavourable
trends in the incidence of the pop-
ulation, especially children’s one,
with a significant excess of the
indicators in ecologically danger-
ous areas against the backdrop of
stable depopulation processes in
the demographic situation of the
country [2].

Under these conditions, the
study of the dynamics of the envi-
ronmental pollution (ambient air,
reservoirs, drinking water, soil) and
its impact on the health of the pop-
ulation (in terms of risk of the envi-
ronmental pollution and the inci-
dence of the population) in the
large industrial cities with different
city-forming base, and taking into
account a degree of the imple-
mentation of the decisions of mas-
ter plans, is an urgent problem.

Thus, the main idea of the work
was to substantiate scientifically
the sanitary-hygienic approaches
to the assessment of planning
decisions of the industrial cities
with different city-forming base, to
determine a tendency of environ-
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Objective: We developed the hygienic approaches
to the assessment of planning decisions of the
cities with different city-forming systems in terms of
environmental pollution and risk to the health of the
population.

Methods: We used a set of general scientific and
special research methods: bibliosemantic (for the
analysis of regulatory and legal literature in the
sphere of town-planning), theoretical (evaluation
of the retrospective data of the research on the
hygiene of planning of the settlements), analytical
(development of the method for hygienic evalu-
ation for various purposes), sanitary-epidemiologi-
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mental pollution, its probable risk
for the health of the population.

The objective of the work was
to develop the hygienic approach-
es to the assessment of planning
decisions of the cities with different
town-forming systems according
to the state of the environmental
pollution and risk to the health of
the population.

Materials and methods. For
hygienic assessment of the state
of environmental pollution in the
dynamics in the cities under
investigation, a retrospective
analysis of observations of ambi-
ent air pollution of the State
Committee for Hydrometeorology
of Ukraine over the 20-years peri-
od was carried out. The develop-
ment and evaluation of the atmos-
pheric pollution indicators was
envisaged by 17 ingredients at
maximum and average annual
concentrations, both in the whole
city and at separate stationary
observation posts of the Central
Geophysical Observatory of the
MES of Ukraine, located in differ-
ent planning zones of cities.

To assess the danger of the
effects of chemical pollutants of
the cities’ ambient air on the popu-
lation, we applied a risk assess-
ment methodology [5-7].

To achieve the purpose and
objectives, we used a set of gener-
al scientific and special research
methods: bibliosemantic (for the
analysis of legal-legislative regula-
tion and scientific literature in the
sphere of town-planning); theoret-
ical (evaluation of the retrospective
data of research on the hygiene of
settlements); analytical (develop-
ment of the methods for the
hygienic evaluation of the con-
struction designs of the objects of
various purposes); sanitary-epi-
demiological examination of the
master plans of the cities and the
SPZ for the objects of different

cal examination of master plans of the cities and
SPZ for the objects of different hazard class, epi-
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hazard classes; epidemiological
and medico-statistical ones.

Results. In the course of the
work, we determined the cities for
the study, taking into account the
nature of main sectors of the econ-
omy that formed their city-forming
base, as well as the features of
planning structure of the cities
which made it possible to identify
the residential areas that were
heavily influenced by industrial
enterprises and beyond their influ-
ence, namely:

U Cherkasy as an industrial city
with the prior development of
chemical industry and planning
separation of the industrial area
from the residential areas of the
city;

4 Lviv as a large city of the west-
ern region with the development of
machine building and light indus-
tries, tourism and high-density
development of the central areas
of the city;

0 Kyiv as a metropolitan city with
a multi-sectoral economic com-
plex with a predominant develop-
ment of machine building, con-
struction industry and transport
infrastructure, a complex planning
structure with the large areas of
modern high-rise buildings.

It was established that mixed
functional and planning structure
of the territory (production and
communal-warehouse facilities
next to the residential and public
ones), proposed by master plan of
Kyiv, contradicted the require-
ments of both sanitary legislation
and town-planning normatives.

