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The role of arbuscular mycorrhizal fungus Glomus intraradices in ***Cs isotope uptake by dif-
ferent plant speciesis studied. The impact of radiocaesium on mycorrhizal development and func-
tioning of plant photosynthetic apparatus is considered. The possibility of mycorrhizal symbiosis
application in phytoremediation of radioactively contaminated areas is andyzed. It is found that
colonization of plants by arbuscular mycorrhizal fungus resulted to significant decrease of
radiocaesium content in their aboveground parts, while it didn’t have considerable impact on the
radioclude uptake by plant root system. Keywords: radiocaesium, radioactive contamination of
environment, arbuscular mycorrhiza, arbuscular mycorrhizal fungi, plant photosynthetic appa-
ratus, mycorrhizal colonization, phytoremediation.

Posb apGycKyISpHOro MIKOPH3HOT0 cHMGio3y B Hakonmmdenni “*Cs amkopocaumu Ta
KyJIbTYpHHMH Buaamu pociauH. Cepriii Banepiiiopuu Jy6uak. JlocniukeHo ponb apOycKyis-
pHoro mikopusHoro rpuba Glomus intraradices y nakonmuenni izorormy ~ CS pisHUMH BUAGMU
pociuH. PO3MISIHYTO BIUIMB Paaiole3ito Ha PO3BHTOK MiKOpH3H Ta (yHKUIiOHyBaHHS (oTOCHHTE-
THYHOTO anaparty pociuH. [IpoaHai3oBaHO MOKIMBICTb 3aCTOCYBAaHHS MiKOPH3HOIO CUMOio3y y
¢itopemeniarii paznianiiino 3abpynaHeHnx Teputopiit. BeranoBieHo, 1o KooHi3alis pociuH ap-
OyCKyJISpHAM MIiKOPU3HMM TPHOOM IIPH3BEJIa 10 CYTTEBOTO 3MEHILICHHS KOHLEHTpALi paniore-
3i10 B IXHiif Ha/[3eMHiil yacTHHI i BOAHOYAC HE Majla 3HAUHOI'O BIUIMBY HA HAJXOJUKCHHS Pajiio-
HYKJIi1a 1O KOPEHEBOI CHCTEMH POCIUH. Kniouosi cio6a’ pamionesiil, pagioakTHBHE 3a0pyAHEHHS
JIOBKLILIA, apOyCKyJIsipHa MiKOpH3a, apOyCKyJISIpHI MIKOpPH3HI IpuOH, GOTOCHHTETHYHUI amapaT
POCIIHMH, MiKOpH3HA KOJIOHI3aLis, GiTopeMeniaris.

Poutb apGycKyJISIpHOr0 MHKOPH3HOTO CHMOHM03a B HAKOILIeHHH ~'CS JHKOPACTYIHMH ¥
KyJbTYpHbIMH Buamu pactenmii. Cepreii BanepneBuu /ly6uak. VccienoBana ponb apOy-
CKyJISPHOTO MUKOpH3HOro rpuGa Glomus intraradices B makoruiennn usorona Cs pasmmassivu
BHJIaMH pacTeHHil. PacCMOTPEHO BIMSIHKUE PaMOLE3Hs Ha PAa3BUTHE MUKOPHU3BI M (DYHKIIHOHUPO-
BaHHE ()OTOCHHTETHIECKOTO arnapara pacTeHuit. [IpoaHamn3npoBaHa BO3MOXKHOCTb IPUMEHEHUS.
MHKOPH3HOrO cuMOno3a B (puTOpeMeMalny pajHoaKTUBHO 3arps3HEHHBIX TEPPUTOpHil. Ycra-
HOBJICHO, YTO KOJIOHM3AIMsI apOyCKYJISPHBIM MHKOPU3HBIM I'PUOOM IpHBEIa K CYLIECTBEHHOMY
YMCHBUICHHIO KOHIEHTPALMU PAHOLE3Usl B UX HAJ3EMHOW YacTH M OJHOBPEMEHHO HE HMela
3HAYUTENIBHOTO BIIMSIHHUS HA MOCTYIUICHHS! PAJHOHYKIIH/IA B KOPHEBYIO CHCTEMY pacTeHuid. Kuwo-
yesble €064 PAANOLE3Hil, PAJHOAKTUBHOE 3arpsi3HCHHE OKPYIKAIOIICH cpefbl, apOycKyspHas
MHUKOpPH3a, apOyCKyJIsIpHbIE MUKOPU3HBIE TPHObI, POTOCHHTETHYCCKHIA amnapar pacTeHUH, MUKO-
pH3Has KOJIOHHU3ALHSI, QUTOPEMEHaLlHs.

