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BIOACCUMULATION OF TRITIUM IN NATURAL
AND TECHNOLOGICAL SYSTEMS

The distribution of tritium in the soil-vegetation complex was studied on a series of combined samples taken in the area
of the radioactive waste storage facility (RWSF). It is shown that bioaccumulation of tritium by vegetation is determined mainly by
the position of each specific object (testing point) in relation to the predominant direction of atmospheric transport of the nuclide. In locally
selected samples of herbaceous and arboreal vegetation, the content of the nuclide changes according with a high degree of correlation,
and its distribution in fractions of freely migrating (transpirational) tritiated water (TW) and in the form of organically bound tritium
(OBT) also changes according with a high degree of correlation. In the zones of intense and persistent atmospheric migration tritium
Sforms radiogeochemical anomalies in the soil and vegetation. Under the conditions of stationary atmospheric migration flows, pseudo-
equilibrium ratios of nuclide concentration in the components of the soil-vegetation system are established, while under the conditions
of the functioning of short-term soil flows, the concentration equilibrium of the nuclide in the components of the soil-vegetation system
is not observed. Higher concentrations of tritium are observed in more tightly bound forms in both soil and vegetation, which obviously
reflects a large dynamic dependence of the mobile form on weather and climate conditions. The ratios of activity concentration of tritium in
different forms of presence determined for different types of vegetation as concentration ratio (CR) indicate that tritium accumulates more
effectively in arboreal plants - bushes, trees than in herbaceous ones (grass), it is equal to 1.10 and 1.20, respectively. Freely migrating
(transpirational) tritiated water possibly due to greater mobility and greater dependence on changes in the activity concentration of tritium
in the atmospheric plume and moisture saturation of the air, has a lower activity concentration of tritium than the organically fixed form
(OBT), respectively 1.14 and 1.29, which does not have such temporal dependence. During the emission of tritium from RWSF there was
a significant accumulation of the heavy isotope of hydrogen in an organically bound form, that is more than half of the tritium absorbed by
vegetation is retained during the existence of organic matter and is temporally excluded from the biological cycle in the case of arboreal
vegetation. In conditions of the forest landscape of the sanitary protection zone (SPZ) of the RWSF; root absorption of tritium by grass from
the humus layer is from 20 to 31% of its total amount accumulated in the soil. The degree of absorption of tritium from the soil is almost
the same in herbaceous and arboreal vegetation. This indicates that during the long-term existence of the atmospheric-radio-geochemical
anomaly caused by the constant emission of tritium from the storage of RW in organic matter, an equilibrium balance of the content
of transpirational HTO and OBT has been formed. In turn, the establishment of such a balance in plant matter can be used as an indicator
of a prolonged regime of tritium emission from RWSF. Herbaceous and arboreal vegetation make it possible to determine the spatial
position of atmogeomigratory paths of tritium distribution. Plant indicators indirectly reflect the impact of this migration flow on the direct
absorption of tritium by organic matter from the air, or its absorption from the root layer of the soil, where the heavy isotope of hydrogen
enters with atmospheric precipitation.

Key words: tritium, isotopes, bioaccumulation, radioactive waste, tritiated water, fractionation.

Introduction. Existing environmental protection The ratio of tritium concentration between abiotic

technologies take into account the possibility of diluting
atmospheric emissions and liquid discharges to acceptable
levels of tritium concentration in the components of natural
and man-made biogeosystems. Numerous studies in
the zones of influence around nuclear facilities establish
the accumulation of tritium in biosystems and especially
in phytocenoses. Vegetation occupying large territories
and forming significant plant biomass is able to accumulate
a large amount of trititum with fixation in plant organic
matter. Thus, in aquatic plants near the areas of underground
nuclear weapons tests in the USA, a higher content of *H
was found in the total organic complex of these plants than
in ambient water [3].

and biotic components of the landscape is determined by
the mechanisms of hydrogen distribution between different
forms of presence in the biosphere. More than 90%
of hydrogen incorporated in living matter is assimilated
mainly by plants. Part of the tritium in vegetation in the form
of HTO forms free (transit or transpiration) water (TW),
and the other part is incorporated into biological structures
in the form of organically bound trittum (OBT). The transit
form of trittum accounts for approximately 80% of the raw
mass of the plants and, as a rule, after the level of feeding
activity, it approaches the external water that comes into
contact with the plants. The other 20% determine the OBT
or HT incorporated into biological structures. With chronic
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absorption of *H by vegetation, the specific activity of tritium
in the composition of free water and OBT increases over time
until reaching an equilibrium state in the biogeosystem [2].

