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Abstract. In the article a new approach to creation of an ecological standardization system is offered. Such system
does not coincide with the working hygienic standardization system. Basing on the radiation capacity model and theory
of ecosystems reliability a method of defining of critical biota condition on an example of a lake ecosystem is offered.
Through an estimation and control of a critical radiation dose on the given biota, through radiocapacity models the
levels of permissible radionuclides pollution of the ecosystem’s components are determined. The levels of permissible
radionuclides pollution are estimated as such, at which radiation dose on the critical biota of the lake may not exceed

the allowed limit — 4 Gy/year.
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1. Introduction

The problem of ecological standardization of
permissible waste and different radionuclides release
into any ecosystems is important, because there is a
current need to coordinate these processes not only
with hygienic standards which dominate in modern
ecology, but also with ecological standardization. The
actual paradigm of modern ecology concerning
absence of problems for the biota in case of observing
the norms for people is not always true, is not always
fulfilled, which is showed by modern researches and
estimations. First of all it is connected with the facts
that a man is able to avoid negative influence of
pollutants, but the biota usually cannot do this.

2. The analysis of publications

The actual ecological paradigm, when the safety of
ecosystems’ biota is defined by norms of people’s
ecosystem exploitation, doesn’t stand up to
criticism. That’s why the International Comission
on Radiological Protection in publication Ne80 set a
task to create a system of ecological
standardization, based on reaction of the biota on
particular radiation doses. [2, 4]. The variants are
being offered in this article, when the radiological
factor standardization on the biota is estimated in
terms of reaction of the critical (the most
radiosensitive) kinds of organisms. But it is to be
noted that the critical kind for one ecosystem may
not be critical for other types of ecosystems [2, 4].
Therefore it became necessary to develop other
approaches. The substantiation of this need follows
further in this article.

The objective of the work: to built the
approaches to principles of substantiation and
creation of ecological norms on permissible levels
of radiative effect on the ecosystems’ biota, which
differs from the current hygienic rating system. The
thing is that in the situations of hygienic standards
adherence the dose effects on the ecosystems’ biota
may be critical.

3. Results of the research

In the most radiological situations the biota in the
environment where it grows is exposed to external
(from the exposure sources outside the biota) and
internal irradiation (from incorporated in the tissues
radionuclides). In the irradiation biocenosis for the
experimental organisms the exposure sources may
become incorporated (accumulated) radionuclides,
contained in contiguous organisms. For certain
organs of plants and animals external are also those
sources, which are contained in other parts of this
plant or animal.

In case of biocenosis contamination by artificial
radionuclides initially the radioactive substances are
contained on the ground and water surface
contacting with plants or animals. Only after a
certain time period under influence of wind,
downfalls, biomass increase radionuclides are being
reallocated within the abiotic constituent of the
ecosystem and as result of migration processes or
anthropogenic measures shift into the depth of the
ground and body of water.

In case of radionuclide emissions in the
environment the need arises to define the boundary
values of radionuclides intake into the ecosystem,
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when they haven’t caused significant changes in the
ecosystem itself yet.
Natural measure for evaluating the maximum

Table 1. Scale of radiation doses
and zones in ecosystems

.. . . . Number
permissible radionuclides release into the ecosystem of dose Zone Exposure rate,
is radiation dose or the annual exposure rate. In the limit Gy/year
work of G.G. Polikarpov and V.G. Tsytsuginoy [2 . <0,001 —
a scale of radiation dt)r;es on ecosystenzls ingthe i"]oErrl ! Zone of radiation safety 0,005
of four dose limits was introduced (Table 1). ) Zone of physiological = 0.005 — 0.05
The Table shows that the actual dose limit for masking ' ’
radionuclides release and “storage” in ecosystems 3 Zone of ecological
and their components may be dose rate that does not masking:
exceed 0.44.0 Gy/year when visible ecological 3.1 terrestrials >0,05— 04
effects can be expected on the scale. According to the 3.2 hydrob¥onts and >0,05—4
.. terrestrials
estimations the background exposure rat'e of 0.%74.0 n Zone of visiblo
Gy/year corresponds to the concentration of Cs ecological effects:
about 200-1000 kBg/kg in the ecosystem or its 4.1 dramatic for terrestrials >04
components (terrestrial and aquatic plants) and about 4.2 dramatic for >4
200 kBg/kg for the ecosystem including terrestrials, hydrobionts and
which makes 600 kBg/kg in average. Calculations terrestrials
made on the basis of dose factors developed by 4.3 disastrous for animals > 100
B. Amiro, are presented in Table 2 [1]. and plants
Table 2. Dose factors for the biota ecosystems on some radionuclides
Radionuclide |[Internal irradiation, External irradiation
Gylyear/Bg/kg Water, Air, Ground, Vegetation,
Gy/year/Bqg/m’ Gylyear/Bq/m’ Gylyear/Bg/kg Gylyear/Bg/kg
B7Cs 4,110° 2,710 1,72 10° 4,02 10° 1,72 10°
°H 2,8810° 0 0 0 0
K 3,44 10° 1,76 107 1,4310° 2,64 10° 1,43 10°
p 3,5210° 1,57 107 1,4310° 2,36 10° 1,43 10°
“TAm 2,86 107 1,48 107" 7,73 107 222107 7,73 10°
Py 2,64 107 3,7210™" 235107 5,58 107 2,3510”
OSr 9,92 10" 3,07 10" 2,83 107 4,61 107 2,83 107
“’Rn 1,12 10" 8,91 107 610° 1,43 107 610°
"C 2,510 6,51 10" 6,01 107 9,77 107 6,01 107