Statement of the problem. The roughly 1 EBq (1018 Bqg) of long-lived
radiocaesium isotopes have been intro-  *Cswas released to the Earth’s biosphere
duced into the environment via various in the XX — XXI" centuries that resulted
routes for last several decades. Altogether,  to contamination of vast aress al over the
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world. About 90 % of radiocaesium was
originated from atmospheric nuclear test-
ing, approximately 4 % was released by
fuel reprocessing and nuclear fuel facilities
and roughly 6 % — by Chornobyl and
Fukusima accidents. Nowadays the *'Cs
absorption by plants and its accumulation,
therefore, represents the main source of
human exposure to this radionuclide. The
principa route of radiocaesium entry into
biological food chain in terrestrial ecosys-
tems is the soil-to-plant pathway. This ra
dionuclide is expected to remain in the
rooting zone of plants for decades and re-
spectively to be involved in biologica mi-
gration chains. However, the mechanisms
by which radiocaesium is taken up by
plant roots are not completely understood.
Analysis of recent studies and
publications. Recently the alternative
strategies, orientated towards the use of
plants and micro-organisms, separately
or in combination, have been proposed
for removing or immobilizing radiocae-
sium and othe radionuclides in the soil
[1,2]. Among these micro-organisms,
mycorrhizal fungi received a particular
attention. An estimated 90 % of terres-
trial plants exist in a symbiotic associa-
tion with soil fungi forming mycorrhizal
associations. Among them, the obligate
arbuscular mycorrhizal  (AM) fungal
symbionts are supposed to have a prin-
cipal role[3]. These fungi are important
participants in the Cs cycle in the upper
layers of soils. They have strong impact
on mobility of radiocaesium in the soil
and result to unavailability of this ra-
dionuclide to the other components in
ecosystems [4]. At the same time, it was
demonstrated [5] that AM fungi can
transform and immobilize radionuclides
and correspondingly limit their toxicity
and bioavailability to plants and spread-
ing into the soils. Accordingly, plants

growing in contaminated soil could ob-
tain benefit from their AM fungal sym-
biotic partners.

Neverthdess, the role of arbuscular
mycorrhizal fungi on the acquistion of
radiocaesum by plants remains poorly un-
derstood and controversa. The lack of
clear results on the capacity of AM fungi to
accumulate or trangport Cs could be princi-
paly atributed to different and inedequate
expeimenta sysems used in previous
studies. Furthermore, the various AM fungi
and plants studied could aso explain the
controversia conclusons obtained, since
AM fungi and plants have probably differ-
ent cgpecity to accumulate and transport
radiocaesum.

Objectives of research. The goals
of this work were to identify the capaci-
ty of AM fungi to take up and transfer
caesium isotopes to their hosts as well
as to estimate the influence of
arbuscular mycorrhiza on radiocaesium
uptake by plants and impact of
radiocaesium on development of AM
fungal symbioses.

The main material of the study.
Four plant species (Plantago lanceo-
lata, Medicago truncatula, Lolium per-
enne and Helianthus annuus) capable to
form efficient association with a broad
range of AM fungi were selected for our
study. The plants were cultivated in the
presence or absence of AM fungus
Glomus intraradices (strain BIO, ob-
tained from BIORIZE, Dijon, France).
The **Cs isotope (obtained from
“POLATOM” Radioisotope Centre,
Otwock-Swierk, Poland) in was added
to sterilized substrata in pots in form of
CsCl water solution. ***Cs activity con-
centration was adjusted to 100 000 Bq
per pot (77000 Bo-kg?). The plants
were grrown in transparent Sun bags
(Sigma™ Aldrich, Poznan, Poland) in a
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growth chamber at 20 °C, with a photo-
period of 12 h light and 12 h darkness,
at photosynthetic photon flux density 30
+ 6 pmol-(ssm?™ and harvested each
three months.