The analysis of the results of monitoring observations
carried out within the limits of the radioactive waste storage
facility of the State Interregional Special Combine (SISC)
of the UkrSA "Radon" testified that the possible ways
of trititum migration from RWSF the convective-diffusion
exit of the gas-aerosol mixture through the overlap
of the storage facilities into the atmosphere and infiltration
through violation of the integrity of the walls and bottom
into the geological environment. As a result of the first
migration flow, an atmoradiogeochemical anomaly is
formed, which further spreads according to the regularities
of air transport. Its impact on the environment determines
the formation of radiobiogeochemical anomalies in
vegetation due to the direct absorption of radionuclide
by leaves and grass directly from the air, as well as
radiogeochemical anomalies in the humus part of the soil
due to rain leaching of tritium from the atmosphere.

21

The long-term existence of an atmogeochemical
migration flow determined the coordinated process
of trittum accumulation in grass (herbaceous vegetation)
and in the leaves of trees and shrubs (arboreal vegetation)
in transpirational water and organically bound form. As
a result, a biogeochemical anomaly of a heavy hydrogen
isotope was formed in herbaceous and arboreal vegetation
[1] within the limits of the RWSF industrial site and its
sanitary protection zone.

The purpose of the performed research was to
determine the effectiveness of trittum removal by
vegetation from circulation within the limits of the natural
and man-made system.

Materials and methods. To determine the effectiveness
of trittum removal by vegetation from circulation within
the natural and man-made system, the selection of paired
samples (Fig. 1) of grass (herbaceous) and leaves of trees
and bushes (arboreal) vegetation within the industrial site
(observation points 1 PA — 9 PA) and Kyiv SPZ RWSF
(observation points 1B — 27B). From the selected biomass

Table 1. Degree of absorption from the atmosphere and fixation of tritium by vegetation. Industrial site and SPZ KRWSF [1]
Taomauus 1. Ctynine nomMHaHHA 3 atMochepu Ta ¢ikcanii Tpurito pocnuaHicTIO. [IpomMmaiinanynk i C33 KII3PB [1]

. Activity concentration of tritium, Bq-m= Concentration ratio (CR)
obigi'l\l;gifm Grass Leaves Grass Leaves ™W OBT
T™W OBT ™™ OBT Kr? K Kr K
1 TTA 1250 1740 1040 3090 1,39 2,97 0,83 1,78
2TIA 1100 1250 1300 1490 1,14 1,15 1,18 1,19
3TIA 700 720 670 740 1,03 1,10 0,96 1,03
4TIA 270 330 600 650 1,22 1,08 2,22 1,97
5TIA 2150 2300 1940 2340 1,07 1,21 0,90 1,02
6 TTA 2010 2900 1800 3140 1,44 1,74 0,90 1,08
7TIA 1200 1100 910 980 0,92 1,08 0,76 0,89
8 TTIA 200 205 240 290 1,03 1,21 1,20 1,41
9 ITA 1300 1320 1150 1290 1,02 1,12 0,88 0,98
1b 65 52 73 68 0,80 0,93 1,12 1,31
5b 340 490 480 520 1,44 1,08 1,41 1,06
6b 1100 1240 970 1750 1,13 1,80 0,88 1,41
756 101 120 107 125 1,19 1,17 1,06 1,04
106 131 156 147 180,9 1,19 1,23 1,12 1,16
116 144 168 174 202 1,17 1,16 1,21 1,20
12b 119 161 93 107 1,35 1,15 0,78 0,66
136 64 68 99 92 1,06 0,93 1,54 1,35
I5b 77 72 64 75 0,94 1,17 0,83 1,04
21b 100 130
25b 45 52 50 64
276 40 44 45 58
Average 1,14 1,29 1,10 1,20
Cor.(fr) 0,98 0,89
Cor.(g/l) 0,98 0,95

