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Evolution of the approach to assessing ionizing radiation effects on living organisms is briefly discussed
in this paper. Using the example of Black Sea hydrobionts, possibility of applying the G. G. Polikarpov
conceptual radiochemoecological model of chronic action zonality of ionizing irradiation dose rates
in nature to assess ecological exposure of technogenic radioisotopes ionizing radiation on aquatic biota
was shown. In applied hydrobiology, this model can serve as the basis for a complex approach in assess-
ing aquatic biota ecological state and its prediction for a wide range of 23*24Pu activity concentration
in seawater. The necessity of combined use of biogeochemical and equidosimetric indicators of ra-
dionuclide behavior in a water area is emphasized. In particular, for predictive dosimetric assessments,
it is important to take into account quantitative characteristics of accumulative ability of Black Sea
hydrobionts and a type of radioelement biogeochemical behavior, reflecting peculiarities of plutonium
biogeochemical migration in a marine ecosystem.

Keywords: assessment of aquatic biota ecological state, Black Sea, biogeochemical migration, redistri-
bution of %*%2*°Py radioisotopes, dose commitments, hydrobionts, G. G. Polikarpov conceptual model

Applied hydrobiology is designed to study consequences of water bodies pollution by technogenic
substances and processes of water quality formation as a result of the influence of ecosystem abiogenic
and biogenic components on redistribution of technogenic substances in water bodies, as well as to offer
scientifically based criteria and approaches for assessing hydrobionts ecological state. This is necessary
for rational use and management of aquatic ecosystems while maintaining environmentally acceptable
water quality, as well as for development of scientific basis for rationing supply of technogenic substances
to water bodies and their separate water areas.

These questions are especially relevant for the Black Sea as an inland sea, anthropogenic impact
on which is great, in particular in coastal areas. The area of the Black Sea drainage basin is more
than 2.3 million km? and both biogenic and toxic substances come from it, including plutonium
technogenic radioactive isotopes [13 ; 43 ; 44]. The main sources of 239.240py in the Black Sea include
global radioactive fallout and emissions after the Chernobyl Nuclear Power Plant (hereinafter NPP)
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disaster [13 ; 23 ; 44]. As a result of the functioning of nuclear facilities, as well as after accidents,
high activity concentration levels of anthropogenic radioisotopes have already been formed in some
marine areas (the Irish Sea and some Arctic seas) and in freshwater bodies in various regions, including
Eurasia territory (in the Southern Ural and Siberia, in 30-km zone around the Chernobyl NPP,
etc.) [3;8 ;13 ;24 ;25]. In the Black Sea, plutonium activity concentration levels are quite low, but
widespread use of these isotopes in nuclear technologies increases possibility of further radioactive
contamination of marine areas with Pu.

This makes it necessary and urgent to develop approaches for assessing biota ecological state in wa-
ter bodies and separate water areas, based on established patterns of plutonium behavior in aquatic
ecosystems. Such studies are particularly relevant in the post-Chernobyl period, since technogenic ra-
dioisotopes, coming to the Black Sea in low concentrations not causing negative changes in its ecosys-
tems, can be measured using physical methods of research and serve as radioactive tracers of natu-
ral processes [13]. This is a unique opportunity for studying processes and their quantitative charac-
teristics in natural conditions (without violating ecosystems integrity) including migration and redis-
tribution of technogenic radioisotopes in natural Black Sea ecosystems. Long 23*?*°Pu half-life pe-
riods give reason to consider plutonium radioactive radiation a component of chronic anthropogenic
factor, which is being formed in the present period because of technogenic human activity. The re-
sults obtained will allow not only assessing current environmental conditions of water areas and conse-
quences of chronic exposure, but also predicting their possible change in case of an extreme increase
in 23%240Py activity concentration levels in aquatic environment because of accidents or other unplanned
or planned events.

The aim of our work is to consider briefly the evolution of views on the assessment of ionizing
radiation effect on hydrobionts and to evaluate radiation exposure levels from technogenic alpha-emitting
plutonium radioisotopes based on the use of the G. G. Polikarpov conceptual model of chronic action
zonality of ionizing radiation dose rates in nature (hereinafter the G. G. Polikarpov conceptual model)
as a part of a complex approach in assessing aquatic biota ecological state in a wide range of 23%24°Pu
levels in seawater in relation to long-lived plutonium radioisotopes.

