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Annotation.We review the questions of redistribution of **’Cs in trophic
chain, based on the study of radioactivity of insects-herpetobions exoskeletons,
sampled in Drevlanskiy Natural Reservation (the density of radioactive
contamination is above 555 kBg/m?). To simplify the model, only obligatory
phytophagous, zoophagous and necrophagous were used. Calculated
accumulation coefficients (Tg) for each unit of chain give an ability to define
theunit with the maximal accumulation of radioactive element - secondary
consumers (zoophagous), where T is 6 time higher than in other units which
proves known standard trend.

However, draws attention the fact that TF for insects-predators is almost 3
times higher than for the predators from other taxonomical groups. Comparison
of measured accumulation coefficients of insects-herpetobions to already
published data allows us to make an assumption about the domination of insects
in biogenic transformation of radionuclides, at least in forest ecosystems. This
domination can be based on the higher biomass and density of population of
invertebrates from one side and on the high level of radioactive contamination of
these animals.

Keywords: insects-herpetobions, radionuclides, **'Cs, trophic chain,
accumulation coefficient, primary and secondary consumers

Even since the 30 years after the Chornobyl accident, the problem of
presence of radioactive compounds in animal and human habitants is still actual.
Post-accident high-scale studies of the impact of radioactive contamination on
the flora and fauna of whole regions gave an opportunity to estimate
radiobiological and radioecological effect on the plant and animal communities.
The features of accumulation and redistribution of radionuclides in the
animalswhose lifecycle is strongly connected to the soil surface is the important
point of these studies.

Soil surface is the main source of radionuclides in terrestrial trophic chains.
Radioactive compounds fall onto the soil surface, accumulate in the soil and after
get included into biochemical cycles and became part of soil composition. Soil is
the most important inertial chain and allover speed of migration of radionuclides
through trophic chains is strongly dependent on the speed of radionuclides
movement inside the soil. As the result of relocation in soil and subsequent
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sorption through the roots radioactive agents get into the parts of plants that have
nutritional value or used as fodder [11].

On the assumption of biochemical cycle of elements in the landscape [1],
migration of the majority of chemical compounds in the elemental landscape is a
cycle, where elements repeatedly participate the composition of living organism
(“organization”) and leave it (“mineralization”) [2; 3]. Such cycles are different in
the time for each compound and each landscape; the cycles can never be
inversed and landscape never goes to its previous state but can only be evolved
with obtaining of some new properties. Development of landscape mainly
emerges as the system of such cycles, and the soil, as the main consumer of
primary and secondary production of biocenosis production, has the main role in
it.

As it is known from the works of Hyliarov [4; 5], Zonn[6] and others,
terrestrial and soil fauna have strong direct and indirect (through litter) impact on
the cycle of matter. Solil invertebrates is an important factor of soil genesis and
increasing of the quality of soil, and by so — the main element in the chain of
biochemical relations [2; 7]. It can be concluded from the studies of Kryvolutskyi
[8] and Pokarzhevskyi [9] that the role of soil animals in the accumulation and
migration of chemical elements is significant. The long-term study of the role of
different groups of litter mezofauna in the cycle of the mater in the conditions of
the short-hawn oak forests and arena oak forests of steppe zone of Ukraine [10]
can be used as an example. It was shown that the main participant to the
process of the litter decomposition are Diplopoda, Siphidae,Scarabaeidae,
Oniscidea, caterpillars of Noctuidae, Diptera larvae and Gastropoda in the short-
hawn oak forest and Julida, Coleoptera, and Diptera in arena oak forests.

Invertebrates that live in the upper soil horizon — litter, from one side, are
strongly linked to the plants, that, as well as animals, accumulate contaminants
(including radioactive onea)and are the objects of feeding interest for the
phytophagous. From the other side, these invertebrates are strongly linked to the
litter which has barrier-function on the way of contaminants to enter the soil. Hence,
the litter became not only the matrix for living of animals, but the object of
destructive impact on saprophagous as well [13].

Thus, all vital processes in the population of animals of upper soil horizon
come about the context of changing of chemical composition of their environment.
Macro- and micro elements get to the body of animals and accumulate there in the
process of feeding. Thereby, the features of accumulation of pollutants in
invertebrates has an interest not only in the taxonomic, but on the trophic level as
well. Redistribution of contaminants in case of radioactive contamination of any
ecosystem elementhappen due to its (compound) active participation to the
biogenic and abiogenic cycles of matter. The biogenic cycle is the most important,
since radioactive compound actively include itself to the processes of exchange that
have place in the living beings [15; 16].

