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ethyl tert-butyl ether (MTBE) is a known
fuel oxygenate, which is added to gasoli-
ne to improve combustion efficiency and
to reduce air pollution. Due to its high oc-
tane level, ease blending with gasoline
and low cost, MTBE is the most widely us-
ed oxygenate. The production of MTBE
was started in the 1970°s and, by the end
of the century, world demand of MTBE
has reached 22 million tons per year [1].
Rapid growth of MTBE usage has resul-
ted in wide environmental pollution.
Nowadays, MTBE has frequently been
detected in water, as result of accidental
releases and due to its high water solubi-

lity, low soil adsorption and poor biode-
gradability [2-4]. It is also difficult to elimi-
nate MTBE from water using traditional
treatment methods [5, 6]. Moreover,
MTBE has become a concern for human
health; MTBE exposure can cause skin ir-
ritation, central nervous system depres-
sion and mental confusion as well as can-
cer [7]. US EPA considered MTBE as a
suspected human carcinogen [8].
Studies on bacteria were mostly con-
centrated on toxicity of MTBE in stan-
dard tests, i.e. Ames test with Salmonel-
la typhimurium [9]. Others were devoted
to biodegradation ability of bacterial
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YhiBepcuteT Peccanii, kapeapa ixtionorii Ta akBaTMyHoOro cepenosuLLa, fpeLis
Metun TpeTt-6yTunosuii edip (MTBE) (CsH;,0) € cy4acHuM OKcureHatopom
6eH3uHy (OB), skuii niaBuLLLYYE HOro OKTaAHOBE YUCJ/IO Ta 3MEHLLIYE 3a0PYyAHEHHS
arMoC@epHOro rnoBITPS, 3HWXYKYU KiSlbKICTb LLUKIAIMBUX BUKULIB aBTOMOOIIbHUX
ABuryHie. O6'emu BUPOOHMLITBA Ta crioxuBaHHS MTEBE y cydyacHUX yMoBax
CTaHOBJISITb 61M3bKO 13,5 MJIH. TOHH LLOPIYHO, a Foro Ais Ha 4OBKIiIsS Ta
3/10pOB's JIIDANHWN € HEAOCTaTHLO BMBYEHOK. MeTor poboTu 6y/10 BCTAHOBUTU
BrivB MTBE Ha okpeMmi Buan 6akTepivi MOpCbKOi BOAW. binbLuUiCcTb BioMux
MIKPOOGIOOriYHNX AOCIAXEHb MPUCBSIHEHA BUAIIEHHIO CrieUndidHnX
MikpoopraHiamiB, 3aaTtHux Ao bioaecTpykuii MTBE, abo TOKCUKOI0OMYHUM
aocnimkeHHsam (Tect Evimca). Pa3om 3 Tum aaHux oo By MTBE Ha
caHiTapHo-rnoka3oBy 6akTepiasbHy 0Py 006 '€KTIB AOBKI1JIS, 30KpeMa BOAOVM,
ony6ikoBaHO HeAOCTATHbLO. Y rnonepeaHivi poboTi Hamm byna 3pobsieHa cripoba
BCcTaHoBUTK Br/inB MTBE Ha caHiTapHO-Moka30Bi MiKpOopraHi3mMuy MOPChKOI
BOAM, MPOTE PEeIyJSIbTarvi BUSIBUJINCS CyrnepedanBumMmu. Y Uiri poboTi HaBeaeHO
pe3ynbTaTtv 4OAATKOBYX AOC/IAXEHb MOBEAIHKN 3POCTalYmx KOHUeHTpawii MTBE
(Bin 0,015 go 150 Mmr/n) y MOPChKIvi BOAI LLIOAO0 OKPEeMuX BUaiB 6akTepiii.
JocnigxeHHs npoBoAnanCs y MikpobioaoriyHivi iabopartopii kageapu ririeHn
YHiBepcuteTty ApuctoTtens micta CanoHikv ([peuisi) y paMkax BUKOHaHHS MPOEKTY
€sponevicbkoro Coto3y Epaamyc MyHayc. O6'ekToM AOCiAXEHHS] Oy/ia MOPCbKa
BoAa, 3abpaHa 3 rpurnopToBOi 30HN TePMasibHOro 3auBy Ereicbkoro Mops.
licns npurotyBaHHs 10% po3BeAEHb 3 BUKOPUCTAHHSIM MEernToOHHOI Boaw rnpobu
MopchkKoi BoaM 3mityBanmvcsi 3 MTBE ta Mikpob6io0ridyHO AOCHIAXYBaaNCS 3rigHO
3i ctaHaapTHuMn metogamm — ISO 6222 (Bu3Ha4eHHs 3arasibHoi KislbKOCTi
aepobHUX Me30QinbHVX MiKpoopraHiamiB); APHA 9222 (Bu3HayeHHs1 6akTepivi
rpynu knwkoBoi nannydku (BIrKr1) Ta ixHix pekanbHux popm), ISO 7899-2
(Bu3Ha4eHHs eHTepokokiB) Ta ISO 16266 (Bn3Ha4yeHHs1 Pseudomonas aerugi-
nosa). OTpyMaHi pe3ynbTaty 3acBigyYuiv, L0 CEPEA AOCIOXYBaHNX
MikpoopraHiamiB HarbinbL YyTavBumn 4o MTBE Bussunncs BIKT. JaHi
KOPesnsuiriHOro aHasidy 1a aHasidy MHOXWHHOI JIIHIVHOI perpecii cBia4van rnpo
CTaTUCTUYHO [IOCTOBIPHE 3MEHLLIEHHS YucesnbHocTi BIKIT 3i 36inbLueHHIM
KoHUeHTpauii MTBE. KonvBaHHS Temrepatypy BoAW Ta NoBiTPS rig 4ac Bigbopy
3paskiB He MaJsivi JOCTOBIPHOIroO BIJINBY HA OTPUMAaHI pe3ysibtatn. MexaHiam aii
MTEE Ha baktepiasibHi KIITUHN HaMW HE BUBYaBCS, MPOTE € MPUMYLLEHHS, LLjO
okpim MTBE 6akTepuumaHy Aito BUSIBSIIOTE MPOAYKTY FIOro po3naay — TpeT-
6ytunoBuii cnvpt (TBC), TpeT-6yTnnoBuii popmiat (TbP) Ta popmansaeria.