Notes: 1) K " — Concentration ratio (CR), n = 3, 4, 5, 6; 2) Correlation coefficients calculated respectively for different moisture
fractions (Cor.(fi)) in each type of vegetation and (Cor.(g/l)) — between grass and tree leaves for each of the fractions.
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.z - wells

points of selection of conjugate samples of vegetation

- sampling points for measuring tritium
concentration in annual tree rings

C—_ - boundaries of the KRWSF industrial site

* 30K

Fig. 1. Location of vegetation sampling points. Kyiv’s RWSF
(KRWSF)

Puc. 1. Po3rauryBanss To40K BiiOOpy 1po0 poCIMHHOCTI.
KuiBcbkuii myHKT 30eperxenHs paxioakTuBHuX Binxozis (KIT3PB).

at temperatures up to 150°C and 240-650°C, fractions
of HTO corresponding to transpiration water (TW)
and organically bound form (OBT) were removed.

The selected samples after cleaning from organic
impurities (oxidation with an anhydrous oxidizer)
and distillation were mixed with a Hi Sife 3 Wallac
scintillator in a ratio of 8:12. The tritium content in
the emulsions prepared in this way was measured on a liquid
low-background scintillation a-f spectrometer Quantulus
1220 (LKW Wallac) according to the standard method.

Obtained results and their discussion

To assess the efficiency of tritium extraction by different
types of vegetation (herbaceous or arboreal) and the ratio
of the specific activity of tritium in all analyzed forms,
proportionality coefficients were calculated according to
the formulas:

K =A2 /A" (1)
Krt=A%/4" )
Krf=A,"/4,° 3)
Krf=A,"/4,° )

where: 4" specific activity of tritium in the Ist fraction
of grass, A — specific activity of tritium in the 2nd
fraction of grass, 4 'F — specific activity of tritium in
the 1st fraction of leaves, 4 °F — specific activity of tritium
in the 2nd fraction of leaves

The ratio of the content of tritium in different forms
of presence in vegetation and their indicator capabilities
are shown in Figures 2 and 3. The correlation coefficients
between the content of tritium in the forms of TW and OBT
for grass are equal to 0.98, and for leaves — 0.89 (Table 1).

The ratios of the specific activity of tritium in
different forms of presence determined for different
types of vegetation as proportionality coefficients
(Table 1) show that tritium is more efficiently
accumulated by perennial plants - bushes, trees
than by grass, respectively K r° = 1,10, Kr® = 1,20.
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Freely migrating water, possibly due to greater
mobility and greater dependence from changes in
the specific activity of tritium in the atmospheric
plume and moisture saturation of the air, has a lower
specific activity of tritium than organically fixed
(respectively, Kr*=1,14, K r*=1,29), which has no such
temporal dependence. The obtained calculated values
of the proportionality coefficients indicate that during
the emission of tritium from RW storage facilities, there
was a significant accumulation of the heavy isotope
of hydrogen in an organically bound form, that is, more
than half of the tritium absorbed by the vegetation is
retained during the existence of organic matter and is
excluded temporally from the biological cycle.
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10T 2T0T 31U 4101 SIUL 6IUT 7IUT 8IUT 9IUIL
Observation points

Fig. 2. Ratio of forms of tritium in vegetation. The zone of strict
regime of the KRWSF. The location of the monitoring points is
shown in Figure 1. Tvv, Tov — specific activity of tritium in the
TW and OBT of the grass; Lvv, Lov — specific activity of tritium
in TW and OBT in leaves

Puc. 2. CniBBigHoteHHs (OpM 3HaXOPKSHHS TPUTIIO B
pociHHOCTI. 30Ha cyBoporo pexumy [13PB Kuiscekoro [13PB.
Po3TarryBaHHs MyHKTIB CIIOCTEPE)KESHHSI HABEICHO HA PUCYHKY 1.
Tvv, Tov — nuTOMa aKTHBHICTh TPUTIIO y TpaHCHipawiiHiil Boxi
(TB) i opraniuno 38’s13aniii popmi (O3T) Tpaswy;

Lvv, Lov — nutoma aktusHicts Tputito y TB i O3T y muctsx
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Fig. 3. Ratio of forms of tritium in vegetation. Kyiv SPZ
KRWSF (for conventional designations, see Fig. 2)