The effect of radioactive substances on living organisms is primarily due to ionizing radiation (here-
inafter IR) emitted by a radioactive substance, namely quantity and quality of energy transferred to a liv-
ing object from IR. Therefore, we dwell briefly on the evolution of representations in equidosimetry
for the aim of assessing IR effect on living organisms.

Understanding of dosimetric criteria for assessing IR environmental effect on biota underwent
a number of changes after the entry of technogenic radionuclides into the environment in the mid-
dle of the XX century. Initially, development of equidosimetry for biota was based on devel-
opments in radiation hygiene: human radiation protection. In radiobiology, the question on equi-
dosimetry was relevant from the very beginning of studying IR effect on a living organism.
This is due to the fact that ionizing radiations, having one common property (to ionize a sub-
stance), can be of different types: electromagnetic radiation, charged particles of different masses,
neutral particles, etc. With the same amount of energy transferred per unit mass of living sub-
stances (absorbed dose, D, Gy = J-kg™! [10]), they cause damaging effects of different levels in liv-
ing organisms. Therefore, to assess the effect of different IR types on human body, a concept
of an equivalent dose (H) was introduced in radiation hygiene, in which IR quality was taken into
account through a radiation weighting factor (Wg) [10] (i. e. its relative biological effectiveness
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when exposed to a living organism). The radiation dose commitment to body, depending on IR type,
is estimated as the equivalent dose (H = Wy x D, Sv) or the equivalent dose rate (HR, Sv-day™
or Sv-year 1) [10].

How was IR influence on biota assessed initially? In 1977, the International Commission on Ra-
diological Protection (hereinafter ICRP) adopted a concept focusing on human protection. It stated
as follows: if a human is properly protected, then, most likely, other living beings would be sufficiently
protected [35]. Meanwhile, radiobiological research practice did not confirm this point of view. Often
there were situations of complete people absence in a polluted environment, in which radiosensitive
representatives of non-human biota could experience damaging and harmful radiation effects. This de-
pends on intensity of organism interaction with the environment (for example, hydrobionts with aquatic
environment) and on a number of other factors and conditions. Unlike biota, people can actively protect
themselves from IR effect using various means and methods. These include the simplest but effective
means: wearing overalls, respiratory and eye protection, vehicles use, radioprotectors taking, regulation
of the time spent in radioactive pollution zone, etc. As a result, dose formation is not the same for peo-
ple and biota. In many cases, biota representatives receive higher IR doses, while people receive lower
and not dangerous IR doses. After all, only people are able to regulate and to actively reduce absorbed
doses by special countermeasures (prevention and treatment, acceleration of radionuclides elimination
from the organism, consumption of imported food and water, use of special technologies, etc.). Thus,
in the same conditions, biota is exposed to a more intense impact than humans. According to a general-
ization of research results in the accident zone in the Southern Ural in 1957 [1], local people received
doses 10-100 times less than wild vertebrates and higher plants. In the zone near the Chernobyl NPP,
this difference was 30—120 times [15].

While working at the International Marine Radioactivity Laboratory of the International Atomic En-
ergy Agency (hereinafter IAEA) in Monaco (1975-1979), G. G. Polikarpov actively studied the problem
of assessing ecological IR effect on hydrobionts. In 1977, in Italy, at the XX congress devoted to radia-
tion protection, he made a report, in which he first set out his conceptual model of the chronic zonality
of IR dose rates effects on hydrobionts based on a synthesis of the results of his research and world
literature on chronic irradiation effect on biota [39]. Noting the complexity of a unified assessment
of IR effects on aquatic biota, due to different types of radiation, different radiosensitivity of species,
ontogenetic stages of the same organism, different body tissues, and other features of radiation exposure
to biota [33], G. G. Polikarpov proposed to divide the entire range of dose rates into separate zones:
according to the effects (exposure level) they cause in living organisms [39] (Table 1). In this edition
of the model, dose rate scale is presented in rad-year™!.