Knioyogi cnosa: okcureHaTtopu 6eHsvHy, MTBE, Boaa, 3a6pyaHeHHs, 6akTepi.
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strains extracted from MTBE pollu-
ted sites. Available data suggest
that the following microorganisms
are able to completely consume
MTBE: Achromobacter xylosoxi-
dans MCM1/1 [10], Methylibium
petroleiphilum PM1 [11], Myco-
bacterium austroafricanum IFP
2012 [12], Hydrogenophaga flava
ENV735 [13], Aquincola tertiari-
carbonis [14]. Also, some strains
of bacterial species, such as
Methylobacterium, Rhodococcus,
Arthrobacter, Bacillus, Pseudomo-
nas are able to partly degrade
MTBE [15-18].

In the present study, we aimtoin-
vestigate whether MTBE has got
any influence on the microflora of
sea water, by studying standard sa-
nitary microbiological indicators of
water contamination, which indica-
te general pollution by organics.
Our previous study on sea water
sanitary microflora and MTBE
showed contradictory results with
no statistical evidence [19] and di-
rected us to carry out an extended
research to confirm or refute or
previous findings. MTBE invokes
strong interest to the scientific
community, technocrats, and poli-
cy makers, in order to understand
its fate in aquatic environment and
consequently sustain ecological
balance and protect public health.

Materials and methods

Sampling and preparation of
samples. Samples were collected
from the port of Thessaloniki, Gre-
ece. Thessaloniki maintains the se-
cond largest seaport of Greece lo-
catedin a closed gulf (Gulf of Thes-
saloniki), which is the edge of the
largest Thermaicos Gulf at the
north-west of the Aegean Sea. The
gulf is characterized by a massive
ship transport and, thus, sea water
is expected to be burdened conti-
nuously with several chemicals re-
leased by vessels.

Sampling occurred at 7 different
days between January and April
2010. Weather conditions were re-
corded at sampling dates. We us-
ed a bathometer, with an attached
sampling bottle of 1L capacity, to
collect water from a depth of at le-
ast one meter; in this way, we

v

avoided sampling from the surfa-
ce, where the number of microor-
ganisms is expected to be remar-
kably influenced by environmental
factors, such as solar radiation.