The prospect of the development
of industry, objects of sports,
socio-cultural, sanitary and recre-
ational services of the population
was established not to be devel-
oped. The measures, foreseen by
master plan for the implementation
of the SPZ projects, may lead to a
reduction of their area by 2496

hectares, which will lead to an
unreasonable proximity of the resi-
dential development to the indus-
trial territory.

In Kyiv, the density of residential
buildings is twice as large and
more (1000 people/ha at the rate
of 450 people/ha) due to the
reduction of the adjoining territo-
ries and recreational and green
areas, which will lead to an
increase in the socially-deter-
mined incidence: tuberculosis of
pandemic character, in particular,
and to an increase of psychogenic
load in the residents of metropolis.
The expansion of the city agglom-
eration (will include 6 districts of
Kyiv oblast with an area of 1.2 mil-
lions hectares) is solving in a
declarative manner without docu-
mentary confirmation and agree-
ment with the local territorial com-
munities.

The spectrum of harmful chemi-
cals, emitted into the ambient air
by the city's thermal power plants
(TPP), is caused by the type of fuel
(natural gas, coal, etc.) and the
features of the auxiliary technolog-
ical processes that can be
changed depending on the eco-
nomic situation in industry [8].

Cherkasy, a large industrial cen-
ter with a major chemical complex,
was chosen as another research
object.

The industrial enterprises of the
city are concentrated in two large
industrial districts: the Southern
which includes large enterprises of
chemical industry (JSC «Azot» and
«Khimvolokno»), TPP, light industry
and construction industry; the
Eastern which includes a plant of
chemical reagents (re-oriented to
the manufacture of the chemical
products for plant protection),
food processing and wood pro-
cessing enterprises, construction
one. The industrial areas are situ-
ated 5-8 km away from the city

The processes of restructurization of the major
branches of heavy industry, the consolidation and

demiological and medico-statistical ones. We
applied a risk assessment methodology to evaluate
the risk of exposure of chemical pollutants of ambi-
ent air of the cities to the population.

Results: The cities were studied taking into
account the nature of the main sectors of the econ-
omy which form their city-forming base, as well as
the features of the planning structure of the cities,
which made it possible to identify the residential
areas that were heavily influenced by the industrial
enterprises and beyond their influence.

The obtained data make possible to develop meas-
ures for environmental adjustment and to resolve
reasonably the issues of general plans for urban
development of the cities, taking into account the
specificity of the development of main industrial
complexes, to make management decisions on the
ground, their implementation to create safe condi-
tions for human vital acitvity.

55 Exviroxuevt & Heamm No2 2020

re-profiling of large industrial complexes and enter-
prises, and the intensive development of relatively
small production facilities have become essential.
In connection with the scarcity of land resources in
the largest cities and megalopolises, the issues of
the siting of existing filling stations and the design
of prospective residential buildings near them, as
well as the siting of designed filling stations under
conditions of existing residential development,
amid the rapid motorization of modern society are
becoming increasingly important and require leg-
islative regulation of the standardization of the SPZ
for modern filling stations, taking into account not
only hygienic requirements, but also the require-
ments of fire safety.

Keywords: city master plan, state of environ-
mental pollution, risk to public health, sanitary
protection zone, filling station.



D2-20 b:D2-16 b.gxd 23.05.2020 19:42 Page 56

rrieHIYHA OLUIHKA MJIAHYBAJIbHWX PILLIEHB
MICT 3 PIBHOKO MICTOYTBOPKOBAJIbHOO
BA30K 3A CTAHOM 3AGBPY/IHEHHS AOBKIJ1JIA
TA PUSNKOM [1Ji1 310POB’Sd HACEJIEHHS
1Maxnriok B.M., 2Fapkaswii C.l., 3Ha3zapenko B.1.,
4Maxniok B.B., SLLleB4eHko O.A., SPuxeHko H.O.
1Y «IHCTUTYT rpoManCcbkoro 3/10P0B’s

