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Theory of Reliability in Radiation Ecology

Yuriy A. kutlakhmedm . Anastasisa G. Sali\ on', Svetlana A. Phelovslﬂa‘,
Victor V. Rody na Irina V. Matveeva® and Valentina P. Petrusenke

Y Institute of Cell Biology and Genetic Engineering, NAS,
Kiev, 03022 Ukraine, e-mail: emennm*m?dex meo
‘Facmﬁ of Erofoaxmf Safety, National Aviation University,
Kiev, (33126, biﬂ aine, e-mail: ecoetici@yandex.ru

P L - TAbstract’

- For twenty veazs after Chernobyl cata'snophe we have studied capability of plants cxf different kinds to
dore and retain the radionuclide tracer °Cs as the measure of stability and reliability of the ecosvsten
biota exposed to gamuma-radiation and chenucal pollutants. We introduced two parameters (o quannﬁ
the ecosystem reliability. First, radiocapacity 15 defined as the upper level of radionuclide
contarination. above which the ecosystem biota species begin to mamfest depression andior
suppression of growth. Then. factor of radiocapacity is defined as probability of the biota constituents
to reiain the radionuclide acer. The more is the factor of radiocapacity the higher is reliability of the
relevant biota components, With knowledge of the ecosystem structure and these parameters. it s
possible to estimate ability of ecosystems to provide the proper distribution and redistnbution of the

mining ones that are incapable to provide the proper pollutant nugration. exhibit low radiocapacity and.

predict the principal seats of locanon of pollutants in the specific ecosystems and estimate the
appropriate dose loads and risks. |

~

Kev words: reliability. ecosystems, radiation ecology. radiocapacity. [37Cs-tracer, geo-information
technologies S -7 ,

1. Tracer “Ce as the factor of radmcapacm' of biota and the parameter af !‘elidblllt\" of
the ecosystems bmta e A
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Owing to the Chemobyl reactor accident in 1986, radionuclide ¥'Cs. as the tracer, was "generously”
strewn over the world. As a consequence. we can use this case to ehucidate the laws of redistribution
of the tracer over ecosystems of different types. Any sharp changes i the content of the tracer i the
ecosystem biota can serve as indicators of the collisions, the biota mwust have endured. In essence. the
tracer performs the function of “ecological thermomnieter " that monitors the condition and reliability
of the biota. For example, m the case of lake ecosystems, any decrease in aqueous pH results in the
desorbtion of radionuclides from the ground adjowrnments into water along with the reduction of
~raciocapacity of the ground biota and the relevant growth of amount of the tracer in the water. As a
result, it brings about the additional dose loads to the biota water and people who use the lake water
for drink and mrgation (Korogodin 1960, Kutlakhmedov ete. 2003). e

In our experunents with the culture of water plants we have shown that the d\mmms of the factor
of radiocapacity of the ecosystem biota. under the mfluence of ganuna- -irradiation and the salts of
heavy metal {(cadmiuvm), is e:,:aenmliv in line with the dyvnames of the biological parameter, 1.e. — the
growth rate. This support our assertion that behaviour of the ’Cs, as the analogue of mineral feed
elentent K (potasstuun), displays the extent of the biota well-bemng. It can be concluded that the more

is the ability to accumulate and keep the tracer, the more comfortable is the state of the ecosystems

biota and, thus. the higher 1s its reliability L}&mlaldnnedm 2006).

racer. In particular, we showed that ecosystems of the serious type of organization. like slope and =

thus, low reliability. Using this approach along with the data of geoinformational analysis. we can
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b, sduited limits of dose loads have been determined in (Polikarpov 1995). The typical results of
g sudies are displayed in Table 1.

¢

Table 1. The dose conunitnient scale for some ecosystems

ZONE ABSORBED DOSE
1 RATE (Gy y)
Zone of radiation well-bemng < (.001-0.005

Zone of physiological masking

(G.005 - 0.05

Zone of ecological masking:

for tetrestrial animals

0.05-04

for hvdrobionts and temvestrial land 0.05-4
plants
Zone of evident ecological changes:
Dramatic; |
for terrestrial animals i 0.4
for hvdrobionts and terrestrial o4
plants | .
Catastrophic: ammals and plants »>> 100

To assess the biota dose loads. we apply the dose coefficients from the model of Anuro
(Amiro 1992). thar makes it possible to calculate doses for every components of the ecosystem (Table

).

Assessment of the biota dose loads on biota at accumulation of the fracer in ecosvstems of

Table 2. Mean values of the dose coefficients induced by some kinds of radionuclides.