Samples were delivered immedi-
ately to the Laboratory of Hygiene,
Medical School, Aristotle Universi-
ty of Thessaloniki and were asses-
sed for the detection and enume-
ration of indicator bacteria by ap-
plying membrane filtration method.
We spiked the sea water samples
with pure MTBE chemical (Merck
KgaA, Darmstadt, Germany). Pre-
pared spiked aliquots included
MTBE at the following concentra-
tions: 0.015 mg/L, 0.15 mg/L,
1.5 mg/L, 15 mg/L, and 150 mg/L;
we also tested a non-spiked
aliquot, serving as control. We deli-
berately used the same concentra-
tions of MTBE as in previous study
in order to have the opportunity to
compare results of both studies.

Because sea water usually inc-
ludes a large number of bacterial
cells, all aliquots were diluted with
peptone diluent at 10% dilution
(10 ml aliquot plus 90 ml peptone
solution), before membrane filtra-
tion. This was necessary for obta-
ining distinct colonies on the
membranes; bacteria counts were
multiplied by 10 and the final res-
ults were expressed by 100 ml of
water (cfu/100ml).

Microbiological analysis (coun-
ting and confirmation). We followed
international standard methods for
enumeration of: total aerobic mes-
ophilic microbial flora (ISO 6222);
total coliform and faecal coliform
bacteria (APHA 9222); bacteria of
the genus enterococcus (ISO
7899-2); and Pseudomonas aeru-
ginosa (ISO 16266) [20]. For the
enumeration of total microbial flora,
1 ml of each aliquot was drawn on a
Petri dish and melted yeast extract
agar was poured into the dish (pour
plate method). For the rest indica-
tors, 100 ml of each diluted aliquot
was filtered through a 0.45 um pore
membrane and the membranes
were transferred onto mEndo agar
LES (Merck KgaA, Darmstadt, Ger-
many), MFC agar (Oxoid Ltd, Ba-

singstoke, Hampshire, England),
Slatzet & Bartley medium (Oxoid
Ltd, Basingstoke, Hampshire, En-
gland) and Pseudomonas CN
(Oxoid Ltd, Basingstoke, Hampshi-
re, England) agar for the detection
and enumeration of total coliforms,
faecal coliforms, enterococci and
Pseudomonas aeruginosa respec-
tively. Afterwards, the dishes were
incubated properly. Characteristic
colonies were counted and confir-
matory biochemical tests were per-
formed to verify the presence of the
bacteria indicators. Generally, all
stages and confirmatory tests were
performed according to the techni-
cal specifications described by the
respective standard methods [20].
More specifically, confirmation of
total and faecal coliforms was ba-
sed on subculturing at least five se-
lected colonies in Lauryl Sulfate
broth — Brilliant Green Bile broth
and EC-MUG respectively; confir-
mation of intestinal enterococci
was taken place by transferring the
membrane, with all the colonies,
onto Bile Aesculin Azide agar; con-
firmation of Pseudomonas aerugi-
nosa species was occasionally ba-
sed on the production of blue/gre-
en (pyocyanin) colonies; alternati-
vely, if pyocyanin producing coloni-
es were not present, confirmation
was based on subculturing fluores-
cent colonies (not producing
blue/green colour) in Acetamide
broth and reddish-brown colonies
in Acetamide broth, King's B medi-
um and by performing oxidase test.
From the number of characteristic
colonies counted on the membran-
es, and taking account of the pro-
portion of confirmatory tests per-
formed, we calculated the number
of confirmed bacteria and the res-
ults expressed as colony-forming
units in a specific volume of sample
(cfu/100 ml). In the Yeast Extract
agar cultures no confirmatory tests
were performed, since all grown
microorganisms were calculated.

Statistical analyses. We investi-
gated for potential associations
between microbial count and
MTBE concentration calculating
the Pearson correlation coefficient

Table
The multiple linear regression analysis of MTBE influence on TC count
Unstandardized | Standardized 95% Confidence Collinearity
Coefficients Coefficients . Interval for b Statistics
Model t Sig. 0 U