iMm. O.M. Mapszeesa HAMH Ykpainn» m. Kuis
2HallioHanbHWi MeanYHu yHIiBepcuTeT

iM. O.0. boromosbLs, M. KniB, YkpaiHa

SAY «IHeTUTYT Meanumny npadi im. 10.1. KyHaiesa
HAMH YkpaiHun», M. KuiB

AMiHiCTepCTBO PO3BUTKY rpOMa/ Ta TePUTOPIV
Ykpainu, m. Knis

SAY «/IHinponeTpoBCchbka MeaAnNYHa akaaeMis

MO3 Ykpainun», M. [IHinpo

6MiHicTepCcTBO OXOPOHU 310P0OB’g YkpaiHu, M. Kuis

MeTta pob6oTu — po3pobuTu ririeHidHi niaxoam A0
OLIHKW MaHyBaslbHUX PillleHb MICT 3 PI3HOIO MiCTO-
YTBOPIOBaJIbHOKO CUCTEMOIO 3a CTaHOM 3a6pyaHEH-
HS1 IOBKIJIIS Ta PU3BUKOM 4J151 340PO0B ST HACEJIEHHS].
MeTtoaun gocnimkeHb. BukopuctaHo KOMIiekc
3araJibHOHayKoBUX | crieuiasibHUX MeTo4iB AOC/IiIKEH-
Hs1: BibiiocemaHTnYHI (415 aHasli3y HoOpMaTUBHO-Mpa-
BOBOIO pPeryJsitoBaHHs1 Ta HayKoBOI slitepatypu y cepi
MiCTOBYIyBaHHS1), TEOPETUYHI (OLliHKa PETPOCMEKTUB-
HUX JaHVX HAYKOBUIX AOC/IKEHb LLOAO FiriEHV riaHy-
BaHHSI HACEJIeHVIX MICLib), aHasliTn4YHI (po3pobka
METOAMKM FirieHIHHOI OLIHKM MPOEKTIB OyAiBHULITBA

00 ’€eKTIB PI3HOIO NPU3Ha4YeHHs1); caHiTapHO-eniaemio-
JIOri4HOI eKCrnepTn3u MPOEKTIB reHraaHiB mict tTa C33
U151 00°EKTIB Pi3HOIro Kiacy Hebearneku; erniaemiosio-
riYHi Ta MEeANKO-CTaTUCTNYHI METOAM AOCIIIKEHHST;
11 OLIiIHKV HEGe3reku BriimBYy XiMidHVX 3a0pyaHoBa-
4iB aTMOCEPHOIro MOBITPSI MICT HA HACEJIEHHS 3aCTO-
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CcOBYBaJsiy METOLO0JIOrO OLIIHKY PUSUIKY.

PesynbraTun. [locninxysaav micta 3 ypaxyBaHHIM
XapakTepy OCHOBHUX rasy3ev rocriogapcrsa, siki
DOpPMYIOTb iXHIO MICTOYTBOPIOBasIbHY 6a3y, a Takox
0Cco6IMBOCTEN NaaHyBasIbHOI CTPYKTYPY MICT, LLO
J103BOJISII0Tb BUOKPEMUTU CE/IbOULLIHI TEPUTOPII, SIKI
ninaaTbCs 3Ha4YHOMY BI/IMBY MPOMMUCIIOBUX 00°EK-
TiB Ta ro3a ixHiM BriIIBOM.