Puc. 3. CuiBBigHomIeHHST POPM 3HAXOIIKEHHS TPHUTIIO

y pociunHOcTi. CaHiTapHo-3axucHa 30Ha (C33) KII3PB
(YMOBHI 1TO3HAYEHHSI AUB. PUC. 2)

Thus, herbaceous and arboreal vegetation allow us to
determine the spatial position of the atmogeomigratory
paths of tritium distribution. Plant indicators indirectly
reflect the effect of such migration flows on the direct
absorption of trittum by organic matter from the air, or its
absorption from the root layer of the soil, where the heavy
isotope of hydrogen enters with atmospheric precipitation.

In the conditions of the forest landscape of the SPZ
KRWSEF, root absorption of tritium by grass from the humus
layer is from 20 to 31% of its amount accumulated in
the soil (Tables 2, 3).
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Table 2. The degree of root absorption of tritium by herbaceous
vegetation from the soil

Taomuus 2. CTyniHb KOPEHEBOTO MOTTTMHAHHS TPHUTIIO
TpaB’SHOIO POCIUHHICTIO 3 IPYHTY

Activity concentration Concentration
Pit of tritium, Bq-m ratio (CR)
Soil Grass Grass/Soil
(layer 0-25 cm) (0-25 cm layer)
14 1300 358 0,28
15 917 241 0,26
17 1160 356 0,31
19 1286 311 0,24
Average 0,27

Tritium absorption is more effective from a deeper horizon,
where the absorbing part of the plant root system is more
developed. Thus, for the 5-25 cm horizon, the proportionality
coefficients for herbaceous and arboreal vegetation range from
0.35 to 0.49, i.e. from 35 to 49% of tritium that has entered
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the soil can be removed by vegetation. At the same time, from
40 to 49% of °H is fixed in the form of OBT (Table 3).

It should be noted that the degree of absorption
of tritium from the soil is almost the same in for herbaceous
and arboreal vegetation. This indicates that during the long-
term existence of the atmospheric-radio-geochemical
anomaly caused by the continuous emission tritium from
RAW storages has been accumulated in organic matter,
an equilibrium balance of the content of mobile HTO
and OBT has been formed. In turn, the establishment
of such a balance in plant matter can be used as an indicator
of a prolonged regime of tritium emission from RWSF.

Analytical data on the content of trittum in plants
make it possible to evaluate the biogeochemical
immobilization properties of the phytocenoses. Taking into
account the averaged data on the biological productivity
of grass and tree leaves, which correspond to the conditions
of the location of the SPZ KRWSEF, the specific reserves
of trittum absorbed by vegetation (Table 4) per unit area were
calculated. The calculation was made on the basis of data on

Table 3. The degree of root absorption of tritium by for herbaceous and arboreal vegetation from the soil. SPZ KRWSF
Ta6mauus 3. CTymiHb KOPSHEBOTO MOIIMHAHHS TPUTIIO OJJHOPIYHOO Ta OararopidHow pocimHHICTIO 3 IpyHTY. C33 KII3PB

Activity concentration of tritium, Bq-m= Concentration ratio (CR)
Interval, sm Soil Grass Leaves Grass/ Soil Leaves/ Soil
1 frac. ™W OBT TW OBT W OBT W OBT
Well 21
0-5 849 100 130 0,12 0,15
5-25 283 0,35 0,46
Well 25
0-5 230 45 52 50 64 0,20 0,23 0,22 0,28
5-25 130 0,35 0,40 0,38 0,49

Note: 1 fr. — pore water and surface adsorbed water (release temperature 16—-120°C).