Five zones with the lower boundary of the last one (Zone of Obvious Impact) of about 400 rad-year™!
(4 Gy-year ') were identified (Table 1). Attention was focused on little knowledge and a need for a broader
study of hydrobionts radiosensitivity to protect them adequately from IR effect.

Since the 1990s, idea of environmental criteria being necessary for sufficient biota protection
has been gaining the status of the official one. In 1991, ICRP concept was supplemented by an assertion
that under conditions where humans are adequately protected, certain species may be exposed to detri-
mental radiation effects [36]. In accordance with IAEA and ICRP recommendations [32 ; 34 ; 49],
the safe dose rate limit of 0.01 mGy-day! (4 Gy-year' rounded up to whole units) has been
adopted for hydrobionts. Its exceeeding leads to negative consequences for biota populations. Ra-
dioecologists started applying the concept of equivalent dose and dose rate to biota using Gy or Sv
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as units [11 ; 13 ; 28 ; 45]. It is significant that radiological conditions of water environment
of the water body, forming a dose rate of 0.00001 Sv-year™' for people drinking this water, cre-
ate a dose rate of 0.03 Gy-year ! in seals in the same water body [6]. In this case, the dose rate
for seals is 3000 times higher than for humans. When assessing dose rate from *C being character-
ized by concentration factor 50,000 for freshwater fish [48], the dose rate of the internal irradiation
of seals due to fish feeding can be estimated at 7.5 Gy-year™!. Dose rates being even an order of mag-
nitude lower than this (tenths of Gy~year’1) cannot be considered safe for mammals [6]. The data ob-
tained shows that when each human in a certain area receives permissible IR dose rates from drinking
water, radiosensitive aquatic biota in the water body at the same time is not protected and receives
unsafe IR dose rates.

Table 1. Zones of biological effect of ionizing radiation chronic irradiation in the first edition
of the G. G. Polikarpov conceptual model according to [39]

Zone name Doze rate (rad-year‘l) -
Zone number
(biological exposure level) upper zone boundary

I Uncertainty 4x1073

11 Radiation Well-being 4x107!
I Physiological Masking 5x%10°
1Y Ecological Masking 4x10?

\" Obvious Impact 4x10°

Thus, the studies led to a transition from the anthropocentric approach to biota radiation protec-
tion (there, human protection was put at the forefront as a priority task in nature conservation, con-
sidering man the most radiosensitive species and the most vulnerable one) to an ecocentric approach.
It is based on an eco-ethical worldview and on results of environmental research. This approach encour-
ages each person and the whole society to realize that human as a biological species was born and de-
velops as a part of an integral ecosystem (from local ecosystem to biosphere as a global one) and that
his future depends entirely on ecosystem health and safety [13 ; 37]. Therefore, the focus is on pro-
tection and preservation of the ecosystem: all species of living organisms. Human, being a rational
species, is responsible for preserving life on the planet, ensuring safe development, and biodiversity
conservation in aquatic and terrestrial ecosystems [1 ;2 ; 13 ; 34 ; 37]. It is also important that humans
are not considered the most radiosensitive and most vulnerable species; scientific data on the radiosen-
sitivity of all species and characteristics of dose formation in relation to non-human biota are taken
into account [1 ; 13 ; 16 ; 20 ; 41 ; 42 ; 49 ; etc.]. The eco-ethical approach echoes the biosphere
one, in which biota and humans are considered biosphere elements. To preserve it, a unified assessment
system is needed to ensure safety of humans and aquatic ecosystem inhabitants [7]. ICRP recommenda-
tions of 2007 not only contain proposals on protection of human beings, but also consider “approaches
designed to create principles for proving adequate environmental protection” [14]. Section 8 on envi-
ronmental protection states as follows: “A more understandable, scientifically grounded unified concept
is needed to assess relationships between exposure and dose, dose and effect, and the consequences
of such effects on non-human biota”. An extensive research is needed “to provide pragmatic guidance
in this sphere” [14].