OTtpumaHi aaHi 403BONISIOTL PO3PO6/ISTY 3axoan 3
KoperyBaHHsI CTaHy [0BKiJ1/is Ta 06rpyHTOBaHO
BUPILLYBATV MUTAHHS FEHepPasbHUX rJ1aHie 3abyno-
BU TEPUTOPII MICT 3 ypaxyBaHHSIM crieuniku po3-
6y.10BY MPOQINIOIYMX MPOMUCIOBUX KOMITIEKCIB
LJ151 PUAHSATTS YrpaBiHCbKUX PILLEHb Ha MICLSIX, iX
BIPOBAaAXEHHS /719 CTBOPEHHS] 6€3MNeYHNX YMOB
XUTTEAIANIbHOCTI toanHU. CyTTEBOrO 3Ha4€HHS
Habym npoLecu PecTpykTypu3aLii OCHOBHUX raJy-
3ei BaXKoi IHAYCTpIi, pO3YKPYNHEHHS | nepenpogi-
JIIOBaHHSI BEJINKUX MPOMUCIIOBUX KOMIIEKCIB i Mif-
NPUEMCTB Ta IHTEHCUBHUI PO3BUTOK BiJHOCHO
HEeBEeJIMKNX BUPOOHUNYMX 00 EKTIB.

Y 3B’a3Ky 3 ge@iuntom 3emesnibHyX PeCypCiB y Havi-
KPYrMHILLIMX MiCcTax i merariosiicax nuTaHHs po3TalLly-
BaHHS icHyroumx A3C i npoeKkTyBaHHS NepCrneKkTyB-
HOI XuTnoBoi 3abyn0Bu, HAbMXKXEHOI 10 HUX, a
TakoX po3aTaLlyBaHHs npoekTtoBaHnx A3C B ymoBax
cenbbuLLHOI 3a6y10Bu, L0 BXE ckianacs, Ha T/i
CTpimMKOIi aBTOMOObIni3aLii cy4acHoro cycninibcTea
HabyBae Bce Oi/bLLIOro 3Ha4yeHHs i noTpebye 3ako-
HOAaB4Y0ro BperysitoBaHHs yHopmyBaHHs C33 ans
cyyacHux A3C 3 ypaxyBaHHSIM HE JIVLLIE Tiri€HIYHNX
BUMOT, a L€ Vi BUMOI [10XEX0OHEOEe3rneKku.

Knro4osi cnoBa: reHepasnbHui nsiaH micta, ctaH
3abpyAHeHHs AOBKINAs, pu3nk AJis 340P0B’s
HaceJsieHHSl, CaHiTapHO-3axUCHa 30Ha,
aBTo3anpaBHa CTaHLis.

center. The normative SPZ for the
enterprises of the above men-
tioned industrial areas are obeyed.

We determined that in the total
emissions into the ambient air of the
city (14,800.0 t), 87.4% of the pollu-
tants came from chemical enterpris-
es (Azot OJSC - 53.8% and
Khimvolokno - 14.1%, plant of
chemical reagents (0.13%) and
thermal power plants (19.3%).
Ammonia, nitrogen dioxide, carbon
monoxide, dust are the limiting pol-
lutants of ambient air in Cherkasy.
According to the hygienic criteria for
the impact of a complex of harmful
substances, the atmospheric pollu-
tion in Cherkasy is estimated from
weak (since 2002, when industrial
enterprises were not operating at full
capacity) to strong, extremely
strong and even as environmental
disaster zone (in 1990, when they
operated with overload).

When restoring the functioning of
industrial enterprises to full capac-
ity, it is necessary to follow strictly
the requirements of the functional
zoning of the city territory, preven-
tion of the proximity of the
prospective residential develop-
ment to the enterprises of the haz-
ard classes I-lll, implementation of
their normative SPZ, implementa-

tion of modern technologies and
effective nature protection meas-
ures at the industrial enterprises of
the hazard classes I-lll.

Lviv is a center of Western region
of Ukraine, a part of the group of
the 9 largest cities in the country.
Light industry and tourism are the
directions of the development.

Lviv is a large city with a high
density of construction in its cen-
tral districts where the industrial
complex has not reached the pre-
dicted indicators over 15 years of
the implementation of master plan
and has been redeveloped into the
tourist industry. Nowadays, the
urgent problem of Lviv city is a
development of noise protection
measures because railway lines,
highways, reloading railway sta-
tions make noise within its limits at
the level of 72-77 dBA, and in
some places 78-82 dBA. The loca-
tion of the airport in close proximi-
ty to the city (6.5 km to the center)
is an obstacle for the development
of the territory in the south-west
direction, although in the future, it
is planned to build a new interna-
tional airport outside it.