Table 4. The stock of tritium absorbed by vegetation from a unit area of the earth's surface at the industrial site

and in the SPZ KRWSF

Tabauns 4. 3amac TPUTIIO MOMIHHYTHI POCIMHHICTIO 3 OANHUYHOI IO 3eMHOT MOBEPXHI Ha TPOMMaiTaHIUKY

ta B C33 KII3PB
Tritium stock, Bq-m2 Tritium stock, Bq-m2
Point observations ™ OBT Point observations ™ OBT
Grass Leaves | Grass | Leaves Grass | Leaves | Grass | Leaves

1 TTIA 152 201 211 598 1b 8 14 6 13
2 1A 134 252 152 288 5b 41 93 60 101

3 TUTIA 85 130 87 143 6b 134 188 151 339
4 T1A 33 116 40 126 7b 12 21 24
5T1A 261 375 279 453 10B 16 28 19 35
6 TTA 244 348 352 608 11B 17 34 20 39
7 TIA 146 176 134 190 12B 14 18 20 21
8 TIA 24 46 25 56 13Bb 8 19 8 18
9 TIA 158 223 160 250 14Bb 9 16

21/b-1 25 15b 9 12 9 15
25/b-1 6 12

27/b-12 5 11
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the analyzed weight of plant biomass, the volume of moisture
extract obtained from it, the specific activity of tritium in this
extract and the average annual productivity of plant biomass
per 1 m? of area according to the equation (5):

Z = AxV*B*P! (5)
where: Z — stock of trittum in biomass, Bq,
A — activity concentration of tritium, Bgxcm?.

V — volume of the obtained moisture extract, cm?
B — average annual productivity of plant biomass, gxm?,
P — weight of the analyzed sample, g.

Annual tree rings are an effective indicator
of the dynamics of tritium atmospheric migration flows.
Occupying a permanent location for a long time and having
a developed root system, trees retain this dynamic in
each site. In the studied perennial trees (lindens, o.p. 30k
and pines, o.p. 31k, Fig. 1.), the approximate age of which
is about 50 years, the well-developed crown probably

ensured a very intensive transpiration circulation
of moisture through the trunk and leaves.
Pumping significant volumes of soil moisture

through the xylem of the trunk leads to a constant supply
of HTO from the soil to the organic matter of the trees.
At the same time, as a result of the exchange reactions,
tritium is immobilized with the TW cells of the plant with
the formation of OBT and its accumulation in the wood
phytomass with the temporal exclusion of this radioisotop
from the migration cycle (Fig. 4).
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Fig. 4. Tritium deposition in annual tree rings. S1, S2 — TV and
OST in pine; Lpl, Lp2 — the same in linden. SPZ KRWSF. From
1984 to 1994 — the formation of the corresponding rings

Puc. 4. JlenonyBaHHS TPUTIIO B PIYHKUX KiIbIAX aepeB. S1, S2 —
TB 1 O3T B cocni; Lpl, Lp2 — te came B mumi. C33 KII3PB.
3 1984 mo 1994 pik — yTBOpeHHS BiAOBIIHUX KileIb

The water absorbed by the plant through the roots is
only partially used directly for the phytomass accumulation.
The rest of it (99-99.5%) is lost through transpiration,
which, by changing the osmotic pressure in the cells,
ensures the movement of water from the roots to the shoots.
Water absorbed by the roots from the soil with the help
of osmosis moves up in the xylem together with substances
dissolved in it. The movement of water from the roots to
the leaves is partially provided by the capillary effect, but
mainly occurs due to decrease of hydrostatic pressure in
the upper parts of the plant due to the diffusion of water
through the stomata of the leaves into the atmosphere.

Determination of the trittum content in annual tree
rings made it possible to establish the spatial distribution
of hydrogeochemical anomaly formation in the sediment
deposits of the aeration zone of the SPZ KRWSF
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and the dynamics of its development. Thus, the growth
of the tritium hydrogeofiltration flow in the near-surface
part of the layer of loess loams and sandy loams from
1987 to 1994, when the trunks were cut, is clearly
established.

The degree of absorption of trititum by plant biomass
depends on the intensity of its accumulation and is
an indicator of its biogeochemical barrier properties. This
parameter indirectly takes into account the interaction
of various factors, such as the concentration of tritium in
atmospheric precipitation and their amount, the degree
of accumulation of tritium on the surface of the soil and in its
root layer, etc. Given this property of vegetation, migration
flows of tritium in the surface air can be recorded using
biogeochemical testing. This method has been elaborated
in great detail in exploratory geochemistry [4]. With its
help, at potentially emergency facilities (such as nuclear
weapons testing at the early 1960s), the predominant
directions of atmospheric flows along which air migration
of trittum can be detected.