The activity concentration of
%Cs in roots and shoots of plants was
determined using a gamma-
spectrometer with semiconductor p-type
coaxial high purity HP-Ge detector with
a relative efficiency of 15 % and resolu-
tion of 2.5 keV at 1.33 MeV, shielded
by 10 cm of lead with inner lining with
2 mm Cd and 18 mm Cu.

For the estimation of mycorrhizal
colonization, the roots of plants were
carefully washed with tap water, sof-
tened in 10% potassium hydroxide for
24 hours, washed in water again, acidi-
fied in 5% lactic acid in water for 12 —
24 h and stained with 0.01% aniline
blue in lactic acid (to visualize AMF)
for 24 h at room temperature. The root
fragments were mounted and squashed
on the slide covered with lactoglicerole.
The parameters of AM colonization
were assessed according to the method
developed in [6] that assumes six levels
of mycorrhizal colonization (from 0 to
5). The relative mycorrhizal root length
(M%), intensity of colonization within
individual mycorrhizal roots (M%),
relative arbuscular richness (A%) and
arbuscule richness in root fragments
where the arbuscules were present (a%)
were evaluated using Nikon Eclipse 800
light  microscope equipped  with
Nomarski contrast and fluorescence.

The photosynthetic activity of plants
was evaluated using a Plant Efficiency
Analyzer fluorimeter (Hansatech In-
struments, UK) estimating Chlorophyll
a fluorescence transients of intact plant
leaves. The Chl a fluorescence transi-
ents (OJIP transients) were induced by a

red light pulse (peak at 650 nm) of 600
W-m? intensity provided by an array of
three light-emitting diodes. The tran-
sients were recorded for 1 s with 12 bit
resolution, starting 10 ps after the onset
of illumination. Each transient was ana-
lyzed according to the OJIP-test based
on the theory of energy fluxes in
biomembranes [7]. The selected original
data were processed by means of their
utilization for the calculation of bio-
physical parameters by the JIP-test
equation and the number of biophysical
parameters were calculated. Among
them, the most parameters are the per-
formance indexes Pl (evaluated on
the base of light absorption) and Pl
(total performance index). Pla,s and Pl,.
w1 comply all basic biophysical parame-
ters and represent the photosynthetic
system vitality.

Part 1. **Cs uptake
by plant species.

P. lanceolata inoculated with G. in-
traradices contained 66846 + 11029
Bq-kg™ of ***Cs in their shoots, that is
considerably lower in comparison with
the radionuclide activity concentration
in nonmycorrhizal plant shoots (87500
+ 12333 Bq-kg?). At the same time,
34Cs activity concentration in roots of
mycorrhizal and nonmycorrhizal P.
lanceolata wasn’t differed significantly,
although the slightly higher
radiocaesium concentration (18.1 + 9.9
%) was found in roots of
nonmycorrhizal plants (Fig. 1A). Due to
the higher biomass of mycorrhizal P.
lanceolata, the ***Cs activity in roots
and shoots of single mycorrhizal and
nonmycorrhizal plant (Bg-plant®, dry
weight) and correspondingly the total
radiocaesium activity in a single plant
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(i.e. shoots plus roots) weren’t differed
substantiaII}/ (p < 0.05). The root/shoot
ratios of **'Cs activity concentration in
P. lanceolata colonized with G.
intraradices were slightly (about 11 %)
higher as compared to those of
nonmycorrhizal ones. As it’s known [8],
the higher root/shoot ratios of caesium
content in plants indicates the reduced
root to shoot translocation of this ele-
ment, thus the tendency of the
mycorrhiza to reduce radionuclide
translocation from P. lanceolata roots
to shoots was revealed.

