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PHIMKOBHI MNIL 10 CAHITAPHO-ENIEMIONONIYHO]
OUIHKH POSMIIMEHHS CYYACHWX ABTOANPABHHN CTAHNIH

MorunbHuii C.M., MaxHiok B.M., YepHunueHko 1.0,
JintBunueHko O.M.

RISK APPROACH TO SANITARY-AND-
EPIDEMIOLOGICAL ASSESSMENT OF THE
LOGATION OF MODERN FILLING STATIONS

n connection with a shortage of land
resources in the largest cities and mega-
lopolises and against the impetuous
automation of modern society, the issues
of the location of existing filling stations
(FS) and design of perspective residential
construction, close to it, and location of
designed FS at the territory of formed resi-
dential area are becoming increasingly
important. They require a legislative regu-
lation for the normalization of sanitary-and-
protective zones (SPZ) for modern FS, tak-
ing into account a differentiation of their
rating, a use of fuel types, types of refilling
transport, an implementation of the envi-
ronmental protective measures, etc. [1, 2].

An ubiquitous construction of the FS of
different types and categories, extension
of their functions, including the elements
of the maintenance of the vehicles, drivers
and passengers, use of modern filling
technologies and fuel storage, and ten-
dencies of the approaching of these
objects to the residential districts of the
city require a full substantiation of the
hygienic requirements to their location
from the point of view of the methodology
of risk assessment for the health of the
population for the prevention of their pos-
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PU3UKOBWI MiAXIA 10 CAHITAPHO-EMIAEMIOJ/ION IYHOI OLIHKN
PO3MILLIEHHS CYHACHUX ABTOSATIPABHUX CTAHLIN

MorunbHuii C.M., Maxutiok B.M., YepHudenko I.0., JintBuyeHko O. M.
LY «IHCTUTYT rpomMancskoro 340pos’s im. O.M. Map3eeBa
HavioHanbHOI akagemii MmeandyHux Hayk Ykpainv», M. Kuis

MeToro po60TH € BU3HAYEHHS MOKA3HWKIB PU3UKY [1J151 310POB’s
HacesieHHs Bif 3abpyaHEeHHsI HaBKOJINLLIHBOIrO CepeaoBuLLa XiMiYHUMU
peyoBUHaMu, CTBOPIOBAHOI0 BUKMAAMY aBTO3arpaBHUX CTaHLIn
(A3C) pi3HOI MOTYXHOCTI, 3 ypaxyBaHHSIM TEPUTOPIa/IbHYIX 0COOJ/INBO-
CTel CeNbOULLIHUX TEPUTOPIM.

Marepiann i meTogn. Y pob0oTi BUKOPUCTOBYBAJINCS METOAM CaHi-
TapHO-TirieHIHHOro 0OCTEXEeHHS Ait4Ynx 00°EKTIB, caHiTapHO-enige-
MIOJIOriYHOI eKCrIepPTU3U MPOEKTIB CaHiTapHO-3axmcHux 3o0H A3C pi3-
HOI MOTY>XHOCTI, OLIIHOK PU3UKY.

BucHoBkun. OTpumaHi pe3ynbTatv CBia4ars, LU0 caHiTapHa knacugika-
Liisi MiarnpueMcTB Ta BUPOOHULITB NOTPebye rnepernsay 1a yHOPMYyBaHHS
AN epeHLIirioBaHNX CaHITapPHO-3axXUCHUX 30H (MiHIMasibHa i Makcu-
masibHa) ans A3C 3 ypaxyBaHHSIM MOTYXKHOCTI, BIPOBaAXXEHHS e(pek-
TUBHMX MOBITPOOXOPOHHMX 3aX0A4IB Ta 3arpoBaaXEHHS PU3NKOBOIro
niaxoAay Ao caHiTapHo-eniaemMiosoriyHoi oLiHkv po3taiuyBaHHs A3C.
JloBeneHo HeOOX|AHICTb BrPOBAaAXEHHS HA ICHYOYMX Ta MPOEKTOBa-
Hux A3C ob61aaHaHHS A1 YyTPUMAaHHS] KaHLIePOreHHUX BUnapoByBaHb
npv 3anpaBkax TPaHCNnopPTHUX 3ac00iB, 1110 3a6e3Me4YnTb 3MEHLLIEHHS
3abpyaHeHHS NMpoLLapKy rnoBiTpsi PoboYoi 30HM rnpadiBHukiB ASC T1a
JZ0BKIJ1/1s1 [IPUErsIoi XUTI0BOi 3a0y40BU.