b SE(b) Beta B(C))\Lljvr?(; ngsc; Tolerance | VIF
(Constant) 35.221| 5374 | = ----- 6.554 | 0.000 | 24.342 | 46.100
AirTemp -1.111 | 0.674 -0.351 -1.648 | 0.108 | -2.476 0.253 0.299 3.343
WaterTemp -0.256 | 0.748 -0.073 -0.343 | 0.734 | -1.770 | 0.257 0.299 |3.343
MTBE Concentration -0.113 | 0.023 -0.559 -4.800 | 0.000 | -0.160 | -0.065 1.000 1.000
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MOBEAEHWE METWJI TPET-B6YTVJIOBOIO
OPUPA B MOPCKOW BOJE MO OTHOLLIEHWVIO
K OTAEJIbHBbIM BUAAM BAKTEPUN
lapkassiii C.C., Mananpenounuc I1.,
Kananp3uc T.
Metun tpet-6yTnnoBsivi a¢up (MTBE3I) (CsH,50)
SIBJIIETCS] COBPEMEHHbLIM OKCUreHaTopoM
6eH3uvHa (OB), KoTopbIVi MOBLILLAET €ro
OKTaHOBOE YMCJI0 M YMEHbLLUAET 3arpPsi3HEHNE
arMoC@EPHOro BO34yxa, CHUXas KoJIM4eCcTBO
BpeHbIX BbIOPOCOB aBTOMOOUJIbHbIX
asuraresneri. O6beMbl MPOU3BOACTBA U
notpebneHuss MTB3 B COBPEMEHHbIX YCIIOBUSIX
COCTaB/ISOT 0K0J10 13,5 MJIH. TOHH eXeroAHo, a
€ro AeVicTBUE Ha OKPYXKaIOLLLYO Cpeay v
310pPOBbE YEJI0OBEKA SBJISIETCS HEAOCTATO4YHO
n3y4yeHHbIM. Llesbio paboTekl ObIIO YCTaHOBUTH
BnsiHne MTB3 Ha oTaesibHbIe BUbl OaKTepui
MOPCKOVi BOAbl. 50/IbLLUMHCTBO N3BECTHbIX
MUKPOOUOJIOrNYEeCKMX MCCIIeA0BaHN
MOCBSILLEHO BblAEJIEHNIO CMIELINPUYECKUX
MUKPOOPraHN3MoB, CrI0COOHbIX K
6uoaecTpykumm MTBS, 1y TOKCUKOIOrM4eCcKum
nccnenoBaHusM (TecT Arimca). BmecTte ¢ Tem
JAaHHbIX 0 BAvsIHUM MTB3 Ha caHUTapHO-
riokasaresibHyro bakTepuasbHyo Gaopy
0OBLEKTOB OKPYXKaIOLLIEV Cpebl, B 4aCTHOCTH
BOAOEMOB, 0ryb/IMKOBaHO Masio. B npeabiayiuen
paboTte Hamu bbisia NPeanpPuHSTa rnorbITka
yCTaHOBUTb BansH1ne MTB3 Ha caHUTapHO-
rnokasareJsibHble MUKPOOPraHn3Mbl MOPCKOM
BO/Abl, OAHAKO MOJIYHEHHbIE PE3Y/IbTaThl
okasaJimck rnpoTuBopeYnBbIMU. B HacTosiLer
paboTe npeacTaB/ieHbl PE3Y/LTaThkI
A0MOJIHNUTEJIbHbIX MCCAEL0BaHWI MOBEAEHMS
BO3pacTarLLmX KoOHLUeHTpauwi MTB3 (ot 0,015
A0 150 mr/n) B MOPCKOV BOAE MO OTHOLLIEHUIO K
oTAE/IbHbIM BYAaM OaKkTepui. SKCrnepumMeHT
rpoBOANIICS B MUKPOOMOIOrM4E€CKOM

