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RADIOBIOLOGICAL STUDIES OF TERRESTRIAL FLORA AND FAUNA IN THE AREA
OF INFLUENCE OF THE CHERNOBYL ACCIDENT OVER THE YEARS

Igor GUDKOV
Radiobiology and Radioecology Department, National University of Life and Environmental

Sciences of Ukraine, Kyiv, Ukraine, ingudkov@ukr.net

The species composition of biocenosis changed significantly in certain areas near the
Chernobyl NPP for 29 years after the accident. However, these changes are caused basically by
changes in the character of human activity such as reducing of anthropogenic pressure up to its
complete absence in the exclusion zone and zone of obligatory resettlement. And although, taking
into account multifaceted human activity it is very difficult to distinguish the impact of particular
factor on the expression of some biological effects but ionizing radiation should be considered as
one of the main factor in the area of accident.

Undoubtedly, the main factor that causes violations of coenotic links in biocenosis is
reactions of the most radiosensitive species. The levels of hazardous radiation doses for biocenosis
can differ significantly from doses that cause noticeable violation of some reaction in separate
species. That is why a comparative study of biocenosis components radiosensitivity plays a
significant role in addressing the issues of radiation safety for it. It should be borne in mind that
coenotic changes may occur not only at inhibitory doses, but also at stimulating ones. The hormesis
phenomenon in one species creates for them certain advantages that can be accompanied by
worsening conditions for the development of other ones.

During the years after accident the biocenosis changes are caused mainly by chronic
exposure, so the dose rate is more important characteristic that influence on its structure than the
total dose. Safe dose rate for biocenosis should be considered the one that at any time of radiation
will not cause its changes. There is reason to believe that it should not much exceed the natural
background radiation. With increasing of dose rate from <10™°to >107* Sv/h such radiobiological
effects will take place: biochemical changes, chromosome aberrations, visible mutations, changes in
population structure, deletion of radiosensitive species, biocenosis depletion, and, at last, as the
strongest effect is biocenosis degradation.

All these effects are revealed in many plant species in zone of radiation influence after
accident. The particularly obvious somatic mutations are morphological changes in one of the most
radiosensitive species not only among plants but among living organisms in general a scotch pine
(Pinus silvestris) are demonstrated especially: dichotomy, taking down of apical dominance,
denudation of trunk, chlorophyll mutations etc.

Some plant species, in particular leguminous, cereals, crucifers, ranunculaceae, rosacea

137

families, have high ability to accumulate *°Sr and (or) **’Cs, which is caused by their, respectively,

high consumption of calcium and (or) potassium in metabolism, so in same area with similar level of
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radioactive contamination of soils due to internal irradiation can receive significantly higher dose
than other species, including those with higher radiosensitivity. There are some data which show a
weakening in phytocenosis or even loss of some plant species in the accident area. And it is not
always representatives of the most radiosensitive families. There are such as orchard-grass (Dactilis
glomerata), white clover (Trifolium repens), rosebay (Chamaenerium angustifolium), sandman
white (Melandrium album), plantain (Plantago lanceolata), morning violet (Viola matutina),
common dandelion (Taraxacum officinale). Exactly due to ability for accumulation of radionuclides
this plants growing on the same contamination area may form higher doses of internal irradiation
in comparison to other more radiosensitive species.

The absorbed dose for various species even in the same phytocoenosis and at the same
conditions of contamination depends on some other factors. For example caesium, which is evenly
distributed in the body of vertebrates, in plants concentrates mainly in division cells, creating
sometimes very high doses of local irradiation of critical plant tissues — meristem. Therefore, doses
of radiation for plants can differ even if they grow in the same conditions.

The high radiosensitive plant species can serve as biological dosimeter of ionizing radiation
and radioactive contamination. It was shown a clear dependence between level of soil
contamination by radiocesium and number of chromosome aberration in cells of root meristem in
cow vetch (Vacia cracca) and winter vetch (Vicia villosa).

The death of a pine forest (so-called "Red Forest" with area of 600 hectares) near Chernobyl
NPP and an appearance on that place wild verdure is a striking example of the largest damage —
biocenosis degradation. During the years after accident a mention species of vetch and dandelion
are vanished practically in phytocenosis of the exclusion zone.

The studies of the general state of faunal complexes of the exclusion zone allows to
estimate the consequential changes in the structure and quantity of terrestrial animals for the post
accidental years and conventionally distinguish three periods of the accident impact. The first
period — approximately the first 60—80 days after the explosion of the reactor are characterized by
an acute influence of ionizing radiation on living organism. As a result of the death of large pine
woodland the trophic links in biogeocenosis were affected, which led to significant changes in
faunal complexes. First of all this applies to invertebrates — inhabitants of litter and insectivorous
birds of forest complex. Species diversity during that time was minimal. The second period — the
period of total suppression of some biogeocenosis — was continued till the end of 1991. This time a
general depression of faunal complexes, related in their vital functions with the contaminated soil
was marked. It was expressed in a steady decrease in species diversity of almost all groups of soil
insects, where the dominant groups were replaced with prevalence of the ground beetles over the
carrion beetles. The third period (from 1992 to 2000) was characterized by gradual recovery in
guantity and population structure of entomological and ornithological complexes and some

decrease in the number of mammals. Currently, the structure of terrestrial fauna complexes almost
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returned to the characteristic of pre-accident period, and species diversity recovered almost to the
initial status.