Knio4yoBi cnoBa: aBTo3anpaBHa CTaHLUifl, CaHiTapHO-
enigemionoriyHa ouyiHka, pu3nkoBuii nigxin, 3abpyaHeHHs
armocgepHoOro nosiTps.

© MorunbHuii C.M., MaxHiok B.M., YepHudeHko 1.0.,
JintBnyenko O.M. CTATTS, 2017.
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sible unfavorable effect on the
conditions of its vital functions.
Objective of the work is a
detection of risk indices for the
health of the population from the
environmental contamination with
the chemicals created by the
emissions of the FS of various rat-
ings, taking into account territorial
features of the residential areas.
Materials and methods. The
methods of sanitary-and-hygienic
examination of operating objects;
sanitary-and-epidemiological
examination of the SPZ designs for
the FS of different ratings, risk
assessment were applied in the
work. Risk conception is consid-
ered as a main mechanism for
development and management
decisions directed on the reduction
of the environmental contamination
and prevention of its unfavorable
effect on the health of the popula-
tion. We used the Methodical
Recommendations “Assessment of
the Risk for the Health of the
Population from the Ambient Air
Pollution. MR 2.2.12-142-2007"
adopted by the Ministry of Public
Health of Ukraine (Order N184,
13.04. 2007) [4]. Methodology of
risk assessment was applied in the
study for the assessment of calcu-
lation concentrations of the pollu-
tants in ambient air of the filling sta-
tions being built or reconstructed.
Results and discussion. 50
designs of the construction
/reconstruction of the FS of small,
average, and large ratings were
studied for the detection of sani-

o

tary-and-hygienic problems of
modern planning organization of
the construction of the residential
areas of Ukraine on the location of
new and reconstruction of existing
FS by means of sanitary-and-epi-
demiological examination, using
risk assessment methodology.
Specific pollutants from the
operation of the FS are saturated
hydrocarbons, gasoline, and
kerosene, unspecific — nitrogen
dioxide, hydrocarbon oxide from
the operation of motor engines,
and also black, sulfur dioxide,
methane from the operation of
boilers and diesel generators of
the FS; contribution of the last
ones is mostly minimum in total
emissions of designed FS.
Calculated maximum concen-
trations of the specific pollutants
in the ambient air in the area of the
location of the FS of small rating
and risk indices of the develop-
ment of negative effects in the
health of the population depend-
ing on the distance of their loca-
tion are demonstrated in table 1.
Maximum concentrations of the
specific pollutants (gasoline, satu-
rated hydrocarbons, kerosene,
nitrogen dioxide, and carbon
monoxide) in the ambient air in the
areas of the small FS at the dis-
tance of 25 m from the sources of
emissions (i.e. on the industrial site
of the FSs), at the standard SPZ of
50 m, and at a distance of 100 m
didn’t exceed the hygienic stan-
dards according to the Sanitary
Rules and Norms 4946-89

Table 1

Expected ambient air pollution in a zone of the impact of the
FS of small rating (by the materials of the calculation of the FS
construction/reconstruction and risk ratios of the development
of negative effects in the health of the population)

Concentrations of the pollutants at different distances
from the sources of emissions, m
Pollu- 25 40 50 100

tants Propor Propor Proporti Proport
mg/m3|tions of|mg/m3|tions offmg/m3| ons of | mg/m3 | ions of

MAC MAC MAC MAC
Gasoline 0.295-/0.059-| 0.3- |0.026-|0.125-| 0.025- | 0.075- | 0.015-
3.25 | 0.65 2. 0.52 | 1.35 | 0.27 | 0.775 | 0.155

HQ 4.2-45.8 1.8-36.6 1.8-19.0 1.1-10.9
Eg:jbrgr-]s 0.032-|0.032-|0.005-|0.005-|0.002-| 0.002- [0.0001-|0.0001
0.554 | 0.554 | 0.430 | 0.430| 0.30 | 0.30 0.06 | -0.06