The data in Table 2 allow us to calculate the
radiation doses of the wild biota in different types of
ecosystems.

Ecological standardization in the lake
ecosystem. The simulation results of permissible
releases in lake ecosystem [3]

According to the estimation of the maximum
permissible radionuclides *’Cs concentration in the
elements of the ecosystem the critical releases and
emissions into ecosystems can be estimated (we will
start with an example — the lake). Based on the model
of radiocapacity of the lake ecosystem [3] we showed
that for benthos of benthal deposits of a freshwater

basin maximum permissible radionuclides release into
the pond (Ny) shall not exceed the following value:

N, < LHS ,

kF

where L — calculated based on the dose limit of
4 Gy/year (limit) of *’Cs radionuclides concentra-
tion in aquatic biota (600 kBg/kg);

S — area of the basin;

H — the average depth of the basin;

k — coefficient of radionuclides accumulation
from water by benthal deposits;

F — radiocapacity factor of benthal deposits of
the basin.
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For the biota, living in the water column the
maximum permissible radionuclides release shall
not exceed (V,):

LHS
N, <—————,
K,(-F)
where K, — coefficient of *’Cs accumulation

in the system water — biota of the water column.

For a specific freshwater basin where S = 2 km”,
H=4m, K, = 1000 , F = 0,7 critical value of
radionuclides release according to the calculations
for this model is not more than: N, < 10 TBq into
water of the whole basin.

At the same time, a critical wvalue of
radionuclides release into the basin for its benthos is
estimated, the value N, <110 GBq.

This value is 90 times less than the permissible
97Cs release into the water of this lake, which is
estimated for the biota of the water column of the
basin.

Further, for clarity, we give a specific example
of appliance of such a model to the lake ecosystem.

Analysis and calculation of permissible
radionuclides releases into the lake.

Let’s assume that into the lake area of 1 km’
was dropped just 1 MBq of "*’Cs.

Let the depth be 5 m, the thickness of the layer
of activated sludge — 10 cm, the sludge
Accumulation Factor (AC ) — 200 and into account
we take options when AC of the biota, living in the
benthal deposits, ranges from 1 to 100000.

Let’s analyze what amount of radionuclides can
be released into the lake, so that the dose for the
benthic biota does not exceed the critical limit AC
of 4 Gy/year.

Using the above mentioned formula we will
calculate permissible *’Cs releases (Table 3).

The calculation was performed as follows.

Knowing the consistent pattern of radionuclides
redistribution through the components of the lake
ecosystem, you can define the radioactivity levels in
all components.

Then, using a Table of dose wvalues or
coefficients (Table 2), we can calculate the partial
doses on the biota from different components of the
lake ecosystem for different values of AC for the
benthos biota.

Summing up the dose of the relevant columns
of Table 3, we calculate the summary dose on the
benthos at the value of the initial radionuclides
release only 1 MBq " Cs.

Then we take, for example, the summary dose in
the last column, which is equal to 4,7 » 10” Gy/year
when the release is | MBq .

And if the permissible dose to the seabed biota,
as we have defined, should not exceed 4 Gy/year,
then dividing the value of 4 Gy/year by the
estimated value of 4,7 « 10~ Gy/year we become the
estimation of the quantity — Bq in permissible
release, which makes — 8,5 - 108 Bg/year or
0,023 Cu/year.

Thus, it should be noted that at very high values
of AC of the biota (100000 wunits) annual
permissible radionuclides release in the researched
lake can make a very small value, only
0,023 Cu/year on only 1km? area of the lake.