It should be noted that there is a few information about the death of animal due to
exposure in natural cenosis. In autumn 1986 a decrease in the number of murine rodents in 3-5
times was observed. However, significant differences in the number of rodents in agrocenosis from
the average were not found in subsequent years. At the same time, the number of soil
invertebrates decreased by three orders, and therefore significantly change their age structure so
mature animals became dominant. Outside the exclusion zone on the poultry farm for wild
waterfowl breeding observed a 100% destruction of mallard (Anas platyrhynchos) embryos and
substantial reduction in reproduction of other species.

The upward trend in the number of main hunting animal species manifested from 1987 to
1992. The peak of amount, associated with fodder capacity of territory, has not been achieved. In
comparison to the pre-accident levels the growth of elk (Alces alus) and roe deer (Capreolus
capreolus) populations assessed as moderate, and the quantity of such polycarpic species as the

wild boar (Sus scrofa) it was estimated as significant, in 810 times.

Evaluation of absorbed doses for animals showed that the greatest dose load for birds
creates an external y-irradiation due to a longer term of stay in crown of trees, and for large
mammals it is an internal irradiation from radionuclides incoming with forage. There is a definite
relationship between trophic level of animals, their daily activity, mobility, size of fodder plot and
internal radiation dose. Thus, the maximum dose is registered for the roe deer, which feeds mainly
grass and mushrooms in the vegetative season, fallen leaves and trees bark in winter. The
formation of dose in wild boars is strongly affected by their lifestyle and particularities of feeding.

Influence of ionizing radiation on associations of organisms of different taxonomic groups,
even in relatively low doses, far from the lethal level for the most radiosensitive components may
cause significant changes in its structure. This is because even a slight inhibition of growth and
development, reproductive capacity of one or two species may be accompanied by violations in
cenotic relation and to provide favorable conditions for other species.

In situation, formed at radioactive contaminated territories, a long-term irradiation can be
more dangerous for biocenosis than a single acute one, as the chronic exposure acts on plant or
animal for many successive generations and can lead to accumulation of gradual deviations in
species development. It is allow to assume the possibility of incomplete realization of remote
consequences of irradiation now. Genetic effects, which are the result of genome stability disorders
and cause mutation, population stratification, extinction of some species and probably other
remote effects including microevolution transmutation can take a special significance. But powerful
system of recovery processes resists the negative impacts of radiation and should provide stability

of the autochthonous structure of biocenosis.
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EFFECTS OF LONG-TERM RADIATION EXPOSURE ON AQUATIC PLANTS AND
ANIMALS WITHIN THE CHERNOBYL EXCLUSION ZONE

Dmitri GUDKOV
Department of Freshwater Radioecology, Institute of Hydrobiology of the National Academy of

Sciences of Ukraine, Kiev, Ukraine. E-mail: digudkov@gmail.com

Along with natural decontamination processes in aquatic ecosystems such as physical decay
of radionuclides and their water transport outside the Chernobyl Exclusion Zone, there is a change
of physical and chemical forms of radioactive substances in soils of catchment areas, their
transformation and transition in the mobile and bioavailable state, washout to the closed aquatic
ecosystems and accumulation by hydrobionts. This is essentially deteriorates the radiation situation
in closed aquatic ecosystems, which are some kind of “storage system” of radioactive substances in
the Exclusion Zone and results in increase of radiation dose to aquatic species and manifests in a
variety of radiation effects at different levels of biological systems. Thus the stagnant water bodies
located on radiation contaminated territories within the Exclusion Zone are the areas of the main
accidental, long-lived, radionuclides accumulation, the areas of the increased long-term radiation
dose rate on aquatic biota, and also the areas of high probability of radiation effects realization.

Currently the radioecological situation in the Exclusion Zone is determined primarily by

90 137 238 239 240 241
S Cs Pu P d

long-lived radionuclides r, , , u, “"Pu an Am. The absorbed dose rate for

hydrobionts of the researched water bodies within the Exclusion Zone during 1997-2014 was
registered in a range 1.3 mGy year™ - 3.4 Gy year . The highest levels were registered in lakes of
the dammed territory of the left-bank floodplain of the Pripyat River, the lowest one - for running
water objects.

Different radiation effects of ionizing radiation on hydrobionts in lakes within the Exclusion
Zone have been registered in post-accident period. Some of these effects appear shortly, while an
increasing importance is expected by the remote consequences - genetic damages induced by a
long-term irradiation. These remote consequences are a long-drawn realization of changes in
molecules of heredity, where the initial molecular damages have a latent period without any
display and can be transferred through the many generations of cells to be a reason of genome
instability in future.

During 1998-2013 we evaluated the cytogenetic effects level in embryo tissue of gastropod

snail (Lymnaea stagnalis L.) as chromosomal aberration rate, considering it as reaction of snails on
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radiotoxicological condition of environment. The rate of chromosomal aberration was found in
snails from the most contaminated lakes of the Exclusion Zone - 21-23%. About 2.3-3.3% of
aberrant cells were registered in snail’s embryo from the rivers within the Exclusion Zone and the
rate of chromosomal aberration for snails from the reference lakes was about 1.1-2.0%.