The colonization of M. truncatula with
G. intraradices also caused a significant
reduction of radiocaesium uptake in plant
shoots. Thus, ***Cs activity concentration
in aboveground part of mycorrhizal M.
truncatula was 86888 + 20022 Bg-kg™,
whereas shoots of nonmycorrhizal plants
contained 132100 + 15505 Bq-kg™ of this
radionuclide. At the same time, the
mycorrhiza resulted to considerable (18.8
+ 5.6 %) increase of radiocaesium activity
concentration in M. truncatula roots in
comparison with that in nonmycorrhizal
plants (see Fig. 2B). The distribution of
B4Cs activity between aboveground and
underground parts of mycorrhizal and
nonmycorrhizal M. truncatula was dif-
fered. Thus, the radionuclide activity con-
centration in roots of mycorrizal M.
truncatula was 45.5 + 14.7 % lower than
in their shoots. The opposite tendency was
observed in case of nonmycorrhizal plants,
where *'Cs activity concentration in
shoots was 24.2 + 8.9 % higher than in
roots (see Fig. 2B). No statistically signifi-
cant differences were found between dry
masses of mycorrhizal and
nonmycorrhizal plants, although both
roots and shoots of AM inoculated M.
truncatula grown on **Cs spiked substrata
had slightly higher weight (about 14 and

12 % correspondingly) as compared to
those of nonmycorrhizal plants. The colo-
nization of plants grown on radioactively
contaminated substrata also led to moder-
ate (about 10 %) increase of their shoot
length. The evaluated *Cs activity in
shoots of single mycorrhizal alfalfa was
93 * 0.6 Bg, whereas shoots of
nonmycorrhizal M. truncatula contained
significantly ~ higher ~ amount  of
radiocaesium (12.3 + 0.6 Bg). On the con-
trary, the radionuclide activity in roots of
mycorrhizal alfalfa was substantially high-
er (3.1 £ 0.1 Bq) as compared to that of
nonmycorrhizal plants (2.3 + 0.2 Bq).
Consequently, mycorrhizal M. truncatula
had significantly lower total activity of
radiocaesium (12.4 + 0.7 Bq) when com-
pared to that of nonmycorrhizal plants
(14.6 £ 0.8 Bq). The radionuclide translo-
cation from underground to aboveground
parts of plants was more intensive in case
of nonmycorrhizal alfalfa. Their root/shoot
ratio of **Cs activity concentration was
0.81 £ 0.28 being considerably lower in
comparison with that of mycorrhizal M.
truncatula (1.45 + 0.41).

The harvested plants of L. perenne
mycorrhizal with G. intraradices had
more than two fold lower **Cs activity
concentration both in their roots and
shoots as compared to those of
nonmycorrhizal plants. The ***Cs distri-
bution within L. perenne demonstrated
that the radionuclide activity concentra-
tion in aboveground parts of both
mycorrhizal and nonmycorrhizal
ryegrass was about three times lower
when compared to that of plant under-
ground parts (see Fig. 1C). Dry weights
of mycorrhizal and nonmycorrhizal L.
perenne and their shoot length weren’t
differed considerably, however the bi-
omass of plants colonized with G.
intraradices and grown on substrata
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spiked with ***Cs was slightly (less than
10 %) higher when compared to that of
nonmycorrhizal species. Hence, the
colonization with G. intraradices re-
sulted to considerable decrease of **Cs
activity (Bq per plant) in shoots (76.3 +
22.8 %) and roots (53.3 £ 15.8 %) of
single mycorrhizal ryegrass as com-
pared to that of nonmycorrhizal plants.

As opposed to plant species consid-
ered above, the colonization of H. an-
nuus with G. intraradices resulted to
significant increase of ***Cs uptake by
plants. Thus, the radiocaesium activity
concentrations both in underground and
aboveground parts of mycorrhizal sun-
flowers were nearly 10 fold greater
when  compared to those  of
nonmycorrhizal plants (see Fig. 1D). At
the same time, roots of both
mycorrhizal and nonmycorrhizal sun-
flowers had about 50 % higher ***Cs ac-
tivity concentrations when compared to
plant shoots.