For example, from the data of Table 2 one can see that the dangerous limit, i.e. — 4 Gy/year, is
achieved at 600 kBq of "*'Ce per kg of biomass. Moreover, it was shown that the reliability decreases
linearly from 1 to O for the dose range up to 4 Gy. Furthermore, we assessed the radiocapacity of the
biotic components of the ecosystem in case when the biota reliability 15 close to 0 (= 600 kBq'kg).
Thus. the parameter of radiocapacity can serve the measure of the ecosystems biota reliability.

1
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Radionuchdes External irradiation

[nternal irradiation 7o G0 Tair Gyiy [Soil  Gy/[Vegetation

JG}-'.--")-’em:f‘qu’kg vear /Bg/my’ Bq..fmf Hy-:ear /BgGy/vear ‘Bg'kg
' o ke

137Cs  H.1E-6 2.7E-9 [,70E-6 .02E-6 |1.72 E6

H 2 88 E-8 [0 [0 0

K 344FE-6 [1.76E-9 [1.43E-6 [.64E-6 [1.43E-6

3.52F-6[1.37 E-9 [143E-6 [236E-6 [143E-6

- Am D S6E-5|L48E-10 [7.73E-8 [222E-7 [7.73E-8 4

Py D64 E-53.72E-12 R.3SE-9 [S38E-9 P35E-9

St P92 E-7TI3.07E-10 P8&3E-7 H61E-7 P.83E-7

~“Ra ILI2E-4 891 E-9 [ E-6 143E-5 |6 E-6

e 25E-7 [6.51E-12 [6.01E-9 [9.77E-9 |6.01 E-9
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¥ The block dnmnm on Figure 1 demonstrates the example of the slope eLObeTEIB LGI{}SISYH]Q
_‘Lu nme chambeis (Petﬂmenko Kutlakhmedov, 2006). -
Farest 1 ._'.
Meadow 3 .
¥ Terrace 4 . Men g
“loodands 5
—\\ .
- T Waler 6 :
f . F/ /'\ \\\ .
e ™~
i Bots 7 Botlom sedimahts
Figure 1. The block-schemne of typical slope 9—‘.hambex emsystem T |
The mathematical model developed il our previous papers aliowed to get rhe gml}hs of o A
dxmxmcs of redistribution of the tracer n this slope ecosystem (Figure ") Lo - S j
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Figure 2. Dynamics of the conten? of the tracer 1n differenr chambers of the ecosystems (m - _‘
percem'\ge from the matial amount, t - years)., _ S g R




the top site (forest) with 1admnuc11de s

It was recognized that, even for low

evel of contamination byl0 Cikm~ B0 Cikm” [100 Ci/km”
he radionuclide |
1 Forest 0.93 .67 10.34
2 Border of forest 1 1 1
3. Meadow(6%%) 0.99 k.99 |0,99
4 Agricultural terrace (1.4%) 0.99 0,99 |0\99-
< Flood-lands of lake (0.82%) 1 (0,99 !0.99
6.Biota of bottom sedients 0.95 .75 fo.s
(1,16%)
General reliability of 0.87 0.49 {0.165
eCOsystem

decrease of the ecosystems reliability,

3. Application of GIS-technology to anahsis of radiocapacity of real hndsmpe'

ecosystems

The results of the analysts show that the rate of movement of radionuclides within the landscape is
maily defined by the extent of steepness of the slope (Py). the type of cover of the slope (P>). the type
of dismeniberment of the landscape (P3) and the rates of vertical (P4) and horizontal (P5) migration of
the rachonuiclide. The analvtical procedure i1s based on the rank analysis of probabilities of the impacts
of these paraineters of the landscape on the radionuchde redhstibution. Each of these parameters has
been estimated to range from 0 to 1. To a good approximation, the landscape parameters are .
considered to be mdependent from each other and the general assessment of the probability of the
radionuclide migration among the elements of the landscape is obtained as the curtailed probability by
the formula P = P1 x P2 x P3x P4 x P5. With the analytical GIS and the radiocapacity models. it has -~
been possible to estimate and predict the dyvnamnies of redistribution of pollurants w 1t11111 rhe real

landlscapes, like polvgon “LESNIKI” near Kiev (Kmia&izmedav 2006 ).
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The obtained data make it possible to assess the doze loads in the different biota components
Fii e slope ecosystem depending on the total amount of the tracer (*Cs) in the ecosystem and to
F e the refiability of the biota. In the calculations. the consecutive model have been used

F Penusenko. Kutlakhmedev, 2006}. The results ave presented in Table 3.

Talﬂe% The assessment of reliability of the typical slope ecosystem for different levels of pollution oi

values of the stock (10 Cidaw), reliability of the
ecosystetnn 1s essentially reduced. For high values of the radionuchde thCl\.‘:» the:e is the drastic
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