Mopckoii buosnorrueckuii xypHain Marine Biological Journal 2020 vol. 5 no. 3



Application of the G. G. Polikarpov conceptual model of chronic action zonality... 89

To assess IR radiation hazard for biota, being based on the ecocentric approach, equidosimetric
concepts, and generalization of long-term radiobiological and radioecological studies, G. G. Polikar-
pov developed the previously proposed model [11 ; 14 ; 41 ; 42] and formulated a conceptual model
of zonality of chronic IR dose rates in nature: at all living organization levels from a cell to biological
communities and biosphere as a whole (Fig. 1) [11 ; 13]. This model served as a basis for equidosi-
metric analysis of biota ecological state in relation to 2*2*°Pu in a complex approach of hydrobionts
ecological state assessment [19 ; 20], where the equivalent dose rate (Gy-year™') is used as the value
of dose commitment [11 ; 13]. The use of equivalent dose rate is important in assessing IR environmen-
tal effect levels from those radiation types for which Wy > 1. For alpha-particles emitted by 23*2*0Pu,
Wy = 20 in radiation hygiene [10]. In our work, we used Wy = 20 for hydrobionts, since in the mod-
ern period there is no other valid accepted unified Wy value for alpha-radiation in respect to biota,
although different relative biological effectiveness for different IR types was observed in animals. In ad-
dition, most of data for establishing W in human radiation protection have been obtained in animal
studies [33]. In a review on this subject [31], researchers did not come to a final informed decision,
although they recommended using an average value Wy = 5 for biota populations and indicated that
ranges of Wy changes were 1-10 and 1-20 for deterministic and stochastic effects in biota, respec-
tively. In the studies used in the analysis, Wy value varied in a wider range: 37-150 in publications
of 1966—-1995 and 1-50 in works of 1991-2003 [31]. The absence of accepted reasonable Wy value
in relation to biota is also mentioned in ICRP publication No. 108, dedicated to environment pro-
tection from IR [33]. ICRP publications No. 103 and 108 [14 ; 33] indicate that in this situation,
for biota, in relation to alpha-radiation, Wy = 20 is used, the same as in human radiation protec-
tion. Meanwhile, equivalent doses for biota are expressed in Gy (units of absorbed dose) and equiv-
alent dose rate: in Gy-day™! or Gy-year™!, respectively [14 ; 33]. In this work, the equivalent dose
rate for non-human biota was obtained by multiplying the dose absorbed by Wy = 20 and presented
in Gy-year™.

In the modern period, various approaches to environmental standardization and assessment of biota
ecological state in aquatic and terrestrial ecosystems are being developed. Plenty of research and gen-
eralization methods are used. Bioindication and biotesting, as well as mathematical modeling are ap-
plied; processes of migration and accumulation of anthropogenic substances are studied; effects on or-
ganisms at different biota organization levels (from genetic to biocenotic one) are investigated. An in-
tegral part is the development of approaches for assessing radiation dose commitments to biota
and the equidosimetry use [3 ;7 ;9 ; 26 ; 27 ; 31 ; 42 ; etc.]. The ecosystem approach in as-
sessing IR effect on biota is becoming increasingly important internationally [13 ; 29 ; 30 ; 33 ;
38 ; 40 ; 41]. The concept of using both reference biota representatives and a range of accepted
reference (control) dose rates is being developed: the range of derived consideration reference lev-
els (DCRL) in relation to representatives of different taxonomic groups of aquatic and terrestrial
biota [33]. In this case, DCRL is considered Radioactive Dosage Zone, within which stochastic ef-
fects are likely to occur and which separates Background Dose Rate Ranges Zone and Deterministic
Effects Zone. According to data available at the time of the problem analysis (2008), for 12 selected
reference representatives of animals and plants, DCRL Zone, according to preliminary estimates, was
0.1-100 mGy-day™! [33]. Therefore, the equivalent dose rate equal to 10 mGy-day™' (4 mGy-year™),
accepted by G. G. Polikarpov as the lower boundary of Damage to Ecosystems Zone (in accordance
with previously formulated proposals of international organizations [32 ; 34 ; 49]), is still relevant,
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Fig. 1. Correspondence of ionizing radiation dose rate ranges and biological effect levels under chronic
irradiation in the G. G. Polikapov conceptual model with examples of the state of existing contaminated
aquatic biotopes, depending on dose rate level [11 ; 13]

and further research is required to clarify and revise it [33]. This was pointed out by G. G. Polikar-
pov paying attention to early stages of hydrobionts development, which are often more radiosensitive
than adult ones [13].