The presence of **Cs didn’t have
appreciable impact on H. annuus
growth parameters, and the most dis-
tinct was the mycorrhiza influence.
Thus, the mycorrhizal H. annuus grown
on radioactive and clean substrata pro-
duced correspondingly 12 and 11 %
longer shoots as compared to those of
nonmycorrhizal plants. The shoots dry
weight of mycorrhizal H. annuus grown
both on radioactively contaminated and
non-polluted soil exceeded substantially
(about 70 and 80 % respectively) shoots
dry weight of nonmycorrhizal ones. The
degrees of '**Cs translocation from
roots to shoots of mycorrhizal and
nonmycorrhizal H. annuus weren’t dif-
fered considerably due to similar
root/shoot ratios of the radionuclide ac-
tivity concentration (1.54 * 0.10 and
1.47 £ 0.21 correspondingly).
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Fig. 1. ¥*“Cs activity concentration (Bg-kg™) in
roots and shoots of Plantago lanceolata (A),
Medicago truncatula (B), Lolium perenne (C)

and Helianthus annuus (D) mycorrhizal or not
with Glomus intraradices and grown on sub-
strata spiked with 3*Cs (77 000 Bg-kg'™®). The
results are presented as mean + standard de-
viation. The different letters above bars mean

statistically significant differences (p < 0.05).
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Part 2. Functioning of plant
photosynthetic apparatus.

The most of photosynthesis biophys-
ical parameters both in mycorrhizal and
nonmycorrhizal plants cultivated on
substrata with ***Cs weren’t varied con-
siderably as compared to those of con-
trol ones (Fig. 2A-2D). The exception
was observed only in case of M.
truncatula grown on radioactively con-
taminated substrata which had consid-
erably lower efficiency of trapped exci-
ton movement into electron transport
chain (yg, = ETo/TRg) and maximum
yield of electron transport (pg, =
ETo/ABS) when compared to those of
control plants from clean substrata. Al-
so, the total and absorption vitality in-
dexes (Plaps and Plioty) Of these alfalfas
were respectively 33.2 £ 12.9 and 42.0
+ 18.7 % lower than those of control
plants (Fig. 2B).

-Cs,-M
FwFo —=— +Cs, +M

-Cs,-M
FwFo —=— +Cs, +M

-Cs,-M
—— +Cs, +M

D TRo/RC

Fig. 2. Biophysical parameters of photosyn-
thesis of Plantago lanceolata (A), Medicago
truncatula (B), Lolium perenne (C) and Heli-
anthus annuus (D): nonmycorrhizal (control)
plants grown on clean soil (-Cs, -M) and
plants mycorrhizal with Glomus intraradices
and cultivated on substrata spiked with ***Cs
(+Cs, +M). Values on plots are presented in
relative units and normalised on those of the
control plants. * - means statistically signifi-
cant difference (p < 0.05).

The fungal colonization of plant
species grown on radioactive substrata
had positive impact on functioning of
H. annuus photosynthetic apparatus
(Fig. 2D). In this case, the AM inocula-
tion of plants cultivated on radioactive
soil improved y vitality indexes of sun-
flowers. Thus, Plys of mycorrhizal H.
annuus was correspondingly 41.4 +
11.3 and 36.3 + 12.5 % higher than
those of nonmycorrhizal plants grown
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on soil with ***Cs and control plants. In
turn, Pl of mycorrhizal sunflowers
exceeded considerably those of nonmy-
corrhizal plants cultivated on radioac-
tive substrata as well as control plants
(40.0 £ 9.7 and 44.8 £ 11.9 % respec-
tively, Fig. 2D).

Part 3. Arbuscular mycorrhizal
colonization of plants.

Both treated with radiocaesium and
control plant species were characterized
with high mycorrhizal frequency (F%)
that exceeded 90 %. The intraradical
structures of the AM fungus were mor-
phologically typical for Arum-type my-
corrhizae. The intraradical hyphea of G.
intraradices propagated between corti-
cal root cells at long distances and
formed lateral branches, which pene-
trated cells and produced arbuscules in-
side them (Fig. 3). The presence of nu-
merous intercellular vesicles was char-
acteristic for nearly 80 % of studied root
fragments. The spores of G. intraradi-
ces that have thicker walls in compari-
son with vesicles were found only in
several root fragments.