Cc12-C19

HQ 0.45-7.8 0.007-6.1 0.03-4.2 0.001-0.85
Kero- 0.312-| 0.26- |0.264-| 0.22- | 0.19- | 0.158- |0.0036-| 0.003-
sene 0.948 | 0.79 | 0.792 | 0.66 | 0.540 | 0.45 0.46 | 0.383

HQ 31.2-94.8 26.4-79.2 1.90-54.0 0.36-46.0
Nitrogen [0.004-| 0.02- {0.002-| 0.01- [0.001-| 0.005- |0.0008-| 0.004-
dioxide |0.069 | 0.345 | 0.067 | 0.33 | 0.039 | 0.195 |0.0158 | 0.079

HQ 0.10-1.73 0.05-1.68 0.03-0.98 0.02-0.4
Carbon |0.525-|0.105-| 0.05- | 0.01- | 0.05- | 0.01- | 0.02- |0.004-
oxide 220 | 044 | 215 | 0.43 2.0 0.4 0.585 | 0.117

HQ 0.18-0.783 0.02-0.72 0.02-0.67 0.01-0.2

“Sanitary Rules on the Protection of
Ambient Air of the Residential
Areas” and met the requirements of
the “ State Sanitary Rules for
Planning and Constructions of the
Residential Areas. State Sanitary
Rules N173-96” [5].

By the total indices of the
atmospheric pollution, calculated
by the maximum concentrations
of the specific pollutants at all dis-
tances (25, 40, 50, and 100 m), a
level of pollution was assessed as
an allowable one.

According to the international
methodology for the assessment
of the risk for human health, if cal-
culated risk ratio of chemicals
doesn’t exceed a unity, a proba-
bility of the development of the
hazardous effects under daily
exposure of this compound during
the whole life is insignificant, and
such an effect is characterized as
an allowable one; in case of the
exceeding of the unity, the proba-
bility of the beginning of haz-
ardous effects grows in proportion
to the HQ quantity [4, 6].

Classification of the levels of
non-carcinogenic risk is shown in
table 2.

On the basis of obtained quanti-
ties of risk ratios of the chemicals
(Table 2), a number of compounds
can be identified as the most nega-
tively affecting as the toxicants the
health of the population, living in the
residential construction close to the
territory of the FS. A qualitative
index of risk ratio by maximum
gasoline concentration is rather
high (>8) at all studied distances
with a tendency to a sharp decrease
;at25m —45.8,at 40 m - 36.6, at
50 m - 19.0, and at 100 m - 10.9.
The highest risk ratio is detected at
the industrial site (25 m) — 45.8, 2.5
times less at the standard SPZ
(50m) — 19.0, and 4.2 times less at
the distance of 100 m in compari-
son with the industrial site.

Calculated maximum concen-
trations of specific pollutants in the
ambient air in the area of the loca-
tion of average rating FS and the
risk indices of the development of
negative effects in the health of the
population, depending on the
remoteness of their location, are
shown in table 3.

By all specific substances,
expected ambient air pollution in
the zone of location of average rat-
ing FS on the verge of the norma-
tive SPZ of 50 m was not observed.
Even at the industrial site (at the
distance of 25 m from the sources
of the FS emissions) the concen-
trations of gasoline, saturated
hydrocarbons, nitrogen dioxide,
and carbon monoxide in the ambi-
ent air made up from 0.045 up to
0.8 MAC and didn’t exceed the
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PUCKOBBbIVI TOAXOA K .
CAHUTAPHO-3IMNMAEMWOJIONMMYECKOW OLIEHKN
PA3MELLIEHWS COBPEMEHHbIX
ABTO3ATPABOYHbLIX CTAHLUNN

MorunbHbii C.M., MaxHiok B.M.,

YepHuyeHko U.A., JintBuyeHko O.H.
lfocynapcTBeHHOEe y4ypexaeHne «VIHCTUTyT
006111ecTBeHHOro 340poBbsi M. A.H. Map3eesa
HAMH YkpawvHbi», . Knes

Llenbto paboTbl sBASIETCS OnpenaeeHue rnokasare-
JIevi pycka AJs1s1 340P0BbsI HACEJ/IEHUS OT 3arpsi3He-
HUST OKPYXKaIOLLEN Cpenbl XMMUYECKUMU BELLEeCTBa-
MU, co34aBaemMoro Bblbpocamy aBTo3arnpaBoYHbIX
craHuwi (A3C) pa3indHovi MOLLIHOCTH, C y4ETOM
TeppUTOpPUaIbHbIX 0COBEHHOCTEV CenmTebHbIX
TEPPUTOPUA.