As a rule, when considering the ecosystem approach, biota radiation protection focuses on the as-
pects of dose assessment and their effects. On the other hand, attention is paid to taking into account
the diversity of structure and functions of ecosystems, their locations, and choice of reference ani-
mals and plants; this is undoubtedly necessary and important and is a very difficult task [12 ; 14 ;
29 ;30 ;33 ; 34 ; 38 ; 40 ; 49]. At the same time, attention is not focused on a role of ecosys-
tem biogeochemical processes and a biogeochemical type of radioisotope behavior in the ecosys-
tem determining the main ways of radioisotope redistribution in a water body. Meanwhile, these
are very significant components participating in formation of radiation dose commitments to biota
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in aquatic ecosystems [4 ; 9 ; 13 ; 16 ; 17 ; 21 ; 22 ; 24 ; 46]. One of the objectives of our
work is to draw attention to consideration of migration aspect in assessing ecosystem ecological state
in relation to IR effect, which source is anthropogenic radioisotopes entering the ecosystem. Signif-
icant results were achieved in this sphere, and a complex approach has been proposed by us to as-
sess ecological status of marine areas in relation to long-lived radionuclides using the example
of ****Pu [19 ; 20].

The complex approach is based on the premise as follows: different living organisms may expe-
rience different dose commitments being in the same aquatic environment, as it is seen from the ex-
amples above. Therefore, the complex approach combines assessment of state of aquatic environ-
ment and representatives of different groups of hydrobionts by mutual addition of biogeochemi-
cal [5 ;16 ;17 ; 18 ; 19 ; 20 ; 21 ; 46] and equidosimetric [13 ; 15 ; 19 ; 20 ; 40 ; 41] as-
pects of radioisotope presence in an aquatic ecosystem (Fig. 2). The biogeochemical approach im-
plies taking into account real quantitative indicators of influence of characteristics and functioning
processes of the ecosystem itself, its components, and physical and chemical features of the pol-
lutant on its redistribution in the water body and, therefore, on the formation of its concentration
in water.

Complex approach to assessing the environmental state of water areas
with respect to radioisotopes
Assessment of aquatic Assessment of aquatic
environment state biota state
Biogeochemical criteria of water areas Equidosimetric criteria
state assessment of biota state assessment
Levels of activity Radioactive Levels Assessment of
concentration of isotope of doze the ecological
radioisotopes in water, | redistribution commitments action level of
biota, sediments fluxes to hydrobionts IR * to biota

Fig. 2. Flowchart of the complex approach to assessing ecological state of water areas (IR* is ionizing
radiation)

The main biogeochemical indicators are radioisotope activity concentration in water and a ratio
of its input and removal fluxes. This ratio forms radioisotope activity concentration in water, and it
should not exceed the permissible radioisotope activity concentration in water and biota (Fig. 3). There-
fore, in order to assess biota ecological state in a water body, it is necessary to know permissible activity
concentration (Cpemissivles S€€ Fig. 3) in water, the exceeding of which leads to negative consequences
for hydrobionts populations, and to choose a method for determining the level of IR ecological influence
from this radioisotopes level in water on biota of a water body. These questions can be solved by combin-
ing biogeochemical and equidosimetric aspects of radioisotopes presence in a marine ecosystem within
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the framework of a complex approach to assess hydrobionts ecological state, which is closely re-
lated to migration processes and includes an assessment of the influence of different concentrations
of technogenic substances on aquatic ecosystems biota.

3) F1>F2:

31) CWO< th< Cpermissible

2) F1 = F2: Cw,= Cw, :> 3:2) CWo < CWe> Coermissie . .
where C_. ssibe — PErmissible activity concentration of

239+4240py in water, the excess of which causes some

ecological negative changes of biota

1) F1 < F2: Cw, > Cw,

3) F1 > F2: Cw,< Cw,

Fig. 3. Flowchart of formation of 23% 40Py activity concentration levels in water at different ratios of F1
and F2;
F1 is radioisotope input flux;

F2 is radioisotope removal flux from water environment (Bq-m~2-year™! or Bq-m~2-day™!);
Cw is radioisotope activity concentration in water at the initial moment of time (background),

Cw, — at time t (Bq-m™>)