The most of AM colonization pa-
rameters of plants cultivated on sub-
strata spiked with **Cs and non-
polluted soil weren’t differed signifi-
cantly (Fig. 4A,C,D). Although, in case
of M. truncatula the presence of radio-
caesium resulted to considerable (about
30 %) decrease of mycorrhizal coloni-
zation intensity for all and individual
mycorrhizal plant roots (M,% and m,%
correspondingly) when compared to
those of control plants (Fig. 4B).

B

Fig. 3. Arbuscules and vesicles of Glomus
intraradices within roots of Plantago lanceo-
lata (A) and Medicago runcatula (B) culti-
vated on substrata treated with **Cs (77 000

Bqg-kg™).
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Fig. 4. Arbuscular mycorrhizal colonization
parameters of Plantago lanceolata (A), Medi-
cago runcatula (B), Lolium perenne (C) and
Helianthus annuus (D) inoculated with
Glomus intraradices: F% - frequency of my-
corrhiza; M% - mycorrhizal colonization in-
tensity for all roots; m% - mycorrhizal coloni-
zation intensity within individual mycorrhizal
roots; A% - arbuscular richness for all roots;
a% - arbuscular richness in root fragments
where the arbuscules were present, medians.
Plants were cultivated on clean substrata (-
Cs) and substrata spiked with ***Cs (+ Cs).
The different letters above bars mean statisti-
cally significant differences (p < 0.05).

The principal goals of the research
were to compare the possible influence
of mycorrhiza on various AM fungal
symbionts cultivated on the same sub-
strata under the impact of **Cs. Our re-
sults suggest that inoculation with AMF
changed substantially the uptake of
1¥4Cs by studied plant species and influ-

enced the translocation of caesium iso-
topes within the plants. The arbucular
mycorrhiza resulted to considerable de-
crease of **Cs activity concentration in
shoots of P. lanceolata, M. truncatula
and L. perenne when compared to
nonmycorrhizal ones. The most si%nifi-
cant (about threefold) reduction of **'Cs
activity concentration was found in
shoots of mycorrhizal L. perenne. This
result contradicts to the data obtained
by [9] who found that inoculation with
arbuscular mycorrhiza significantly en-
hanced uptake of **Cs by ryegrass.

The exception in our study was H.
annuus where the AM colonization led
to nearly tenfold increase of **Cs activ-
ity concentration both in plant roots and
shoots. The sunflower was previously
shown to be an effective
hyperaccumulator of *’Cs and *°Co
[10], although the ability of this plant to
form mycorrhiza has not been studied.
In our case H. annuus revealed its abil-
*Cs hyperaccumulation only in
the presence of the mycorrhiza. Also, H.
annuus was only plant species in our
experiment whose shoot biomass was
significantly affected by the impact of
AM fungus. Such contradictory findings
demonstrate that basic knowledge of Cs
potential uptake mechanisms are needed
to facilitate the design of countermeas-
ures to reduce or enhance the transfer of
radiocaesium into plants.

Conclusions. In summary, M. trun-
catula was suggested to be the most
sensitive plant species relative to the ra-
diocaesium impact. Due to considerable
reduction of caesium in their shoots this
plant species as well as P. lanceolata
and L. perenne couldn’t be applied in
phytoremediation, but they may be po-
tentially used in phytostabilization of
the radioactively polluted ecosystems.
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On the other hand, the use of H. an-
nuus with its Cs hyperaccumulation
properties conditioned by mycorrhiza
for the phytoremediation is also ques-
tionable. In our study, the evaluated to-
tal activity of ***Cs accumulated in bi-
omass of sunflowers grown in one pot
(two plants) during three months was
221 Bq. This is only 2.2 % from total
radiocaesium activity in the pot
(100 000 Bq). Extrapolating these data
for a longer term and assuming the plant
active growth period is about 6 months
per year, we can roughly estimate that
nearly two decades are needed to re-
move radiocaesium completely from the
soil. This assumption doesn’t take into
consideration the natural factors, such
as the radiocaesium migration, inhomo-
geneous distribution in soil and possible
leaching of the radionuclide below the
30 — 40 cm (i.e. outside of root zone) as
well as potential impact of another AM
fungi and various soil microorganisms
on the radionuclide uptake by plants.