v

naboparopun kageapbl rmrneHsl YHmBepcuteTa
Apuctotens ropoga CanoHuku ([peuusi) B
pamMkax BbIroJIHEHVS rpoekTa EBponerickoro
Corto3a Spacmyc MyHayc. O6bekTom
uccnenoBaHus bblaa Mopckasl Boaa,
0TOBOpPaHHasi N3 rPUNopPTOBOL 30HbI
TepmasibHOro 3anavBa 3revickoro mopsi. locne
npurotosnerHus 10% pa3BeneHuvi c
MCMO/Ib30BaHNEM MENTOHHOV BOAbI MPOObI
MOPCKOV BOAbI cMeLunBaincb ¢ MTBO u
MUKPOBUOSIOrNYECKN NCCI1EA0BAJINCH COMTIACHO
cTaHaapTHbIM meTogam — ISO 6222
(onpegeneHne obLLEro KOIMYECTBA a3PO0BHbIX
Me30pUIIbHbIX MUKPOOPraHnu3moB);, APHA 9222
(onpeneneHne bakTepuii rpymbl KULLEYHO
nanoyku (BIrKri) n nx gpekanbHbix popm), ISO
7899-2 (onpeneneHne aHTepokokkoB) n ISO
16266 (onpeaeneHne Pseudomonas aerugi-
nosa). [Nosny4yeHHble pe3ysibTatkl rnokasasau, 4YT0
cpeav nccnenyemMbix MUKPOOPraH1M3MOB
Hanbosiee 4yBCTBUTEJIbHbIMU K MTB3 oka3annck
GErKT1. JaHHble KOppesisLuMOHHOro aHaam3a
aHasin3a MHOXEeCTBEHHOW JIMHENHOV perpeccum
CBUAETENLCTBOBA/IN O CTATUCTUYECKU
ZI0CTOBEPHOM YMEHbLUEHUU YnucieHHocTu BIKI
C yBE/IMHEHNEM KOHLeHTpauun MTB3.
KonebaHusi Temnepartypbl BOAb! Y BO3AyXa rpu
oTbope rpob He oka3blBasin CyLLIECTBEHHOIO
BJINSIHVISI HA MOJ1YHE€HHbIE pe3ysbTatbl. MexaHu3m
aevictBus MTB3 Ha 6akTepualibHble KIEeTKU
Hamu He n3y4ascs, 0A4HaKko eCcTb
npeanoioxXeHve, 4yTo kpome MTh3
bakTepuunaHoe AeCTBMUE MPOSIBASIOT MPOAYKThI
ero pacnaga — TpeT-0yTuaoBbivi civpT (TEC),
TpeT-6yTnnoBbIk popmuart (TbD) n
popmanbaervs.

KnioueBble cnoBa: okcureHaTopbl 6eH3uHa,
MTB3, Bona, 3arpssHeHne, 6aKkTepuum.

(r); the non-parametric Spear-
man'’s correlation coefficient (r);
and by applying multiple linear re-
gression analysis. In the regression
analysis, air temperature and water
temperature were considered as
covariates in the model.

Results and discussion. The
Spearman correlation test found a
statistically  significant  result
(rs=-0.386, p=0.012) between total
coliform (TC) count and MTBE.
Although the strength of this associ-
ation does not appear to be very
high (absolute rg = 0.386, i.e. quite
smaller than 1), this result suggests
that the microbial count tends gen-
erally to decrease as the concentra-
tion of the chemical increases. The
Pearson correlation test also gave a
negative and even stronger associ-
ation (r=-0.475, p=0.001) for TCs,
but the latter result cannot be evalu-
ated, because none of the correla-
ted variables was normally distribu-
ted; violations from normality is an
issue of concern when interpreting
Pearson'sr.

The results of the multiple linear
regression analysis are displayed in

table. The dependent variable in
this analysis was the square root of
TC count (sqrtTC); this transforma-
tion was applied in order to enable
a normal distribution of the depen-
dent variable, which enhances the
validity of the significance test. The
regression analysis revealed a
highly significant (p<0.001) negati-
ve association between sqrtTC and
concentration (b=-0.113). Water
temperature and air temperature
did not give significant b-coeffici-
ents and, therefore, they do not se-
em to be predictors of sqrtTC.

The slope coefficient of con-
centration variable denotes that
for every increase in the concen-
tration of MTBE by 1 mg/I, the
square root of TC is decreased by
0.113 units, which gives about
0.013 bacterial cells (i.e. the res-
ult transformed back to ordinary
count). This suggests a very small
effect of the chemical, which is
statistically significant though.
The adjusted >R2 is >0.444; this
means that 44.4% of the variation
of sqrtTC may be explained by va-
riations in the concentration of the
chemical. This value of 44.4% is
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not large enough to suggest a
strong linear relationship between
the associated variables; con-
sequently, the value of the slope
coefficient (b) may not be consi-
dered appropriate for predictions
of the number of TCs. Overall, the
fact that the b-coefficient for con-
centration is highly significant
provides evidence that there is a
negative relationship between TC
count and MTBE concentration
and this result is adjusted for tem-
perature variations in the seawa-
ter and in the atmosphere.

The analyses for the other in-
vestigated bacteria — total micro-
bial count, fecal coliforms, ente-
rococci and pseudomonas speci-
es — gave no statistically signifi-
cant results. There was no eviden-
ce of any association of the num-
ber of the above species with the
concentration of MTBE.