The highest average rate of chromosomal aberrations in root meristems of the common
reed (Phragmites australis (Cav.) Trin. ex Steud.) was registered in lakes of the Exclusion Zone -
5.9-7.3%. In comparison, the data received for reed from reference lake amount to 1.0%. The rate
of chromosomal aberration in reed from closed water bodies within the left-banked flood plain of
the Pripyat River was in 2-3 times higher than spontaneous mutagenesis level. The single fragments
were the frequently occurring aberration in meristem cells of the common reed - on the average
57.0 % of all aberrations. Rate of single bridges were 40.7 %, multiple aberration, including different
variation of fragments and/or bridges (pair bridges or fragments, bridge and fragment, bridge and
two or three fragments) were 2.3 %.

Haematological research of hydrobionts in the Exclusion Zone shows essential changes of
hemolymph structure of molluscs and high amount of red cells with atypical shape of nucleus in the
blood of fishes from the water bodies with high levels of radioactive contamination that allows to
assume that the qualitative indexes of red cells of peripheral blood of fishes are more sensible to
chronic radiation influence in comparison with the elements of white blood. Leukogram analysis of
peripheral blood of fish showed the decrease of part of lymphocytes, responsible for the
implementation of immunological reactions. At that it is registered increase in the number of
granulocytic elements (neutrophils and pseudoeosinophils), responsible for phagocytic function and
involved in allergic and autoimmune reactions. Along with changes in leukograms an increased level
of morphological damages of erythrocytes (deformation of nucleus and cell membrane, nucleus
and cytoplasm vacuolization, pyknosis and lysis of cells, forming of microcytes, schistocytes, double
nucleus cells and micronuclei) was determined, which is generally for pray fish in 4-12 times and for
predatory fish in 7-15 times higher than in fish from reservoirs with background levels of
radioactive contamination.

During 2009-2012 we analyzed morphological parameters and the presence of anomalies of
egg capsules and egg mass of the pond snails Lymnaea stagnalis: despiralization or weak
spiralization strand with egg capsules; multilane organize of egg capsules in egg mass; location
loose of egg capsules; twin egg capsules; polyzygosity of egg capsules; egg capsules without

zygotes; zygote outside the egg mass; egg capsules larger or smaller sizes, as well as irregular shape.
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There is a good correlation between quantity of abovementioned abnormalities and density of B3¢
contamination of bottom sediment of studied water bodies.

Analysis of the viability of the seed progeny of the common reed at germination in the
laboratory showed that in gradient of absorbed dose rate from 0.03 to 11.95 cGy/year for parental
plants in lakes, there is a reduction in technical germination from 93 to 60%, germination energy -
from 91 to 30% and seed viability - from 54 to 38%. At the same time significantly increased the
number of abnormalities of seed seedlings: necrosis of roots - from 1.3 to 14.7%; disturbance of
gravitropism - from 2.6 to 17.0%; damages of organogenesis - from 4 to 24% and disturbance of
chlorophyll synthesis - from 0 to 2%.

For the common reed in lakes of the inner exclusion zone, the high level of affection by
parasitic fungi Claviceps purpurea and by gall-producing arthropods, in particular by mites
Steneotarsonemus phragmitidis (sometimes up to 100 % of a vegetative population of lake), was
discovered. During 2002-2009 affection by mites quickly propagated in other closed reservoirs of
the Exclusion Zone, essentially reducing rates of growth, seed efficiency and bioweight of plants.
Now there are no bases finally to approve, that the damage of a reed causes by the impact of
ionizing radiation, however we are anxious about the fact, that this mite species for the first time is
registered in Ukraine within the Exclusion Zone, in the territory which is the most contaminated by
radionuclides. In this connection it is supposed, that one of the possible reasons of a total plants
disease can be a loss of them a parasitical stability in conditions of chronic radiation influence.

Thus the established dose-related effects in hydrobionts of water bodies within the
Exclusion Zone indicates a damage of biological systems at subcellular, cellular, tissue, organ,
organism and population levels as a result of chronic exposure to low doses of ionizing radiation.
The rate of chromosomal aberrations in cells of aquatic species in many times exceeds the level of
spontaneous mutagenesis level to aquatic biota. Increased levels of chromosome damages may be
a manifestation of radiation-induced genetic instability, which is one of the main mechanisms for
the protection of living organisms from exposure to stressors with subsequent implementation at

higher levels of organization of biological systems.
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The assessment of radiation effects on Japanese macaque within and around the
ex-evacuation zone of the Fukushima nuclear power plant accident

Y. URUSHIHARA, M. FUKUMOTO

Institute of Development, Aging and Cancer, Tohoku University

PR BN DO ELFERIRR BT I, O E R EE PR ET (@ERIE) FHRICRE
SN HERXIRICAY | FRE ST FKE OLEERALSIZRAT L Cligas, A, g0 7Y
VT EAT o, TNVETITEERNO 7 2K 300 85, 7 Z K 60 BEOREIZUE L, vl - ke
R PE . & B REIR EE IZ O\ T (Fukuda et al., 2013), w7 IR, FEHREA~DEEHREDORE
2 (Yamashiro et al., 2013) IZOWTHKLHRE L T3,