Thus, as a result of the scientific
examination of master plans of
three major cities of Ukraine (Kyiv,

Lviv, Cherkasy), the most acute
sanitary-epidemiological problems
in their planning and construction
have been revealed: violation of
the functional zoning of the territo-
ry; lack of modern production
technologies and nature protection
measures; ineffective manage-
ment with industrial and household
waste; mismatch of water supply
and sewerage capacity to actual
and prospective urban develop-
ment needs.

According to the results of the
analysis of ambient air pollution of
studied cities, more than 61% of
the pollutants entered into the
ambient air of the cities from the
stationary sources of emissions of
the industrial enterprises (table 1).

Suspended matter (dust), sulfur
dioxide, nitrogen dioxide, for-
maldehyde and BP were identified
as the main pollutants with an
excess of MACs in all cities: in Kyiv
—1.7,in Lviv - 1.4 and in Cherkasy
— 1.9 times.

The changes of quantitative indi-
cators of non-cancinogenic and
carcinogenic effects over 25 years
in mentioned cities are presented
at figures 1, 2.

The assessment of the total car-
cinogenic risk to the health of the
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population created by studied
compounds in the air environment
of the cities showed that its level
was determined as a high in
Cherkasy (1.5 x 10-3), as warning —
in Kyivand Lviv (9.4 x 10-4;6.2x 104,
respectively).

The data obtained make it possi-
ble to develop measures for envi-
ronmental adjustment and to
resolve reasonably the issues of
master plans for urban develop-
ment of the cities, taking into
account the specificity of the con-
struction of dominant industrial
complexes for local decisions,
their implementation to create safe
conditions for human vital activity.

Under conditions of a significant
deficiency of the city land re-
sources and the legally defined
payment for land, the problem of
the compliance with the normative
SPZ, defined by the sanitary classi-
fication of the State Sanitary Rules
for Planning and Construction of
the Settlements, Particle Board
Ne 173-96 (Annex Ne 4), is becom-
ing increasingly acute for the
industrial enterprises.

The processes of restructuriza-
tion of the major industries of
heavy industry, the consolidation
and re-profiling of the large indus-
trial complexes and enterprises,
and the intensive development of
relatively small production facilities
have become essential.

In connection with a deficiency of
land resources in the major cities
and metropolises, the issue of the
location of existing filling stations
and the design of the prospective
residential buildings close to them,
as well as the location of the
designed filling stations in the
already existing residential devel-
opment, against a background of
the rapid motorization of modern
society, is becoming increasingly
important and requires a legislative
regulation on the standardization
of the SPZ for modern filling sta-
tions, taking into account not only
hygienic requirements but also fire
safety ones.

Conclusions

For the first time, on the basis of
complex hygienic researches, the
elements of integration and imple-
mentation of the international
requirements to the national nor-
mative base on town-planning and
ensuring of optimum conditions for
human life in modern settlements
with different city-forming struc-
tures have been substantiated sci-
entifically.

1. On the basis of a systematic
approach to the analysis of the
national sanitary and town-plan-
ning legislation in the field of plan-
ning and construction of the settle-
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ments, its inconsistency with mod-
ern international requirements has
been established. The necessity of
constant scientific and hygienic
support of issues of planning and
development of the territories
(including objects of industrial and
residential-and-public construc-
tion) based on the leading risk fac-

tors for the health of the population
has been substantiated.