Martepuanbl n metogsbl. B pabote ncrnosib3o8a-
JINCb METOAbI CAHUTAPHO-rMrMeHn4eckoro obce-
10BaHWs1 AENCTBYIOLMX OObEKTOB, CAHUTaPHO-3Mu-
LAEeMUOSI0rN4ecKom SKCrnepTr3bl MPOEKTOB CaHu-
TapHO-3aLnTHbIX 30H A3C pasinyHov MOLLHOCTH,

o

BbiBoabl. [10s1y4eHHbIe pe3ybTaTbl CBUAETE b-
CTBYIOT, YTO caHuUTapHas knaccuouvkaumns npea-
npusiTUii u NPou3BOACTB TPEOYyEeT nepecmoTpa n
HOPMUPOBaHUS ANpdepeHUNPOBaHHbIX CaHU-
TapHO-3alUNTHbIX 30H ( MUHMMAasIbHas N Makcu-
manbHast) ansa A3C ¢ y4eToM MOLLHOCTU, BHE-
peHUs 9P PEKTUBHbBIX MPUPOAOOXPAHHBIX MEPO-
NPUSATUN U MPUMEHEHUS PUCKOBOIo rnoaxoaa K
CaHUTapHO-3NUAEMNOJIOrMYECKOMN OLlEHKE pa3-
meleHust ASC.

JlokazaHa HEOOX0ANMOCTb BHELPEHMST HA CYLLIE-
cTByoLMX 1 npoekTupyembix A3C obopynoBaHus
U151 CAEPXNBAHWS KAHLIEPOreHHbIX UCMapeHui rnpu
3anpaBkax TPaHCMNOPTHbIX CPEACTB, 4HTO obecrneynTt
YMEHbLLIEHNE 3arPsi3HEeHUs1 NMPOC/I0VKY BO3ayXa
pabouyeri 30HbI paboTHkoB A3C 1 okpyxatoLLeri
cpeabl npuaerarLLe Xnuiom 3aCTPONKH.

Kniodyessbie cnoBa: aBTo3anpaBo4yHasi CTaHLUUS,
CaHUTapHO-3NUAEeMnoJIorndieckas oueHka,
PUCKOBBIN noaxon, 3arpsi3aHeHue

OLIEHOK pUCKa.

armocgepHoro Bosayxa.

hygienic standards by the Sanitary
Rules and Norms 4946-89.
Analysis of the obtained risk ratio
quantities of the chemicals, repre-
sented in Table 3, indicates a high
risk ratio by a maximum gasoline
concentration both on the verge of
standard SPA of 50 m — 29.6 and at
the distance twice more than the
standard SPZ - 100 m (5.6). Risk

analogous indices of small FS.
From the above materials it can
be stated that the risk ratios of the
development of non-carcinogenic
effects are more informative for
the assessment of the impact of
air environment on the population
in the zone of FS location than the
pollution indices. By the quantities
of non-carcinogenic risk, the pol-

blood are man’s critical organs
and systems because the pollu-
tants from the FS emission
sources (gasoline, kerosene, car-
bon monoxide, and nitrogen diox-
ide) affect them firstly.

Table 2
Classification of the levels
of non-carcinogenic risk

ratio by the maximum concentra- Iutants from the sources of emis- Risk ratio of the
tion of hydrocarbons is also high sions of all types of FS (small, Level of | developmentof non-
(>3) onthe verge of standard SPZ - average, large), especially risk carcinogenic effects
6.3, and alarming (1.1-3.3) at the kerosene, were dangerous for (HQ) for separate
distance of 100 m (2.8). human health, though the maxi- compounds
Analogous situation on the mum concentrations didn’t | High >3
expected ambient air pollution is exceed their MAC and pollution -
observed in a zone of the location  index was less than a unity. Alarming 1.1-3
of high rating FS (table 4). The respiratory system, cardio- | Allowable 0.11=-1.0
On the verge of normative SPZ of vascular system, liver, kidneys, —
50 m, the large rating FS doesn’t central nervous system and the | Minimum 0.1 and less
create the levels of ambient air pol- (desirable)
lution (by all pollutants) that Table 3

exceed the hygienic standards by
the Sanitary Rules and Norms
4946-89.Maximum concentrations
of gasoline, saturated hydrocar-