A similar calculation was made for another
biogenous radionuclide — *Sr.

It can be seen that, depending on the AC of the
biota permissible releases into this lake make for
7Cs from 0,023 to 2100 Cu per year, and for *°Sr
— from 0.1 to 7800 Cu per year, if releases take
place for only one year, as it was after the
Chernobyl disaster.

If it is a working nuclear power plant, it is clear
that the permissible releases per year will be
significantly less, so that they do not lead to
exceeding the dose limits.

That is, for real values of AC for the seabed
biota fairly strict limits on permissible levels of
releases into such lake ecosystem can be applied.

In most cases the levels of water pollution, for
which there are hygienic standards (2 Bq/L for
7Cs), will be estimated as significantly smaller
than the given hygienic standards.

Thus, the analysis shows that actually in this
case of the lake ecosystem the ecological norm can
be estimated as much tighter than the known
hygienic standard.

4. Conclusions

Generally in ecology and radioecology in
ecological standardization, environmental dominates
such paradigm. If for human it is comfortable to live
in the ecological situation, all the more nothing will
damage the biota.

The analysis, which we conducted shows that
this is not really so.

That is a safe situation for human can turn into
high doses for the biota due to redistribution of
radionuclides and high values of AC, which are
peculiar to biota.
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Table 3. Calculation of the dose on the components of the lake ecosystem and
the permissible annual '*’Cs release depending on the values of AC for the benthos biota
Doses from the components of the lake Ky of the biota of benthal deposits of the lake (benthos)
ecosystem, which effect the biota 1 10 100 1000 10000 | 100000
Water 5,4-9 5,4-9 5,4-9 5,4-9 5,4-9 5,49
Benthal deposits 3,2-8 3,2-8 3,2-8 3,2-8 3,2-8 3,2-8
Vegetative biomass of the lake 1,4-8 1,4-7 1,4-6 1,4-5 1,44 1,4-3
Internal dose 3,3-8 3,3-7 3,36 3,3-5 3,3-4 3,3-3
Summary dose on the biota 5,2-8 4,8-7 4,7-6 4,7-5 4,74 4,7-3
Permissible annual release into the lake:
570 77+13 Bq %;'“2 8.4+11Bq |8,5+10Bq |8,5+9 Bq %(5:8
2100 Cu 220 Cu 22 Cu 2,3 Cu 0,23 Cu 0,023 Cu
90
Sr 2,9+14 Bq 3’8B’:113 3,9+12Bq | 3,9+11 Bq 3’%’:110 3’339
7800 Cu 1020 Cu 105 Cu 10,5 Cu 1 Cu 0.1 Cu

That is, for the lake when hygienic standards for
drinking water can be easily fulfilled and the limits
on the dose for the biota of the lake can be
unachievable.It should be emphasized that the
excess of the dose limits on the biota of benthal
deposits can lead to death of a part of the biota, and
this in its turn will lead to acidification of the
aquatic medium (pH may drop to values 5-6) ,
which in its turn can cause desorption of
radionuclides, accumulated in the benthal deposits.

And it will mean a significant increase of water
pollution that will also obviously exceed hygienic
standards.

It is clear that the establishment of actually
working ecological standards for Ukraine and other
countries is a very complicated task.

The problem is that it is nearly impossible to
establish unified ecological standards for permissible
radionuclides releases in different ecosystems.

Each lake, generally any ecosystem will require
the development of a specific model and evaluation
of the current value of ecological standard.

But the problem remains, and it is necessary to
develop it [2].

These same problems arise for other types of
ecosystems as well.

References

[1] Amiro, B.D. Radiological Dose Conver-
sion Factors for Generic Non-human Biota. Used
for Screening Potential Ecological Impacts.
J. Environ. Radioactivity. 1992. Vol. 35. N 1.
P.37-51.

[2] Kutlakhmedov, JA.; Matveeva, LV
Rodyna, V.V. Reliability of ecological systems.
Theory, models and practical results. Palmarium
academic publishing. 2013. 317 p. (in Russian).

[3] Kutlakhmedov, Yu.A.;, Matveeva, LV.;
Salivon, A.G.; Rodyna, V.V. Theory of Reliability in
Radiation Ecology. Proceedings of International
Symposium on Stochastic Models in Reliability

Engineering, Life Science and Operations
Management. Israel. 2010. 275 p.
[4] Polikarpov, G.G.; Tsytsugina, V.G.