The number of authors proposed us-
ing of AM fungi in phytoremediation
strategies for radiocaesium contami-
nated areas to enhance radionuclide re-
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TEXHOT'EHHI PUSHKH SABPYIHEHHS
JOBKIAASA ITIA YAC PEMOHTHHX POBIT
PE3EPBYAPIB I3 HA®TOITPOAYKTAMH
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HageneHo iHdopMartifo o0 MOIIICHHS CTaHy 3a0e3MeYeHHs eKOJIOrYHOT Oe3MeKH HaBKO-
J10 HeOe3rneuyHHX 00’ €KTIB 3 HASBHICTIO TEXHOJOTIYHHX IMPOLECIB, OB I3aHUX 3 €KCILIyaTyBaH-
HSIM Ta TIPOBEJICHHAM PEMOHTHMX poOiT pe3epByapiB i3 HAQTONMPOAYKTAMH HIIAXOM YIPABIIHHS
TEXHOTCHHUMH PH3MKAMH 3 ypaxyBaHHsM BIUIMBY YHHHUKIB Ha iX 3Ha4eHHs. Knouosi ciosa: Te-
XHOTCHHMII PH3HUK, 3a0py[IHEHHS JOBKULIL, pe3epByap 3 Ha(TONPOAYKTaMH, MPOOIT-QyHKIIs,
Ha(TO3ANUIIKN.

TexHoreHHble PUCKH 3arpsi3HEHUs] OKPY:Kalomlell cpeabl NPH NPOBEJEHNH PEMOHTHBIX
padot pesepByapoB ¢ Hedrenpogykramu. Jlunosoii B.A., Yasinckuii H.H. ITpusenena ungo-
pMarus 00 yJIydlIeHHH COCTOSHUS 00ECIIEUeH s KOJIOTHUECKON 6€30I1aCHOCTH BOKPYT OIACHBIX
00BEKTOB C HAIMYUEM TEXHOJIOTHYECKHX MPOLIECCOB, CBA3aHHBIX C AKCILTyaTallel 1 IPOBEIeHH-
€M PEMOHTHBIX paboT pe3epByapoB ¢ HEYTENPOLYKTaMH, IyTEM yHPABIEHHs TEXHOTEHHBIMU PH-
CKaMH C y4eTOM BIIMSHUS (DAKTOPOB Ha WX 3HaueHne. KirroueBble ClloBa: TEXHOTEHHBIH PHCK, 3a-
IPA3HEHHE OKPYIKAIOIIEil cpesibl, pe3epByap ¢ HeTenpogyKTamu, IpoouT-pyHKuus, HedhTeocTa-
TOK.

Man-caused environmental pollution during repair tanks with oil. Lipovoy V.O.,
Udyansky N.N. The data on the improvement of environmental safety around dangerous objects
to the presence of processes associated with the operation and maintenance work tanks with oil by
controlling technological risks, taking into account certain factors influence their value.
Keywords: technological hazards, pollution, oil reservoir, the probit function, the residue oil.

ABapiiiHi BUKMJM Ta BUTOKHU IIKiJ-
JMBUX PEYOBHH BHACIIIOK MPOBEICHHS
PErJIaMEHTHHX Ta PEMOHTHUX POOIT 3
OYHIIIECHHS BHYTPIIIHIX TEXHOJIOTIYHHX
TIOBEPXOHb pe3epByapiB 13 HadTompo-
JOYKTaMH MOXYTb IPH3BECTH IO JIOKA-
JBHOTO Ta KaTacTpo(igHOro pIiBHS 3a-

BIAHHS IIKOAY JOBKIJUTIO Ta KUTTEIis-
JIGHOCTI JIFO/IEH.

CraTHCTHKA CBiJUUTh, IO TOHAJ
20% ycix moxex Ha pe3epByapax 30e-
piraHHs HaQTONPOLYKTIB BiIOyBa€eThCS
yepe3 MOPYUICHHS BHUMOI TOXKEKHOT
Oe3nekyu TpH TMPOBEICHHI PEMOHTHHX
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