BERICART DB AE =R PV O A TR D LT, R AR L, NS SEIC
WIS BRE W ERTRINS, £, =R P ITEEBR T LEHAEBMOHR T MOk
HLIEWEMFETH D Z &0 D, =R PO < AT I EBEHIL T LD 8 h~Dfk
e Z AT D57 OIC L IEFICREREREFF O, £ 2T, 2013 FFELIRRITE R R =7k v PILIR#
BHEFEIZESWCETHTA 2T > TW D BEBGHE O - DIl S A =R o rot o7
V7B L, 201564E2 H 1 HEIFET 186 BAINL DY 7Y U T B {T-o T 5, ZiILH Ok % H
WT, =R CPENOBNEE BT DB RBIREOREZITV., EBESLRHE L TV HEE
O =78 YL ORI P ML BRI fEAT#E R (Ochiai et al., 2014) & OHERAEIT->7-,

=R DOENESHEDE OfENTIE, ZhE TICEBRN CTHiE Sz 166 RO B A =R
PADIEER L VAT T, AT MASHIC X D HEEEHIEIL S L~ =T A (Ge) Y-8 4 High &2 W
e, SR AN LRI e EII D 2nW s, EHOBEMERE Z/ER L, 3 ¢~20 ¢
DR TN 21T o 7o, RERIUSAR, . SR, (O, Wi, MR, & FFh. Al PiE. B,
Mg, BEie, Mafi, BRTFHR. MM, RSB, Bd. H. /B, K. IR OKEIR) . ko 22 Ao
WTARY MG ATV, EE LI E OFRE & OREDFE I ZIT -7,

PRV I M EREL S OFEMTIE, 18 5 RN CHE S B A =R WL 69 fEIR, EHRN CTHiE S
Te B A =R B 30 fER M OV SE R G D EBREV WA B s O = A8 > YL 8 R K 0 KK % EDTA
BRI L. 485 R OVE N TR S = R U WU oW T A ER L, ARl RS, i/ Mg,
~EZREUE ~v b7 Uy MEEZ BEREO=A POV TITAMERE, ARl % &
M7=,




CHVE TITRERAS 166 fE A, Tk 52 i {4, thoolgasid 10 84 ~20 RISV T Ge 5 g
ERNTZANRT SAGHT 21T T D, TORR, REBROBA =R PSR T IRV TR
S AV AR B IS F R R O B MR ARIE, T0s KON Cs DA TH -T2, LinL, =K FL5lEds
DR REIR EEHIE 1 2014 4 4 A DIRRIC AR S 4072 2 & s D 1@ B SRR F R O B U U M AR L2 >
WTITT TICAHEPERRRIE TE RoTo 8B A DN D, M ORI > U NRE Z ik LT
& A KRERWEAM, mEMHOBEMEE U ARENR b E < ROTEG, 31 P, KR, &,
Bk, BRI, OIRONE TR 7,

BER. EHIE, BEREO =R Y0 BRI L i P A5 mEREIZ STk L2y, AF
ZEIHB ORIl o, BERO =R POV TRERF A e B & i k2 oo A8 BafgT 2
BIpolz, %A DITHERIZIB W TH AP RERE & ALERE E OADHBEZ#E L TV 25205,
P OFMTHRER TIEBE 2AHBIE A bR Tz,

Fukuda T, Kino Y, Abe Y, Yamashiro H, Kuwahara Y, Nihei H, Sano Y, Irisawa A, Shimura T,
Fukumoto M, Shinoda H, Obata Y, Saigusa S, Sekine T, Isogai E, Fukumoto M 2013:
Distribution of artificial radionuclides in abandoned cattle in the evacuation zone of the
Fukushima Daiichi nuclear power plant. PLoS One 8: €54312.

Ochiai K, Hayama S, Nakiri S, Ishii N, Uno T, Kato T, Konno F, Kawamoto Y, Tsuchida S, Omi
T 2014: Low blood cell counts in wild Japanese monkeys after Fukushima Daiichi nuclear
disaster. Sci Rep 4: 5793.

Yamashiro H, Abe Y, Fukuda T, Kino Y, Kuwahara Y, Fukumoto M, Takahashi S, Suzuki M,
Kobayashi J, Umetsu E, Tong B, Yamada T, Yoshida S, Sato E, Shinoda H, Sekine T, Isogai E,
Fukumoto M 2013: Effects of radioactive caesium on bull testes after the Fukushima nuclear
plant accident. Sci Rep 3: 2850.

Summary
We have set up a study group for the assessment of radiation effects of the FNPP accident. We determined the
activity concentration of radionuclides in organs of Japanese macaqgue in Fukushima prefecture. The
deposition of only ***Cs and **’Cs was observed in all the organs examined. The radioactive cesium level in
the skeletal muscle was the highest among all the organs studied. We did not, so far, find any correlation
between the concentration of radioactive cesium and leukocyte count.



