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Atmospheric release of radionuclides after the Chernobyl

and Fukushima accidents (IAEA, 2005; IAEA, 2015), PBg
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Dominating exposure pathways after the accidents
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Surface contamination with °’Cs in Europe after the Chernobyl
nuclear accident (De Cort et al., 1998)
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Surface contamination with *”Cs in Japan after the
Fukushima Daiichi accident (IAEA, 2015)
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Release patterns (IAEA, 2005; 2015)
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Significance of forest for the public

v’ Forests are extensive natural resources which provide economic,
nutritional, recreational and social benefits to people.

v’ In many areas contaminated after the radiation accidents forests
and forest products are an important source of internal and
external exposure of the population.

v’ There are «critical groupss of the population with high exposure
levels, mainly, due to consumption of forest products or special
behaviour in the forest.

(LY IAEA
)



Significance of forest for the public

v’ Forests areas are used in three main ways which determine the
major routes by which people may be exposed to radiation:

v'as a source of industrial products, e.g. timber and associated
products;

v'as a source of natural produce, e.g. firewood, mushrooms and
berries;

v’ for recreational use, e.g. walking and campiny.
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Significance of forest for the public (Fesenko et al., 2000)

In the long term after the Chernobyl accidents, the importance

of forests in dose forming has increased: the contribution of
mushrooms and berries to the internal doses of the population,
relative to the doses from agricultural products, varied from 10—
15% 1n 1987 to 40—45% 1n 1996.

In 1987-1996, the eftective half-life of »°”Cs in major agricultural
products was 1.4-5.6 years. The efl ective half-lives for °’Cs in
mushrooms and berries are much longer, i.e. 20 and 10 years,
respectively.
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Basic definitions used for assessment of radionuclides in the
forest

o Tag- the aggregated transfer factor ; Tug is the mass activity density
(Bg kg i ina s&oeczﬁed object per unit area activity density, Aa (Bqm %) in
the soil. m’ kg

o Fo - the concentration ratio Fo i s, the ratio of the activity concentmtzon of
radionuclide in the plant (Bg kg dm) to that in the soil (Bg kg dm),
dimensionless

o The biological half-life T'1p, is a measure of the rate at which
radionuclides are excreted from an organism. The time required for a
twofold decrease of the radionuclide activity concentration in a given
organ (or tissues) because of action of all possible factors, excepting
radioactive decay

o The ecological half-life, T 12, - the time required for a twofold decrease of

the radionuclide activity concentration in a given an integral parameter
that lumps all processes (except radioactive decay) which cause a reduction of
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Key elements in the assessment of the contaminated forest

* Environmental monitoring
* Exposure pathways analysis

* Assessment of the factors governing behaviour of
radionuclides

* Assessment of the preferences given by the population to
different remedial options

* Simulation of the application of different remedial options

(LY IAEA
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Example of the area where the forest was affected by the Chernobyl
accident: Novozybkov areas of the Bryansk region, Russia

* Location: 180 km northeast of the Chernobyl NPP.
* Contamination of the forest soils: in a range from 150 to 2500 kBgq m.

* Total population: about 60000 persons living in 111 settlements.

The data obtained for the study area were merged within zones with
different levels of contamination and, consequently, with different
demands in remediation:

* above 1480 kBg m - zone A,
* between 555 and 1480 kBg m - zone B and

* between 185 and 555 kBg m - zone C.
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Variation with time of average effective doses to the
population of the study area (Fesenko, et al, 2000)

-Zone A (model reconstruction and prediction)
-Zone B (model reconstruction and prediction)
-Zone A (model reconstruction and prediction)
-Zone A (Data of dose catalogues )

- -Zone B ({Data of dose catalogues )

-Zone C (Data of dose catalogues )
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Time dependent activity concentrations of >’ Cs in mushrooms and
berries (average measured values and results of calculations)
(FesenRo et al., 2000)
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12000

Berries
AN -Zone C
A A -Zone C
— TT A -Zone C
AA —— - PL before 2002 (1480 Bg/kg)
4; 7777777 -PL after 2002 (1480 Bq/kg)
A
_‘ A A
VA
4000 l A T
A IA: !
=
0 — —————
| ! | | | | |
1990 1996 2000 2006 2010 2016 2020
Years



Enoironmental pathways and processes
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Contributions of different pathways to the total exposures of
population in the forest settlements of Bryansk region, %
15 years after the accident
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Interception of radionuclides by forest vegetation

* Type of deposition: wet and dry; size of radioactive particles
* Seasonality effects

® Biomass of forest compartments (most important for deciduous

plants)
® Availability of different feeds for game
* Forest characteristics:
® Type of trees

® (Biomass

® Age of trees
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Dynamics of *°Sr activity concentrations in different components of
birch forest after the Kyshtym accident (Tichomirov - Alexakhin, 1977)
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Accumulation of radionuclides by plants and mushrooms

® Roots (mycelium) location relative to the contamination profile.
* 137Cs accumulation capacity of the plants (or mushrooms).