Discussion. Studies on MTBE
behavior in the environment are es-
sential in assessing general poten-
tial hazards of this exogenous che-
mical. There have been a series of
experiments on deriving specific
bacteria from MTBE polluted sites
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able to decompose this chemical,
the results of which could be appli-
ed as an alternative treatment
methodology. Still, to our knowled-
ge, there is lack of information
about the exact interaction of
MTBE with the microbial flora of
water and soil. Coliform bacteria
are one of the most representative
indicators of sanitary quality of wa-
ter and their variability may be quite
informative in evaluating environ-
ment pollution. In the present study
we attempted to investigate a cor-
relation between levels of MTBE
pollution in sea water and the num-
bers of bacterial cells of certain sa-
nitary indicator species. Our res-
ults have shown that only the total
coliform bacteria have statistical
response to MTBE. We have found
dose-dependent changes in num-
ber of total coliforms bacteria —
when concentration of MTBE is be-
ing increased, number of total coli-
form bacteria are being decreased.
The mode of this action needs to
be clarified by biochemical and
molecular studies which will aim to
determine the molecular mecha-
nisms of MTBE action on bacterial
metabolism. We hypothesize that
not only MTBE itself does it cause
bacteria growth suppression but
also its by-products, tert-butyl al-
cohol (TBA), tert-butyl formate
(TBF) and formaldehyde (listed by
EPA as potential human carcino-
gens), contribute to bactericidal
action. We expected to find positi-
ve trend in growth of Pseudomonas
species in high MTBE concentra-
tions as there is the data about that
P. aeruginosa can survive in fuel
organics and even uses it as nutri-
ents for growth. But our study did
not clearly justify this assertion.
Practically, our results may be ap-
plied in evaluating MTBE toxicity in
water microorganisms. We have
observed in our study that MTBE
behaves in living microorganisms
diversely, causing inhibition of so-
me species. Therefore, we conclu-
de that MTBE has to be routinely
monitored in environmental media.
Since the amounts of its produc-
tion and usage in the world are still
high and count around 13,5 Mt an-
nually [21] there is a concern about
its releases into environment. In
spite of active promotion of biofu-
els containing bioethanol and its
product bio-ethyl tert-butyl ether
(ETBE), MTBE s, so far, the fuel ox-
ygenate of choice in countries of
the Eastern Europe, Middle East
and Asia. Ukraine consumes nearly
200 thousand tons of MTBE yearly
and this consumption is expected
to raise in the near future, as the
country is about to revise the regu-

v

latory base for fuel quality in order
to meet the European Euro 2 and
Euro 4 standards [22].

Conclusions. The results of
the present study suggest that
MTBE may be cause inhibition of
total coliform bacteria in sea wa-
ter. Taking into account our pre-
vious findings showing mixed
results, current data point that of
MTBE in ranges from 0,015 to
150 mg/L, impacted the TC
growth. These results should en-
able the prospect studies on
MTBE and water microbiology as
part of studies for understanding
the mechanisms by which MTBE
can interact with some bacterial
cells making them able to survive
in hostile environments or to
cause the inhibition of others. It
needs to be pointed out that our
results are applied on salt sea
water and their relevance for
fresh water still remains not evi-
dent. We believe that MTBE may
be a quite suspicious volatile or-
ganic compound, soluble and
stable in water, especially in
ground water. Known cases of
ground water pollution by MTBE
in the USA and detection of
MTBE in water of some countries
of Europe suggest that this che-
mical deserves to be thoroughly
studied for a better understan-
ding of its behavior in the ambient
media, so that enabling protec-
tion of the environment and public
health.
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TTIEHIYHI MHTARAS CYYACHOID CTAHY
NUTHOTO BORONOGTAYAHHS
NAGAXKHPCHKHX NOTATIB