Scope and Present State of Institute of Environmental Radioactivity (IER) at
Fukushima University

K. NANBA, T. TAKAHASHI

Institute of Environmental Radioactivity, Fukushima University

Abstract

IER is established in 2013 after the accident of Fukushima Daiichi Nuclear Power Plant to promote/facilitate
scientific research on environmental radioactivity and to share the experience among international science
community. IER has 5 divisions; Radiation Morphology, Radioisotope Geoscience, Radioecological Transfer
and Effects, Measurements and Forecasting and Research Coordination. The research staff in IER are rather
international and have started their work in hydrology, forest radioecology, marine chemistry, monitoring
system development etc.  Analytical laboratory building opened in Jul. 2014 that has analytical equipment

rooms and sample preparation rooms.  Another building that can be used for education of graduate students
is under a plan to open in 2016.
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Research on effect of radiation on plants in Fukushima

Vasyl IOSHCHENKO, Kenji NANBA, Tsugiko TAKASE

Institute of Environmental Radioactivity, Fukushima University

Studies in the Chernobyl zone showed that the accidental release and the following contamination
of the forest ecosystems resulted in formation of the numerous damages of the plant species. In
particular, accidental release caused lethal damages to the pine plantations in the near vicinity to
the ChNPP. At the less contaminated areas the radiation exposures caused formation of the
well-expressed morphological changes in the pine trees, such as changes in size, shape, and color of

individual organs and their location in the plants (Kozubov and Taskaev, 2002).

In our earlier study (Yoschenko et al., 2011) we demonstrated that at the late phase of the
Chernobyl accident the morphological changes in Scots pine were presented almost exclusively by
cancelling of the apical dominance, while other morphological abnormalities were extremely rare.
As a result of the large-scale observations in the forest ecosystems of Chernobyl we formulated the
dose rate — effect dependencies for morphological and cytogenetic changes in Scots pine. Also, we
inferred that in the studied species the apical dominance disappeared mainly in the young trees
(mean age of occurring the effect was 4.4 years and did not depend on the dose rate). The new

changes almost did not appear in the trees older than 10 years.

It is important to mention that the mentioned morphological changes occurred at the levels of the

dose rates that can be found in the forest ecosystems of Fukushima. In 2014 we started the study

aimed to identify the effects of radiation to the plant species in Fukushima. At this stage we focus
on revealing of the morphological abnormalities in the coniferous species as the species with a high
radiosensitivity. Taking into account the above-mentioned age dependence of formation of
morphoses, we primarily looked for the compact groups of trees of Japanese red pine (Pinus
densiflora) that were exposed at the juvenile stage of their development.

To the moment, we found four locations in the Fukushima zone where increased frequencies of the
morphological changes in the young pine trees were detected and where the numbers of the trees
were big enough to quantify the effect. Similarly to the Scots pine plantations in the Chernobyl
forests, in the Fukushima zone we observed cancelling apical dominance in Japanese red pine (Fig.
1). We did not observed an increase of the rate of such abnormalities in the groups of the older

trees growing nearby.

Limited amount of observations does not allow to formulate now the dose rate — effect
dependency for cancelling apical dominance in red pine. The study will continue for accumulation
of the larger array of empirical data. Also, an approach for the reliable dose assessment should be
elaborated. We measured the air dose rates at the mentioned 4 locations; at 2 locations we also

estimated the doses to the trees from the measured values of incorporated 134137 using ERICA
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Tool. Comparison shows that the total doses to the trees are caused mainly by external radiation
from the radionuclides in soil. However, the air dose rates measured in 2014 may be lower than in
the period of formation of morphological changes. This explains why in the Fukushima zone the
apparent rate of morphoses is higher than in the Chernobyl zone (Fig. 2): the dose rates for the
Fukushima zone may be underestimated. Therefore, the presented data must be considered as
preliminary and the further study should include dating the morphoses and, if they occurred in the
past, the dose rate reconstruction. Also, the different rates of morphoses can reflect the probable

difference in radiosensitivity between the two studied species.

0.6

—&— Chemobw

® Fukushima

frequency of morphoses

Dose rate, pGy h?

Fig. 2. Dose rate — effect dependence for morphological
Fig. 1. Cancelling the apical changes in Scots pine in the Chernobyl zone and
dominance in young red pine tree preliminary results of observations of morphological

in the Fukushima zone changes in Japanese red pine in the Fukushima zone.

Accumulation of the empirical data and improvement of the dose assessment will enable formulation of the
reliable dose rate — effect dependency for Japanese red pine and its comparison with the dependency for

Scots pine, and will contribute to specification of the safe dose rate values for terrestrial ecosystems.
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DHZAT o7z, ZDHEFERIZOWVWTHEOE THRET 5,
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BIRE R TIET — 2 BRONTEY . ROMPUITITEENLETH D, £, ABEH CIIWILET
=2V T DRFEEDRERIZHOWT RIS D,

summary
In our institute, we have been carried out many researches for environmental disaster after Fukushima Daiichi
Nuclear Power Plant accident. Those include research for impacts on wild organisms and ecosystems in
Fukushima. Here, we introduced following two topics performed in our institute. (1) Wild Japanese field mice
(Apodemus speciosus) were captured in a high-gamma-dose area in Fukushima and in low-gamma-dose areas
(Aomori and Toyama). The histochemical observations of testis and determination of malformation rate in
sperm were carried out. (2) Monitoring project of mammals, insects, birds and frogs in Fukushima was started
in 2014. In this project, population indices of these taxa have been recorded at about 50 monitoring sites.
Results of insects and mammals will be shown in this presentation.