* Radionuclides distribution over the profile of the soil and litter.
* Type of soil, in particular, water regime.

* Type of nutritious substrate (wood, litter, soil, etc.).

* Type of the forest.

(5
Gy IAEA -



Awverage transfer factors for different species of mushrooms,
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Average transfer factors to berries, Bg. kg/ kBqg ni?
(Pathway analysis..., 1996)
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Radial distribution of °7Cs at different vertical positions

along the trunk of Pine trees.
The ring formed in 1986 is given by a vertical mark
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Transfer of 15’Cs to pine wood on soils with contrasting
properties (IAEA, 2009)

Peaty soil (Hydromorphic)
Soddy podzolic soil (Automorphic)
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Factors governing radionuclide accumulation in game

* Transfer factors from feeds to muscles
* Biological half lives in game tissues;
* Feeding ration of game;

* Seasonal variations in availability of different feeds;

* Type of forest — radionuclide concentrations in different feeds.

(LY IAEA
)
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Modelling of radionuclide behaviour in the forest (IAEA,
2002)
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FORESTLAND model (IAEA, 2002)

* FORESTLAND is a dynamic ecosystem model for interpreting and
forecasting temporal and spatial patterns of the radioactive
contamination of forests ecosystems. The model is focused on
migration pathways leading to internal and external radiation doses
to the population.

* FORESTLAND can be applied to both the acute and long-term
phases of the contamination created from an aerial radioactive

deposition. The present wversion of the model consists of five
individual models.
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FORESTLAND model

* FORESTLAND is a dynamic ecosystem model for interpreting and
forecasting temporal and spatial patterns of the radioactive
contamination of forests ecosystems. The model is focused on
migration pathways leading to internal and external radiation doses
to the population. FORESTLAND can be applied to both the acute
and long-term phases of the contamination created from an aerial
radioactive deposition.
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Minmimum Forest Management

Forests need a certain minimum level of management in order to
prevent forest fires and to Reep potential diseases and animal
numbers under control.

This level of management should continue, even if the decision were
made to restrict access to both members of the public and workers in
order to reduce doses.

The occupancy of workers may be reduced to the level required for
fire-fighting purposes (20 people per Rm* multiplied by the annual
probability of a forest fire)

(LY IAEA
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Limiting public access to the forest or banning the collection of
mushrooms and berries

This option can greatly reduce public occupancy of the forest. The
level of forest produce collected for consumption by the public may be
also very low. The ingestion of mushrooms and berries may be
substantially reduced.

Thus, the option can make negligible external and internal doses
related to the forest.
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Optimizing forest managenient

Optimisation approach supported by
site specific information to each
settlement on spatial variation in
contamination for nearby forests,
which mushroom species to avoid,
where and when wood and wild
products can be taken.

The Map indicates forests with
different probability to sample
contaminated mushrooms. Similar
maps were prepared for other forest
products, berries, wood, herbs, game
etc.
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Limitation of tree harvesting and forest products collection to
areas with low contamination

The contaminated forest can be subdivided to the subareas with
different forest soil contamination.

External doses can me be lowered, if forest activities are limited to
the areas with low soil contamination.

The same effect can be observed for internal exposure, if mushroom
and berries will be collected in the area of low contamination or with
low radionuclide transfer.
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Delayed harvesting of timber

The objective of this action is to allow the activity concentration in
wood to be reduced by radioactive decay, and to allow activity in the
soil to migrate to depths below those accessible to roots.

The lower activity concentrations in wood at the delayed time of
harvest may reduce doses to both the public and the forest workers,
(e.g. resuspension during cutting and from being surrounded by wood
in a wooden house or storage area).

(LY IAEA
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Cs-137 activity concentrations in wood for 1 kBg m~
contamination density
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Management options for the forest soil: Soil improvement and
application of PK fertilizer and/or liming

The option involves initial thinning or clear cutting of trees followed
by shallow harrowing (not ploughing) of the soil.

This may provide some reduction 1.3 fold in the soil to tree transfer .

This option involves the application of fertilizer or lime to the forest
sotl.

The option may allow up to 2 fold reduction of the transfer from the
soil to all forest products, with the exception of some mushrooms and
roe deer.
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Influence of fertilisers on the *°Sr and °’Cs transfer to needles
of pine trees (Ipatyev. et al., 1999)
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Influence of fertilisers on °"Cs transfer to heather
(Rosen et al., 2011)
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Influence of fertilisers on >’ Cs transfer to bilberry
(Rosen et al., 2011)
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Management options for animals: banning or shifting the

hunting of game

This option may substantially decrease the ingestion of wild boar, roe
deer or moose. Worker and public occupancy in the forest is assumed
to be unaffected by this countermeasure: thus, only internal doses
may be reduced by this option.