2. As a result of examination of
master plans of three major cities
of Ukraine (Kyiv, Lviv, Cherkasy)
with a multi-sectoral and dominant
industrial complex, the most acute
sanitary-epidemiological issues in
their planning and construction

Table 1

Comparative characteristic of air pollution of the cities
under study

Pollution indicator C/MPC*k
Pollutants
1990 | 1995 | 2000 | 2005 | 2010 | 2015
Kyiv
Suspended matters (dust) | 0.67 | 0.67 0.7 0.46 | 0.82 | 0.87
Sulfur dioxide 0.40 | 0.61 0.31 0.28 | 0.27 | 0.21
Nitrogen dioxide 1.94 1.91 1.52 1.94 2.34 2.24
Formaldehyde 2.22 0.56 1.37 1.33 2.78 2.67
Benzopyrene 4.00 2.0 2.63 1.38 1.75 1.75
Pollution index 9.23 | 6.25 | 6.40 | 5.39 | 796 | 7.74
Excess of MAC 1.69 | 1.14 | 117 | 0.99 | 1.46 | 1.41
Lviv
Suspended matters (dust) 1.22 1.25 1.08 1.13 1.18 1.17
Sulfur dioxide 0.97 | 0.84 | 0.77 | 0.67 | 0.60 | 0.62
Nitrogen dioxide 1.99 1.26 | 0.87 | 0.88 1.7 1.24
Formaldehyde 122 | 215 | 0.74 | 0.78 | 1.52 | 1.74
Benzopyrene 2.13 | 200 | 2.38 | 2.13 1.63 1.65
Pollution index | 753 | 750 | 5.84 | 559 | 6.10 | 6.42
Excess of MAC 1.38 | 1.37 | 1.07 | 1.02 | 1.12 | 1.17
Cherkasy
Suspended matters (dust) 1.08 | 0.80 | 0.63 | 0.64 | 0.88 | 0.91
Sulfur dioxide 0.84 | 0.43 | 0.51 0.56 | 0.45 | 0.45
Nitrogen dioxide 1.63 | 0.80 | 0.79 | 0.66 | 0.92 | 0.97
Formaldehyde 485 | 3.37 | 4.41 3.93 | 2.30 | 2.37
Benzopyrene 225 | 213 | 1.50 | 2.00 | 1.38 1.50
Pollution index 10.65| 753 | 7.84 | 7.79 | 593 | 6.20
Excess of MAC 195 | 1.38 | 143 | 1.42 | 1.08 | 1.13
Figure 1 Figure 2

Changes in the quantitative
indices of the risk
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have been detected, namely: viola-
tion of the functional zoning of the
territory; lack of modern produc-
tion technologies and environmen-
tal measures; inefficient manage-
ment of industrial and household
waste; mismatch of water supply
and sewerage capacity to actual
and prospective urban develop-
ment needs; lack of planned devel-
opment of the objects of socio-cul-
tural, sports, sanitary and recre-
ational services for the large mass-
es of the population; inclusion of
adjoining areas and settlements
within the boundaries of the cities
of Kyiv, Lviv without documentary
confirmation and agreement with
the local territorial communities.

3. The solutions of town-plan-
ning tasks of the city master plans
affect directly the state of the envi-
ronment and the health of the pop-
ulation. The analysis of ambient air
pollution indicators of studied
cities in the dynamics of the 20-
years observation period shows
that there is a tendency to reduce
the emissions of harmful sub-
stances into the atmosphere and
the levels of average annual con-
centrations of pollutants from
strong, extremely strong, a zone of
environmental disaster in 1990
(when industrial enterprises were
overburdened) to weak (beginning
from 2002, when they were not
operating at full capacity) in the
cities with different levels and
nature of industrial development.

A the restoration of functioning
of the industrial enterprises to full
capacity, it is necessary, on the
one hand, to adhere strictly to the
requirements of functional zoning
of the city territory, to prevent the
proximity of the prospective hous-
ing development to the enterprises
of hazard classes I-lll, the imple-
mentation of their normative SPZ,
on the other hand, to implement
modern technologies and effective
nature protection measures at the
industrial enterprises of hazard
classes I-lll.

4. The need for the revision of the
SPZ normatives for the enterprises
of the hazard classes |-V taking
into consideration different tech-
nologies, hazard class with a dif-
ferentiation of their capacity, effi-
ciency of the environmental pro-
tection measures and risk assess-
ment for the health of the popula-
tion has been proved.
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