Determination of biogeochemical indicators is based on the study of migration aspect of pluto-
nium radioecology in the Black Sea: behavior of radioisotopes in a natural ecosystem. It includes
identification of a type of biogeochemical behavior of the radionuclide, determination of its levels
in ecosystem components, assessment of radioisotopes input and removal fluxes from aquatic environ-
ment, and identification of leading mechanisms of these processes [19 ; 20 ; 21]. As a result of long-
term observations in the Black Sea in the post-Chernobyl period, quantitative characteristics of plu-
tonium radioisotopes redistribution in water areas were determined [13 ; 16 ; 17 ; 18 ; 46 ; 47],
which made it possible to establish the pedotropic type of plutonium behavior in the Black Sea.
On the basis of these data, it was determined that plutonium sedimentation flux with suspended mat-
ter into bottom sediments serves as the main removal flux from a water column [5 ; 16 ; 19 ; 47].
The concentration factors (Cr) of 2**24°Pu by biota representatives of different taxonomic groups
of hydrobionts were also determined, being necessary for calculating dose rates of chronic internal
IR irradiation of biota from 23*240Pu [13 ; 15 ; 17 ; 46]. C; values, along with radioisotope activ-
ity concentration level in aquatic environment, type of radionuclide biogeochemical behavior in a wa-
ter body, and IR quality, play an important role in formation of dose rate level of chronic exposure
in hydrobionts [17 ; 18 ; 19].

As an equidosimetric criterion for assessing IR influence on Black Sea biota, IR equivalent dose rate
was used, with subsequent determination of its ecological exposure level through comparative equidosi-
metric analysis of data on dose rates using the G. G. Polikarpov conceptual model [13 ;40 ;41]. A com-
parative analysis of the ecological state in Black Sea areas and in stagnant water bodies of the 30-km
zone of the Chernobyl NPP in relation to radioisotopes after the Chernobyl NPP accident in terms of ra-
diation exposure levels to biota is presented in Fig. 4. At current 2*****Pu activity concentration levels
in components of Black Sea ecosystems, the dose rates, formed from their IR, do not affect negatively
Black Sea biota. According to the zonality of ionizing radiations effect, the levels of their environmen-
tal action do not exceed the influence being characteristic of the Radiation Well-being Zone. IR dose
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commitments from 23%240Py for molluscs and from a sum of 2>****Pu, 137Cs, and *°Sr for different
groups of hydrobionts in the 30-km zone of the Chernobyl NPP exceeded background exposure
levels. According to the G. G. Polikarpov conceptual model, these levels belong to the Physiologi-
cal Masking Zone and the Ecological Masking Zone, and reach the lower boundary of the Damage
to Ecosystems Zone.

The Black Sea Standing ponds in the 30-km zone of the ChNPP
239+240p,
Phytoplankton Hydrobionts
Zooplankton the sum of radionuclides
Macroalgae Mollusks
Crustaceans 239+240py
Mollusks
water plants
Fish 239+240p
2
—_ O
: . S & . 2
Uncertainty Radlatlpn & To Ecologlcal o é,
Zone Well-being S .8 Masking g 8
Zone 2 = Zone s 2
= 8 A 32
= 3
M
| I TTTI [ T TTTI | | IIII| | IIIIIII| I T Illll T IIII| | IIlIIlIl I TTTTH
107 10°¢ 10° 10* 10°? 10? 10! 1 10
Dose rate (Gy/y)

Fig. 4. Assessment of biological effect levels of ionizing radiation of plutonium radioisotopes, as well
as of a sum of the main man-made dose-forming radionuclides (strontium, cesium, and plutonium)
in the post-Chernobyl period

Calculation of dose commitments for Black Sea hydrobionts in a wide range of possible levels
of 239:240py activity concentration in water was performed according to known approaches [13 ; 15 ; 28],
taking into account Wy, = 20 for 23%240Py alpha-particles. The results of equivalent dose rate calculation
are presented in Table 2. They reflect a relationship between the activity concentration of 23%2*°Pu in wa-
ter and the dose rate, and, therefore, the level of IR biological exposure to representatives of different
groups of hydrobionts.