(LY IAEA
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Dynamics of >’ Cs concentrations in meat of roe deer - effect of
seasonality in Bodenmais, Germany(Fielitz et al., 2009)
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37 Cs activity concentrations in roe deer harvested in Harbo area of
Sweden (Avila et al., 1999)

Days

; @ N Day 0 is January 1, 1989
D



Long term dynamics of °”Cs transfer to wild boar muscles.
Weinsberg forest. Germany
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Time variations of >’ Cs concentrations in meat of roe deer and
moose in Harbo area (Central Sweden):

Application of the FORESTLAND model
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Provision of salt licks for wild animals

The option involves placing salt licks in forest areas on a reqular and
continuing basts. The aim is to reduce the uptake of °”Cs by wild
amimals, such as wild boar, moose and roe deer.

The option may allow about 2 fold reduction of Cs transfer to wild
animals.

(LY IAEA
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Combinations of individual options

Some options may be considered in combinations:

* fertilisation of the forest soils and application of salt licks for the

garme,
* banning mushrooms and hunting;
* fertilisation of the forest soils and delayed tree harvest,

* fertiliser, salt licks and banning mushrooms.

(LY IAEA
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Basic criteria for evaluating of remedial management
options

Effectiveness and feasibility
Economic cost

Waste generation

Soctal and ethical issues

Side effects

Constraints

D@ KD BHKO KO O
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Fukushima Daiichi forest remediation

* Removal of surface material and branches from 20 m border
* Qestrictions on wild food, local monitoring

*  No further new measures are Rnown

(LY IAEA
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Remedial measures applied — forest: Chernobyl vs Fukushima




Some additional details can be found in:

RADIOLOGICAL
ASSESSMENT

R | g
TECHNMCRL REPORTS SERIES NG, l-l.l

Gt 50155 Environmental Gonsequences
TECHAICAL REFORTS SERIES 15, 1 (L of the Chernobyl Accident

Guidelines for Remediation and their Remediaﬁoni_
Strategies to Reduce the Twenty Years of Experience
Radiological cqnsequgnces Handbook of Parameter Report of the

of Environmental Values for the Prediction
| of Radionuclide Transfer in




Some useful references

* Alexakhin, RM., “Remediation of areas contaminated after radiation accidents

and incidents”, Remediation of contaminated environments (Voigt, G. and
Fesenko, S., Eds.), Elsevier, Amsterdam (2009) 177-222.

® Fesenko, S.V. et al, 2000. Analysis of the contribution of forest pathways to the
radiation exposure of different population groups in Bryansk region of Russid.
Radiation and Environmental Biophysics 39, 291e300.

* Hove, K., et al., Fungi: a major source of radiocaesium contamination of grazing
ruminants in Norway, Health Phys. 59 (1990) 189-192.

* [International Atomic Energy Agency, Environmental Consequences of the
Chernobyl Accident and their Remediation: Twenty Years of Experience. Report
of the Chernobyl Forum Expert Group Environment, IAEA, Vienna (2006).

® Jpatyev, V. A., et al.,., 1999. Forest, man and Chernobyl. Forest ecosystems after
the Chernobyl NP accident. Current state, prediction, perception by the
population, ways of the rehabilitation. Retchinsk, Gomel (in Russian with

uglish abstract)
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Some useful references

International Atomic Energy Agency, The Fukushima Daiichi accident. Technical
volume 4 radiological consequences, IAEA, Vienna (2006)

Modelling the Migration and Accumulation of Radionuclides in Forest Ecosystems
(IAEA BIOMASS REPORT 1, International Atomic Energy Agency, Vienna, 2002

Handbook of Parameter Values for the Prediction of Radionuclide Transfer in
Terrestrial and Freshwater Environments. Technical Reports Series 472, International
Atomic Energy Agency, Vienna, 2010

DE CORT, M., Atlas of Caesium Deposition on Europe after the Chernobyl Accident,
Rep. 16733, Office for Official Publications of the European Communities,
Luxembourg (1998).

Fielitz U, Klemt E, Strebl F, Tataruch F, Zibold G (2009) Seasonality
of 137Cs in roe deer from Austria and Germany. J Environ
Radioact 100:241—-249

(LY IAEA
)



e, ool
L e

L (2

.

-

3
A
L e

];h,-
%"

»
.
-




A AR

The incident of Chernobyl and subsequent forest contamination issues
Prof. Sergey Fesenko (Environmental Lab. IAEA)
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