Evaluating radiocesium transfer in forest-stream ecosystems of a headwater
catchment

T. GOMI

Tokyo University Agriculture and Technology

Abstract

We analyzed concentration of radiocesium in aquatic and terrestrial organisms and organic matter sampled
from a Japanese cedar plantation approximately 45 km away from FDNPPs. Stable carbon and nitrogen
isotope analysis indicated that the dominant primary producer in both terrestrial and aquatic areas was cedar
litter. *¥'Cs concentrations in cedar litter ranged from 20900 to 33300 Bq kg™ dry-weight on forest floor,
whereas those in the stream ranged from 5690 to 7920 Bq kg™ dry-weight. Radiocesium concentration in
organisms differed among their habitats, and was the greatest followed by forest, riparian zone, pools, and
riffles. These results suggest that the level of radiocesium concentration in consumers depends on the level of
contamination of primary producers available in consumers’ habitat range. Dynamics of radiocesium via litter
decompositions and transport is one of the key processes for understanding biological transfer of radiocesium
in forest-stream ecosystem.

Radiocesium concentrations of char ranged from 1211 to 6148 Bq kg™-dry. Radiocesium concentration
appeared to be greater in the individuals with greater body sizes. Body fatness index estimated by the body
lengths and weights were positively correlated to the concentrations. Based on the analysis of gastrointestinal
contents, terrestrial insects were important food sources especially during summer. Because terrestrial food
sources were more contaminated than freshwater ones, char likely accumulated radiocesium in summer than
in winter. Hence, greater metabolism of char during summer induced higher excretion of radiocesium
according to metabolic rate analysis. Our findings showed that metabolism and resource subsidies between
stream and riparian ecosystems are key processes for understanding radiocesium transfer to salmonid fish in
headwaters. Based on these field information, we are currently working for developing model for *'Cs
transfer in forested ecosystems.
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X5, AMH~OEREE L OZOERIZONTO
EANED bz, A%IE. ZRODOEIZED
Bon=T—20b, EERICBITI2R8MEES
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Sakai M, Gomi T, Nunokawa M, Wakahara T, Onda Y (2014) Soil removal as a decontamination
practice and radiocesium accumulation in tadpoles in rice paddies at Fukushima.
Environmental Pollution 187, 112-115.



Sebastes cheni
Radiocesium concentration and biological half-life in living Japanese black rockfish
Sebastes cheni

A. MATSUMOTO, H. ARAKAWA
Tokyo University of Marine Science and Technology

We aimed to clarify the temporal change of **'Cs radioactivity in an individual of Sebastes cheni. We
measured individual whole-body **'Cs radioactivity using high-efficiency Nal(TI) scintillator and estimated
the biological half-life (T,) of **’Cs. The difference of T, between sex and size class were not significant. The
mean value of T, was 275d (s.d. 47d). These results revealed that the reduction rate of **’Cs would not have
been varied significantly.

HAARREBERIZLORE LA ENRES R IR ERTESLE, EERNE L T
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e A2NVEDON DO HBFETIE, BUELHOREWIRE T Y s A S b, o, CEHRF
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e LT, MEEDONal (T FL—arvrs (LUK, Nal) ZHW T a 22V KRD TT
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L. BEHEME 2 E £ 0HIRO T Fa 74X 7 I 2B EREE Lz, Vo ~ALT FLOH
ERNZ 2-T7 = /) F T H ) — )T K0 R A2 Jii L7 v AN VAERO SR a2l L,
ZDOBREBIZT T AT 4 v 7 BaINAE L, Nal FYUTELE L TH v A7 ML aHlE Lz, H
ERIL, EHIZTHEAKITRE L, BREED O fRAE S 72, HIERERIT 600 FORT, HIERMMEIX 20-30 H/[A]
ELT, F1ERT M4 BEE L7, YCs OIEMROED 2 ZET D202, T, OHEEIZIE s =%
X —FEE DB T AW, RIESHE P Cs h v b F—Z K LT, B SRIEICE DY
TIED BT T NV DRT A =2 =00 L a#HEE Uiz, BEKRIL, 8 RKERBR D
SR Ui /KIR % i B /KA T H AR 9 BRICHIE LT,
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The findings that were observed with the embryos of Hynobius lichenatus in

Fukushima

S. IHARA!, S. FUMA?, K. MATSUI?, U. UNE3

'Hokkaido University of education, % National Institute of Radiological Science,

3pzabu University

UNSCEAR, 2011
Fuma et al, 2012

2013
2011 1 2
2012 34.7%
43.8 23.9%
2
12.7 13.4 9.3
1.3 3.3
2012
2013 2012
2012 2013

Blaustein and Johnson, 2003

2011

5.3
23.3%
0.7 5.2
2013
4.0
2012

Fuma et al 2014



Blaustein and Johnson, 2003

Blaustein, A. R., and P. TJ. Johnson, 2003. The complexity of deformed amphibians. Frontiers
in ecology and the environment 1:87-94.

Fuma, S., Y. Watanabe, I. Kawaguchi, T. Takata, Y. Kubota, T. Ban-nai and S. Yoshida, 2012.
Derivation of hazardous doses for amphibians acutely exposed to ionizing radiation. Journal
of environmental radioactivity 103:15-19.

Fuma, S., Y. Une, S. Ihara, K. Mastui, T. Kudo, T. Tokiwa. Y. Kubota, H. Soeda, T. Ishikawa, K.
Doi, Y. Watanabe and S. Yoshida, 2014. Effect of chronic y-irradiation on growth and survival
of the Tohoku hynobiid salamander, Hynobius lichenatus. Journal of environmental

radioactivity 135: 84-92.