Hydrobionts in the zone of Kyshtym and Chernobyl
disasters influence. Tsytsugina Radiation biology
and radioecology. 1995. Vol. 35. N 4. P. 536-548.
(in Russian).

Received 30 March 2014.



74 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2014. N 1 (58): 70-74

L.B. MatBeeBa. 3acTtocyBanHsi MOARTi PagioeMHOCTI AJIs HOPMYBaHHSI pajianiiiHoro (akropa B o3epHiii

exocucremi

HarrionansHuii aBiartiiiHuit yHiBepeuteT, rnpoctl. Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03680

E-mail: IrinaV-18@yandex.ru
3anponoHOBAaHO HOBWH MiAXiZ A0 CTBOPEHHS CHCTEMH CKOJOTIMHOTO HOpMyBaHH:. [loka3aHo, IO Taka CHCTEMa HE
30Ira€ThCs 3 AIFOUOI0 CHCTEMOIO TITI€HIMHOTO HOPMYBaHHS. CHHpParodmuch HA MOJCHI pafiamiiiHOI €éMHOCTI i TEOpio
HAIHHOCTI €KOCHCTEM, 3alPONOHOBAHO METOJ YCTAHOBJICHHA KPUTHYHOTO CTaHY OIOTH HA MPHUKIAAL O3CPHOI
ekocucremMu. Uepes OIMIHKY i KOHTPOJIb KPHUTHYHOTO J030BOTO HABAHTAXKCHHSA HA OI0TY JOCHIIKYBAHOI CKOCHCTCMH,
Yyepe3 MOJEINI pafiOEMHOCTI BH3HAYUCHO PIBHI JOMYCTHMOTO 3a0pyIHCHHS PAJiOHYKIIZAMH KOMIIOHCHTIB €KOCHCTEMH.
PiBHI JOTyCTHMOTO PamiOHYKJILIHOTO 3a0pYJHEHHS OI[IHCHO SK TaKi, P SIKUX J030BE HABAHTAKCHHS HA KPUTHUHY
6i0Ty 03epa He TIOBMHHO IICPEBHUILY BATH IPAHHYHOIOIY CTHMY HOpMY — 4 I'p / pIK.
Kimo1ogi ciioBa: 103081 HABAaHTAXXCHHS HA 010TY; €KOJIOTIYHHH HOPMATHB; PaTi0€MHICTh EKOCHCTEM.

HN.B. Margeesa. Ilpumenenne Moaem pajloeMKOCTH Uil HOPMHPOBAHHUSI PAAUANMOHHOTO (axTopa B

03€pHOIT JKoCcHCTEME.

HarmoHanbpHBI aBUalMOHHBIN YHUBEpCHTET, ITpocll. KocmoHaBTa Komaposa, 1, Kues, Ykpanna, 03680

E-mail: IrinaV-18@yandex.ru
ITpeanoskeH HOBBIM MOAXOJ K CO3AAHHIO CHCTEMBI 3KOJIOTHYECKOTO HOPMHUPOBAHMA. I10Ka3aHO, YTO Takad CHCTEMA HE
COBIAJACT C ACHCTBYIOIIEH CHCTEMON TMTHEHHYCCKOTO HOPMHUPOBaHUA. ONMUPaich HA MOACTH PAAUALUOHHON EMKOCTH
W TCOPHIO HANC)KHOCTH 3KOCHCTEM, NMPEAJIOKEH METOJ YCTAHOBJICHHS KPHTHUECKOTO COCTOSHHSA OHOTHI HA HPUMEPE
03CPHOM SKOCHCTEMBI. Uepe3 ONCHKY W KOHTPOJb KPHUTHYCCKOH T030BOH HATPY3KH HA HCCICAYCMYHO OHOTY, Hepes
MOJEIH PATHOEMKOCTH ONPEACICHBI YPOBHH JOIYCTUMOTO 3arPA3HECHUA PATUOHY KIIHIAMH KOMIIOHECHTOB 3KOCHCTEMBIL
YPOBHH JOIMyCTHMOTO PAJAHOHYKIMAHOTO 3arpsA3HCHHA OLICHCHBI KAK TAKHE, NMPH KOTOPBIX J030Basd HATPY3KAa HA
KPHTHYCCKYIO OHOTY 03€pa HE TOIDKHA MPEBBIMIATH MPEACTIRHO JOIyCTUMY0 HOpMY — 4 I'p/roz.
KiroueBbie ¢10Ba: 1030BBIC HATPY3KH HA OHOTY; PATHOEMKOCTh YKOCHCTEM; IKOJIOTHUCCKUH HOPMATHB.
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