At facilities where the concentrated release of tritium
into the atmosphere is already taking place, the distribution
area of tritium-contaminated vegetation can be established
with a reflection on the biogeochemical map with
gradations of the nuclide content, and the most dangerous
direction of radiation contamination of the territory by air
transport can be found. According to the biogeochemical
mapping of the territory of the SPZ and taking into account
the data on the growth of plant biomass, an estimate can
be given of the share of tritium that is removed from
the hydrogen cycle, and thus its inclusion to the trophic
chains is prevented for a long time in the case of arboreal
vegetation.

Conclusions. Man-made tritium entering
the biosphere from the facilities of the nuclear fuel complex
and radioactive waste storage facilities is included in
the natural geochemical processes of dispersion in the air
and water environment and immobilization in organic
matter and the geological environment.

Bioaccumulation by plant biomass is an important
factor in tritium immobilization. During the emission
of trittum from the sources of its generation, from 18 to
50% of tritium absorbed by vegetation is retained during
the existence of organic matter and is temporally excluded
from the biological cycle in the case of arboreal vegetation.

Tritium that has reached the soil, that is, to the upper
layers of the lithosphere, is absorbed by vegetation due
to root nutrition. Herbaceous and arboreal vegetation
can remove up to 40-49% of tritium that has reached
the horizon of root nutrition.

Annual tree rings are an effective indicator
of the dynamics of trittum atmospheric migration
flows. Occupying a permanent location for a long
time and having a developed root system, trees record
the prolonged dynamics of migration flows of tritium
in this particular place. Pumping significant volumes
of soil moisture through the xylem of the trunk leads to
a constant supply of HTO from the soil to the organic
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matter of the trees. The immobilization of tritium from At sites where, as a result of the concentrated release

the mobile HTO by plant cells leads to its accumulation in  oftritituminto the atmosphere, an area of tritium-contaminated

the wood and the exclusion of this hydrogen isotope from  vegetation has already been formed, the display of nuclide

the biogeochemical cycle. content gradations on the biogeochemical map can allow to
Herbaceous and arboreal vegetation make it possible to  find the most dangerous direction of air spread of emergency