UNSCEAR, 2011. Sources and Effects of Ionizing Radiation: UNSCEAR 2008 Report to the
General Assembly, with Scientific Annexes. United Nation Scientific Committee on the Effect
of Atomic Radiation. New York.

summary
The external abnormalities and the mortality of embryos (eggs) of Tohoku salamander, Hynobius lichenatus
before hatching were investigated in Fukushima Prefecture in 2011, 2012 and 2013. In 2011, singular
phenomena for these were not detected. In 2012 and 2013, however, these percentages in Namie-machi that
has been contaminated with radioactivity of the relatively high concentration were significantly higher than
that of other sites that have been little contamination. This result suggests that some anomalies occurs in
Namie-machi 2012 and 2013, and examined the causes.
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Landbird monitoring in Fukushima

N. NAKAMURA
Yamashina Institute for Ornithology

Abstract

Monitoring of landbird productivity and survival rates in Fukushima and uncontaminated areas in Japan
started in 2012, using a standardized mist netting protocol. Preliminary results from the first three years
showed no significant differences in adult population index, productivity index, and adult survival rates
between contaminated sites (>20 uSv / hr at ground surface) and non-contaminated sites.

WK TIE, 1980 IR H 6 | (L SRR A I X 2 RO BME =2 U » 7iid CKE
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BINTHEZ, FHEEREOBBG AIRE L 725,
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FRAHI A DARED Do o ST EAREEAT R R O RIRHLIX T, 2012 =D FR A BA AAIF A ClIHizR
TORED 20 u Sv,/ FEE B 2 T 2, BERAOERD 2 #SiXmEiaE b s memieEs e, v
NH 1uSv/ R THY, HHIEHRETH -7,

PESEIHE =X U 7 OFT — X ENTIIT S ELL EOT — 2 NEE L E SN TV D, ARFEETIL,
SEMORE TH LN PR R E2HRET 5,

FOSTEREHREE (1 MdH7-0 | 1R B 72 0 O S EARES) | HAESRBE (5 ) |
BRSO BT EOALFER (RIS S 7o sUSE T IS g S V- BUSEEED ond o




10

RIS, R TOEBRRE Lo, £z, F—HAIZBW TS, 3 Ffl] (EFRICONTIE 2
) OEOEENRE o7,

AR R HLIE T H 2 BREEAT R I CTORCS AR IL, Mtk & bl U CHE 22T R bz o
776

REEARVE CHiE S /- BB IL Y 7 A A (Cettia diphone) & * v (Josterops japonicus) C
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MOE’s research on the effects of radiation on wild fauna and flora

Biodiversity Policy Division, Nature Conservation Bureau, Ministry of the Environment, Japan
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Summary

The Ministry of the Environment has been collecting samples of wild fauna and flora from in and out of the
20 km radius of Fukushima Dai-ichi NPP since the autumn of 2011. The results of the research in FY 2014
included, but not limited to, no significant difference in germination rate of four plant species collected in the

20km radius, and continued dominance of perennial herbs with increased growth and presence of some woody

plants in croplands of less human intervention, indicating possible future gradual succession of flora from

grassland to forest.
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1
Effects of radiation exposure on forest trees around the Fukushima
daiichi nuclear power plant

1

Y. WATANABE , S. ICHIKAWA , Y. KUBOTA , S. FUMA , K. MARUYAMA , M. KUBOTA ,
S. YOSHIDA?

'Fukushima Project Headquarters, National Institute of Radiological Sciences,
2Japan Wildlife Research Center

We focused on seeds of Japanese cedar (Cryptomeria japonica) near the Fukushima Daiichi nuclear power
plant for studying cytogenetic changes using a newly improved micronucleus assay system for plants. The
cedar seeds collected in 2011 from the trees in the highest contaminated area showed significantly higher
micronucleus frequency in the seed embryonic meristems than those from the trees in a control area. It was
suggested that the data of the micronucleus assay of the cedar seed were effective as a biological indicator of

the radiation exposure impact in radionuclide contaminated areas by the nuclear accident.

(2011)
80 uGy/h 20
ICRP) 4-40
HGy/h
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Radiation effects on medaka around Fukushima Daiichi nuclear power plant.

K. MARUYAMA

Fukushima Project Headquarters, National Institute of Radiological Sciences

The aim of our project is to investigate whether the radiation from Fukushima nuclear power plant disaster
could induce any effects in environmental field. We searched around Fukushima Daiichi nuclear power plant
(FINPP) for wild types of medaka, and found 2 points where the wild medaka are constantly available. The
point Nakata is around 4 km far from FLNPP, and ambient dose rate is 0.5-0.9 uSv/h, and the point Saruta is
around 7.5 km far from FINPP and ambient dose rate is 25-30 uSv/h. We surveyed the radio activity of the
wild medaka and surrounding soil (Nakata: medaka 720Bg/kg, soil 1,600Bg/kg Saruta: medaka 4,430Bg/kg,
soil 115,000Bg/kg in November 2013). The radiation effects on the medaka were evaluated using the
micronucleus assay. No significant difference for the frequency of micronucleated cells was observed among
medaka from Nakata, Saruta and our cultivated medaka that were used as the control.