UYPKAH B.I"., A49400H B.M.,
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HepxaBHuin 3aknag "CaHiTapHo-
enigemionoriyHa ctaHuiqa
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OOHi pecypcu, sKi BUKOPUCTOBY-
I0TbCSA AN NNTTS | FOCNOAAPCHKO-
nobyToBUX Ljinei, € 0OHUM 3 ro-
JNIOBHUX HaKTOPIB PU3NKY, LLLO Mae
CYTTEBUI BMAVB Ha piBEHb 340-
POB'St HACENEHHSA Ta NOTPebye BU-
pilleHHs Takoi rnobanbHoi TpaHc-
KOPAOHHOI nNpobnemu, sk 3abes-
NeYeHHs OOCTyny HacCesieHHs [0
NUTHOI BOOW rapaHTOBAHOI SKOCTI
[6, 8, 11]. 3ani3HMYHMA TpaHC-
NnOPT € 3Ha4yHMM CMOXVBAYEM
nuTHOT Boan. OCTaHHIMK pokamm
CnocTepiraeTbCa TEeHAOEHLIa 00
36iNbLLUEHHST BUKOPUCTAHHS BOAM
3ai3HULLEI0, L0 NOB'A3aHO nepe-
OyciM 3i 36inbLUeHHsIM obcsry ne-
peBe3eHb. OOQHNMM 3 OCHOBHMX Ha-
NPSMKIB  AOiSNbHOCTI OepXaBHOI
CaHiTapHO-enigemMionoriyHoi
cny>x0m Ha 3ani3HU4YHOMY TPaHC-
MopTi € opraxisauis i 34iNCHEHHSA
[Eep>XXaBHOro caHiTapHO-enigemio-
JIOri4YHOrO Harngay 3a mxepenamm
i BogonocTa4YaHHAM O0O'ekTiB, AKi
00CNyroByOTb MACAXUPCHKI Nepe-
Be3eHHs. ExcTepuTopianbHUin xa-
pakTep AisnbHOCTI 3aknagis oep-
>)KaBHOI CaHITapHO-enigemionoriy-
HOI Ccnyx6u Ha 3ani3HUYHOMY
TPAaHCNOPTi, KNI CNONYHaETLCH 3

TMIrMeHUYECKUE BOIMNPOCbLI COBPEMEHHOIO COCTOSIHUA
MITBEBOIO BOAOCHABXKEHWIS MACCAXKUPCKUX NMNOE340B
Lypkan B.T., AsaoH B.H., LLikypo B.B., Mapay A.H.

B ctatbe paccmatpuBaroTCs BOMPOChbl COBPEMEHHOIO COCTOSIHUS
MMTLEBOro 06ecrneYeHnss NacCaxupckmx nepeBo3oK Ha
XKeJIe3HO0POXHOM TPAHCIOPTE YKpauvHbl U MyTU ero
onTumun3saumn. Ha ocHoBaHWY PeTPOCNEKTUBHOIO aHaM3a
JaHHbIx 1a60paTopHbIX MCCIe[0BaHui 06pa3LioB BOAbI CUCTEM
BoAoobecrie4YeHus NacCaxupckmx BaroHOB [JOHeLIKOV Xene3HoM
Joporu 3a nnocaeaHue 3 roaa AenaeTcsi BbiIBOA O CHUXEHUM [0
rpoo6, KOTOPbIE HE COOTBETCTBYIOT HOPMAaTUBHbLIM TPEBOBaHWSIM.
OnncbiBaeTCs: aropuTM KOHTPOJIS KAYEeCTBa NMUTbEBOU BOAbI
raccaxuvpCckmux BaroHOB, KOTOPOIro NMPUAEPXNBAaKOTCS
crieymannctsl JJoHeLUKNX INHEVIHbIX CaHaNMUACTaHUui. OTMeYeHb!
CYLLIeCTBEHHbIE KOHCTPYKTUBHbIE HECOBEPLLIEHCTBA BarOHHbIX
crCTEM BOAOOOECIIEYEHMS, KOTOPbIE SKCIYaTUPYIOTCS] CEroAHs B
YkpanHe, 4TO 3Ha4YUTEJIbHO YBEJINYNBAET PUCK BO3HUKHOBEHUS
MHEKLIMOHHBIX OOSIE3HEN Y NacCaXupoB Xee3HOM A0POru.
lNoa4epknBaeTcsi HEOOGXOAUMOCTb HE3aMEAINTEIbHOIO BHECEHUS]
COOTBETCTBYIOLUNX KOHCTPYKTUBHbIX U3MEHEHUV B CUCTEMbI
MMTLEBOro BOA0OOECEYEeHNS MacCaxmnpPCKmx BaroHOB C LEJ1bH0
rOBBbILLIEHUS] UX CAHUTaPHO-3MUAEMNOIIOrNYECKOV 6€30MacHOCTH.
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