These data also illustrate relationship between biogeochemical and equidosimetric indicators for as-
sessing aquatic environment and hydrobionts state. As it is evident from Table 2, at the same aquatic
environment state with respect to 23%24°Pu levels, the level of these radioisotopes IR effect to different
groups of hydrobionts is different, which is largely determined by accumulation capacity of hydrobionts
in relation to plutonium. There is no doubt, that ontogenetic and radiobiological states of organisms
can modify the lower boundary of the Damage to Ecosystems Zone; it will be refined as knowledge
in this sphere accumulates.
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Table 2. Dose commitments (HR is equivalent dose rate) at different levels of 23*2*OPu activity con-

centration in seawater (Cy, Pu) and concentration factor in regard to 2**?*°Pu (C; Pu); 4 Gy-year™!
(IAEA and ICRP recommended dose rate limit, exceeding of which leads to negative changes in biota
populations) is the boundary of Ecological Masking Zone and Damage to Ecosystems Zone (underlined
in the Table) [32 ; 34 ;42 ; 49]

Groups HR in hydrobionts at different Cy, and C; 23*+?4Pu, Gr-year™!
Cw Pu, Bq-kg™!
of hydrobionts | W PR 0.000001 | 0.08 0.8 8 16 80
f u
Phytoplankton 1-10° 1-.1074 4-10° 4.10! 4.10% 8-107 16-10°
Macroalgae 5.10% 1.10° | 4.107! 4.10° 4.10! 8-10! 16-10?
Zooplankton 1-10° 11076 4.1072 4.107! 4-10° 8-10° 16-10!
Molluscs 5.107 51077 2:1072 2.107! 2:.10° 4-10° 8-10!
Fish 1-10? 31078 1-1073 1-1072 1-107! 2:107! 4-10°

Summarizing the researches made, we have drawn up (Fig. 5) a general scheme of a complex ap-
proach to assessing water areas ecological state in relation to IR from long-lived radioisotopes [18 ; 19].
This approach takes into account specific biogeochemical characteristics of the ecosystem under study.
First of all, these are biogeochemical sedimentation fluxes, accumulation capacity of ecosystem com-
ponents, and hydrological regime of a water area. The features of the pollutant studied (type of ra-
dionuclide biogeochemical behavior and its physical-chemical and radiological characteristics) also play
an important role. Taking these indicators into account makes it possible to more accurately assess
self-purification capacity of photic layer surface waters (precisely in this particular ecosystem with
respect to the pollutant under consideration). Applying the complex approach allows performing ex-
press assessments of current or expected level of pollutant environmental influence, as well as cal-
culating fluxes of radioisotopes, at which they are formed, and time to reach control concentrations.
Within the framework of the complex approach, it is recommended to use for the regulation a flux
of radionuclides into the water area, avoiding contamination critical levels and preventing negative
effect on biota.

It is also important, in our opinion, that the scheme-algorithm proposed focuses monitoring
or expert studies not only on contamination levels in aquatic ecosystem components, but also
on identifying basic patterns of radionuclide behavior in it. Of key importance are determi-
nation of a type of radionuclide biogeochemical behavior and studying of quantitative charac-
teristics of biogeochemical processes in an ecosystem using radionuclides not only as a sub-
ject, but also as a method of research, i. e. as radioactive tracers. Such a scheme-algorithm
can help in making decisions on the implementation of countermeasures necessary for the water
area under study in case of radiation accidents and incidents and in predicting changes in biota
ecological state.

Thus, based on the results of the study of leading processes determining redistribution of techno-
genic 23%240Py radioisotopes in the Black Sea, as well as taking into account their quantitative charac-
teristics, identified main biogeochemical features of »****Pu behavior in the sea, levels of hydrobionts
accumulation capacity, and received dose commitments to hydrobionts, applicability of the G. G. Po-
likarpov conceptual model was shown as the final link of a scheme-algorithm of current and pre-
dicted estimates of biota ecological state in relation to long-lived radionuclides for a wide range
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Fig. 5. Scheme for assessing biota ecological state (levels of expected ecological effect) in Black Sea
water areas according to biogeochemical and equidosimetric criteria for a wide range of 23*240Pu activity
concentration in water;

F1 — 239240Py input flux;
F2 — 239:240py removal flux;
Cy — 23*240Pu activity concentration in water;
Cw, — background level of Cyy in water;

C

permissible —

in hydrobionts populations

239.240py activity concentration level in water, exceeding of which causes negative changes

of 2*20py activity concentration in seawater. Attention was focused on the importance of taking

into account biogeochemical indicators for predictive dosimetric assessments, in particular C¢, quan-

titatively characterizing accumulation capacity of Black Sea hydrobionts and type of radioisotopes
biogeochemical behavior in a water area, as well as reflecting features of plutonium biogeochemical

migration of it.