WHAREBRIEOBES R ERORFBEFEHIC LY | AN OZE MR EITBE S B R
MEOETHEIOHEFETHY . BES~ORMIE EELZMAD 2 LI E B, FER
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%, Fio, ALEERS AARENESHICEALEMITAELR L TRBY, @5 RFTREXIC S AL
FIZAER LTV,

Rk 25 AREE KD BAREREEAFICRAT L. IR EREEKIN 2 # BT CA X 0 284 L, JE0 RO BUH
PR, BUNRBIREE, A X D ~ORSHRESEZMEL T D, FHEET, REHIAEEN 4 =
WAL B DK AR T, ZZMEEIX 0.5-0.9uSv/h ThH D, EHEET, FRENSEALIER 7. 5Kn
DONTIH T, ZEHHRE 25-30 4 Sv/h TH D, —WEFE, FEFEEREE, A& 0 L4, Baok, +
HARE L7V~ = U LB S THROBEIREE 2 JIE L7,

BB T D Bl FIE D —2 & LT, /IMERBRIEDN I DTS, BIE, A X TO/E
R A =7 O AL PO 21 ToT0d (BE 1), ZHETORT, MEFTEHEL TWDH AKX
A (mr he—/b) | R EET B, SRR TO T T Mifd/ M ME O HBUSEEE TR E 2V
R En Ty (K1), 4EL ZE TOEBRILL EIc oW THET 5,
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Dose rate estimation of the Tohoku hynobiid salamander, Hynobius lichenatus, in
Fukushima

1

S. FUMAL, S. IHARAZ?, I. KAWAGUCHI?*, T. ISHIKAWA?!, Y. WATANABE?, Y. KUBOTA?,
H. TAKAHASHI®, H. SOEDA?, S. YOSHIDA?
1 2 3
INational Institute of Radiological Sciences, 2Hokkaido University of Education Kushiro

Campus, 3Tokyo Nuclear Services Co., Ltd.

LDso
Hynobius LDs,
6 Gy
Hynobius lichenatus
2011 4 2013 4
ERICA Tool V-?

ERICA Tool

ERICA
Tool 1.6 wet g/cm?®
ERICA Tool
1

Bics  BiCs 590 140,000

Bg/wet kg <290 40,000 Bg/wet kg 310 220,000 Bg/wet kg
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<1.7 30Bg/L 510 220,000 Bg/dry kg 1,900 2,800,000 Bg/dry kg
130 320,000 Bg/dry kg

24 15 50 pGy/h A\V4

490 pGy/h
3)

4 400 paGy/h D

0.2 1 pGy/h

1) Brown et al., 2008. J. Environ. Radioact. 99, 1371-1383.

2) http://www.erica-tool.com/

3) Fuma et al., 2014. J. Environ. Radioact. 135, 84-92.

4) Garnier-Laplace et al., 2008. J. Environ. Radioact. 99, 1474-1483.

summary
The highest total dose rates from **!*’Cs to the terrestrial adults, aquatic larvae and embryos of Hynobius
lichenatus were estimated to be 50, 15 and 24 uGy h™, respectively, in the northern part of the Abukuma
Mountains. This suggests that ionising radiation will not affect the growth and survival of this salamander,
even in the most severely contaminated habitat. However, further studies are required to examine whether the
most severe radioactive contamination affects the sensitive endpoints. On the other hand, the total dose rates
were estimated to be 0.2 - 1 pGy h™ in Nakadori and Aizu districts, suggesting that radioactive contamination

is unlikely to have a significant impact on H. lichenatus in these districts.
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Estimation of absorbed radiation dose rates to wild rodents inhabiting a site
severely contaminated by the Fukushima Dai-ichi nuclear power plant accident

1

Y. KUBOTA?, H. TAKAHASHI?, Y. WATANABE?!, S. FUMA?, I. KAWAGUCHI*, M. AOKI3,

M. KUBOTA3, Y. FURUHATAZ, Y. SHIGEMURA?, F. YAMADA®, S. YOSHIDA?
2

'Fukushima Project Headquarters, National Institute of Radiological Sciences, “Tokyo Nuclear
Services Co., Ltd., *Japan Wildlife Research Center, “JAPAN NUS Co., Ltd., >Forestry and Forest

Products Research Institute

Absorbed radiation dose rates to wild rodents inhabiting a site severely contaminated by the Fukushima
Dai-ichi nuclear power plant accident were estimated. The average total absorbed dose rate was estimated to
be approximately 52 pGy h™ (1.2 mGy d™), even 3 years after the accident. This dose rate exceeds 0.1-1 mGy
d™ derived consideration reference level for Reference rat proposed by the International Commission on
Radiological Protection (ICRP).
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We investigated the effects of radiation on barn swallows, and quantify radiocesium concentrations in water
birds. In 2013, 9.9 % of frequency of partial albinism in swallows was detected in contaminated Fukushima

areas, and in 2014, 7.3 % of frequency of partial albinism was detected. On another front, 15.9% of frequency

of partial albinism was detected in Joetsu City which is non-contaminated area. Reason for the high frequency

of partial albinism in Joetsu City is uncertain. Regarding to the level of radiocesium in pectoral muscle and
liver of Great Cormorant and Gray Heron in Inawashiro town and Tanagura town were low.