determine the spatial position of atmogeomigratory paths  radiation contamination of the adjacent territory.
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(MouKu ONpoOYBaAHHSL) W00 NEPEBANCHOSO HANPIMKY AMMOCHEPHOL0 NEPEHOCY HYKIIOA. Y cnoiyuenux no micyesi 0o6opy npooax 0OHONINMHb01 | 6a2amopiuHoi
POCIUHHOCIE 6MICM HYKIOA 3MIHIOEMbCS Y3200H4CEHO 3 BUCOKUM CIYNeHeM Kopelsayil, d 1020 po3nooin y (hparyisix 8itbHO Migpyiouoi 600U Ui OP2aHIYHO 36 SI3aHill
hopmi makodc IMIHIOEMBCSL Y32004CEHO 3 BUCOKUM CHIYNEHeM KOpelsiyil. Y 30Hax iHmeHCcUusHoi i cmiiikoi’ ammoeeomizpayii mpumiti (hopmye 6 IpyHmi i poCiuH-
HoCmi padioceoximiumi aHomanii. B ymoeax cmayioHapHux ammo2eomiepayiiiHux nOMoKie yCmaHo8Iolomscs NCe800PIBHOBANCHI CRIBBIOHOWEHHS KOHYeHmpayii
HYKAIOA 8 KOMNOHEHMAX IPYHMOB0-POCTUHHOT CUCTEM, d 8 YMOBAX (hYHKYIOHYBAHHS KOPOMKOYACHUX IPYHIMOSUX NOMOKI8 KOHYEHMPAayitiHoi pienosazu HyKioa
6 KOMIOHEHMAX 2PYHIMOBO-POCTUHHOL CUCIEMU He COCmepI2acmbCsl. Y OitbulL MIYHO 36 S3aHUX OpMAx i 8 IpYHMI, | 6 POCIUNHOCTI GIO3HAUAIONbCS OLTbU BUCOK
KOHYEeHmpayii mpumiro, wo, 04eUOHO, Bi000PANCAE BETUKY OUHAMIUHY 3ATLENHCHICIb PYXIUBOT hopMuU 810 NOCOOHO-KIIMAMU4HUX YM08. CRI6BIOHOWEHHS NUMOMOT
AKMUGHOCIIE MPUMIIO Y PI3HUX YOPMAX 3HAXOOXCEHHS, GUIHAYUEHT I PIZHUX MUNIE POCIUHHOCI SIK KOeiyieHmu nponopyiiinocmi, ceiouants npo me, wo Oitbul
ehekmuHo mpumiil HAKONUYYIONb 6A2AMOPIYHI POCIUHU — KVUji, Oepesa, HIde 0OHOPIuHI (mpasa), tioeo Kinbkicms cmanosums 1,10 i 1,20 6i0nosioHo. Binbro
Migpyroua (mpancnipayivina) mpumitiosarna éooa (HTO), modcnugo, Hacniook 6ineuioi ModinbHocmi i Oitbutol 3anexcHocmi 6io 3MiH NUMoMoi aKmueHocmi
MpUmito 8 ammocghepHomy wietighi i HaCUYeHOCMI 801020k NOBIMPSl, MAE MEHULY NUMOMY AKMUGHICHb MPUMIto, Hidc opeaniuHo ¢ikcosana gopma (O31), sio-
nosiono 1,14 i 1,29, sixa ne mae maxoi memnopanbHoi 3anexcrhocmi. 3a vac emicii mpumiro 3i cxosuy PAB 6i06ynocsa cymmese HakonudeHHs 8aicKozo i30mony
BOOHIO 8 OP2AHIYHO 36 SI3aHIU (hopmi, MOOMO OLIbULEe NOTOBUHU NOTUHYINO2O POCIUHHICHIIO MPUMIIO 3aMPUMYEMbCS HA 4AC ICHYBAHHS OP2AHIYHOT PeYOBUHU
i HAOIIHO BUKTIIOYAEMBCS 3 BION0IUHO20 Kpy2oobiay. B ymosax nicosoeo nanowaghmy canimapro-3axicnoi 3onu nynkmy 36epescenis PAB kopenese noznunanms
MPUMIo Mpasoro 3 2yMyco8aHo20 wapy cmarnosuns 6io 20 00 31 % 6io tioeo Kinbkocmi, Hakonuderii y pyHmi. Crmynine ROIUHAHHS MPUMIIo 3 IPYHMY MAtiice
He BIOpIZHAEMbCS 8 0OHOPIUHOL | 6azamopiunoi pocaunHocmi. Le ceiouume, wjo 3a 00620MpusaIULl Yac ICHYBAHHA aMMOpPadio2eoxiMiuHoi aHomanii, 06ymoeneHoi
nocmitiHoI0 emiciero mpumiro 3i cxosuiy PAB, 6 opeaniumiti pewosuri ymeopuecs pieHosasicHuil banarc emicmy mparcnipayivnoi HTO i O3T. 3i céoeo 60Ky, 6cma-
HOBIEHHS 8 POCTUHHIL PEYOBUHI MAKO20 OANAHCY MOJKCEe BUKOPUCIOBYBAMUCS SK THOUKAMOP NPOTIOH208AHO20 pexcumy emicii mpumiio 3i cxosuuy PAB. Oonopiuna
i 6azamopiuHa poCciuHHICMb OAIONb 3M02Y BUSHAUAMIU NPOCMOPOGE NONONCEHHS! AMMOLEOMIZPAYILIHUX ULTSIXI8 PO3NOBCI0Od e s mpumito. Pociunni iHOukamopu
0NOCePeOKoBaAHO BI00OPANCAIONTL BNIUE YbO2O MIZPDAYITHO20 NOMOKY HA NPAME NOIUHAHHS MPUMIIO OP2AHIYHOIO PEHOBUHOIO 3 NOBIMPS A0 HC BCMOKIMYBAHHL
11020 3 KOPEHEeB020 Wiapy TPYHNY, KVOUu 8ANCKULL I30MON 600HI0 HAOXOOUMb 3 AMMOCHEPHUMU ORAOAMU.

Kniouoei cnosa: mpumii, i3omonu, 6ioakymyiayis, padioakmueHi 6i0Xoo0u, mpumiiogana 6004, Gppakyionyeansi.
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