Expected ambient air pollution in a zone of average rating FS
(by the materials of the calculations of construction/
reconstruction of the FS and risk ratios of the development of
negative effects in the health of the population)

bons, nitrogen dioxide, and carbon Concentrations of the pollutants at different distances from the
up from 0.041 up to 0.59 MAC.
The quantities of the risk ratios | pgjutants 25 40 50 100

of the C_her_nlcals, p_rese.nted In Propor- Propor- Propor Propor
Table 4, indicate a high risk ratio mg,/m3| tions of [mg/m3|tions of [mg/m3| -tions |mg/m3| -tions
by maximum gasoline concentra- MAC MAC of MAC of MAC
tion both on the verge of standard - - . . . - . -
SPZ of 50 m — 20.4 and at a dis- | Gasoline | a'a5 | %55 | 555 | oas 1222271 998 | 3:a5e 15925
tance twice as large the standard . . : . : : . :
SPZ of 100 m - 13.4.Risk ratio by HQ 15.4-56.2 7.0-31.7 4.2-29.6 1.8-5.6
the maximum hydrocarbon con- | Hydro-
centration is also high on the | carbons | 433 | 0.3 [0.105-/ 0.105-| 0.1 | 0.1 10.00020.0002
verge of the standard SPZ - 8.3 | C12-C19 ) ) ) ) ) ) ) :
and at a distance of 100 m (7.3), [HQ 4.6-7.2 1.5-6.3 1.4-6.1 0.003-2.8
for nitrogen dioxide on the verge -

K Nitrogen [0.009-| 0.045- [0.007-| 0.035- [0.006-| 0.03- [0.0028|0.014-
gf SPZ — alarming (1.8), for car- | jio.iqe | 0.013 | 0.067 [0.0104| 0.052 | 0.01 | 0.05 | -0.01 | 0.05

on monoxide — allowable (0.24).

Mentioned indices of risk ratios of HQ 0.23-0.34 0.18-0.26 0.20-0.25 0.07-0.25
the effect of gasoline and hydro- [ Carbon [0.525-]0.105- [ 0.5- [ 0.1- [ 0.4- [ 0.08- [ 0.3- [ 0.06-
carbons of high rating FS are | monoxide| 0.55 | 0.11 | 0.55 | 0.11 0.5 0.1 0.45 | 0.09
higher than 1.9 and 2.3 times the  [jq 0.18-0.18 0.17-0.18 0.13-0.17 0.10-0.15
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Requirements to the quality of
gasoline, diesel fuel and control of
the emissions from the FS were
established by the Directives of
the European Union 2008/50/EU
of 21.05.2008, 2004/42/EU of
21.04.2004, 1999/32/EU of
26.04.1999, 98/70/EU of
21.05.1998 and 94/63/EU of
20.12.1994. They should be
implemented into the national
sanitary legislation.

Conclusions

1. Sanitary classification of enter-
prises and productions was proved
to require the review and the nor-
malization of differentiated sani-
tary-and-protective zones (mini-
mum and maximum SPZ) for the
FS, taking into account a quantity,
introduction of the effective air pro-
tective measures and risk approach
to sanitary-and-epidemiological
assessment of the FS location.

2. It is necessary to implement
the equipment for getting of the
carcinogenic evaporations at the
filling of vehicles at the existing and
designed FS to decrease a pollu-
tion of air layer of working zone of
operating FS and environment of
the adjacent residential construc-
tion and to meet the EU require-
ments (2008/50/EU of 21.05.2008,
2004/42/EU  of 21.04.2004,
1999/32/EU  of 26.04.1999,
98/70/EU of 21.05.1998, 94/63/EU
of 20.12.1994) to the quality of
gasoline, diesel fuel and control of
the FS emissions, and the national
legislation of Ukraine (State
Sanitary Rules Ne173-96, Sanitary
Rules and Norms 4946-89).
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