This work was carried out within the framework of IBSS government research assignments “Molismolog-
ical and biogeochemical fundamentals of marine ecosystems homeostasis” (No. AAAA-A18-118020890090-2)

and “Superposition of physical, chemical, and biological processes in the formation of marine environment quality

and hydrobionts functional state in the Sea of Azov — Black Sea basin” (No. AAAA-A18-118020790154-2).
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IPUMEHEHHME KOHIEIITYAJIbHOM MO/JIEJI 30HAJIbHOCTH
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B pabote kpaTko paccMOTpeHa SBOJIOIMS MOAX0/1a K OLIEHKE BO3JICUCTBY S HOHU3UPYIOIIEH paaualu
Ha )KMBbIE OpraHu3Mbl. Ha mprMepe 4epHOMOPCKHX THAPOOMOHTOB MOKa3aHa BO3MOKHOCTb PUMEHE-
HUSI KOHLIETITYaJIbHOW PaIMOXEeMOKOJIIOTUUECKOH MOJEI 30HATLHOCTH JeHCTBHS X POHUYECKOTO 00-
JIy9eHHs MOHM3MpYIoImuX m3nydennil B mpupoge . I'. [TonvkapnoBa 1y1st OIEHKH YPOBHSI 9KOJIOTHYe-
CKOTO BO3JIEVICTBUSI MOHU3UPYIOIIETO M3TyYeHNs OT TEXHOTEHHBIX PaAMOU30TOIIOB Ha BOJHYIO OUOTY.
STa MOIeTb MOKET CIIyKUTh B TPUKJIATHON THAPOOUOTIOrUN OCHOBOW KOMILIEKCHOTO TIO/IX0/IA B OIeH-
K€ 9KOJIOTHYECKOTO COCTOSTHHSI BOJHOW OMOTHI U €T0 ITPOTHO3a /IS IMUPOKOTo AUara30Ha KOHIIEHTpa-
uuii aktueHOCTH 23%-240Pu B Mopckoii Boae. TTomuépkuBaeTcss HeOOXOAUMOCTh COBMECTHOTO IPUMEHE-
HUs1 OUOTEOXUMUYECKOTO U 9KBUA03UMETPUUYECKOTO MOKa3aTelieil MOBeIeHUsI PaJJiOM30TOIOB B BOJIO-
€me. B yacTtHOCTH, /7151 MPOTHO3HBIX JO3UMETPUUECKUX OLEHOK BaXXHO YUHTHIBATh KOJMUYECTBEHHBIE
XapaKTePUCTUKU KOHLICHTPUPYIOIIEH CIIOCOOHOCTH YePHOMOPCKUX THMAPOOMOHTOB U TUIT OUOTEOXH-
MHUYECKOTO MOBE/ICHUsI PAJMO3JIEMEHTa, OTPaXKAIoye OCOOEHHOCTH OHOTEOXMMUYECKOH MUTPAIIUN
IUTyTOHUSI B MOPCKOM 9KOCUCTEME.

KaroueBble cjioBa: OLICHKA SKOJOTMUYECKOTO COCTOSTHUSI BOAHOM OUOTHI, YEpHOE MOpe, OMOreoXuMu-

Yeckas MUTpaLMs, epepacipeeieHue paauon3otonos 2>2240Pu, 1030Bble Harpy3KkH, THAPOOUOHTSI,
KoHLUenTyanbHas mogess I. T'. [losmkapnosa

¥
Marepuassl cTaThbi ObUTH TpeJcTaBieHsl Ha YTeHusx namstu akagemuka I'. I'. TlonukaproBa «Paguoskonorusi: ycrexu 1 nepcreKTHBbD
(Cesacromnonb, UnBIOM, 2019 r.).
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