Entrance of radionuclides in to the animal organisms depends on the
ecology of different species and their feeding preferences and distribution at
biocenosis, as well as on the chemical and physical properties of radionuclides
[17]. For some groups of animals with the same feeding preferences the same
trends in concentration of radionuclides while they migrate through trophic chain
are observed.



Such the features can explain why the majority of publications that deal with
the biogenic transformation of radionuclides in trophic chains devoted to the study of
accumulation of radioactive isotopes in the chains that finally leads to the human or
in the trophic chains of vertebrates which have specific feeding specialization [18-
21]. Trophic specialization of the majority of insects are not studied so deeply yet.
Segregation of insects according to their feeding character on to trophic groups
more or less relative since the degree of this specificity is differ from species to
species; for example, some insect species might be zoophagous, phytophagous,
saprophagous and necrophages at the same time [23].

The goal of this work is the study of the redistribution of **’Cs in the trophic
chain of insects-herpetobions: plants — phytophagous - zoophagous -
necrophagous. It is obvious that such a simplified model is not able to represent
all details of redistribution of radionuclides, but it allows to take into consideration
some features of trophic links of herpetobions. The next objects were chosen for
the study: Zabrus tenebrioides Goeseas the obligatory phytophagous, Calosoma
sycophanta as the obligatory zoophagous, Nicrophorus vespillo as a
necrophagous. All chosen modeling species has short lifecycle which strongly
simplify the interpretation of obtained data.

Material and methods. Material for the study has been taken in the
Drevlanskiy Natural Reservation by using Berber’s traps, in the pine forest 60+
years old with the density of soil contamination by **’Cs was above 555 kBg/m®.
Radioactivity of exoskeletons of collected insects has been defined by using
gamma — ray spectrometer with Ge(Li) semi conductive detector of GEM-30185,
GMX series (EG&G ORTEC) and multichannel analyzer (ADAM-300, USA, IN-
1200, France) in measuring reservoirs “Denta” fabricated in the shape of a
frustum 3.3 cm high and with the diameters of base 6.3 and 7.3 cm respectively
in the Institute of Agricultural Radiology of NULES of Ukraine.

The coefficient of accumulation of radionuclides in each unit of the trophic
chain has been defined by using common-known formula: the ration of the
specific activity of the linker-acceptor to the donor unit.

Results and discussion. The simplified trophic chain started from the
wild-growing cereals was used to perform the study (Fig. 1)

Plant Insect - Insect - Insect -
phytophag zoophagous necrophago

Fig.1. Simplified model of trophic chain

Such a simplified model allows to take into account redistribution of
radionuclide by representatives of each ecological group, starting from the
primary consumers and until the decomposers. Activity of the first unit (plant) has
been considered as 1.

As it was predicted, radioactivity of each unit of trophic chain has not
shown any significant deviation from the general trend — thesecondary
consumers (zoophagous) has the highest value (Tab. 1).

1. Radioactivity of units of trophic chain



Trophic level Radioactivity (Bg/kg)

Herbivore 1327 £ 240
Primary consumer (Zabrus tenebrioides Goese) 520 £ 104
Secondary consumer (Calosoma sycophanta) 3283 + 33
Necrophagous (Nicrophorus vespillo) 525 + 92

As it was already shown, the main parameter that characterizes degree of
biogenic redistribution between the units of trophic chain is the transfer factor
(Tg). Computation showi that on the stage of migration “plant — primary
consumer” significant decreasing of Tg is clearly traced, what is in agreement
with the data from literature [24-26] — the decreasing of the concentration of
radionuclide in the first stage of trophic chain.

Totally different situation appears in the second unit — “phytophagous —
zoophagous” (Tab. 2). Tk in this unit is 16 times higher, what has never been
reported before for any studied group of animals.

2. Transfer factor in the units of trophic chains

Trophic level Tk
Herbivore -
Primary consumer (Zabrus tenebrioides Goese) 0.39
Secondary consumer (Calosoma sycophanta) 6.31
Necrophagous (Nicrophorus vespillo) 0.16

It might be likely explained by the specificity of lifestyle of selected species,
that is characterized by high mobility and aggressivity, short lifecycle and feeding
features of larva, which is obligatory zoophagous [27].

Third unit of trophic chain — necrophagous has, compare to zoophagous,
much lower coefficient of accumulation. However, since the trophic specialization
of Nicrophorus vespillo tends to include the consumption of vertebrate animals,
the result is not in disagreement with the data obtained before.

Another point of interest is the data about the second trophic unit —
secondary consumers. Comparison of Tg for zoophagous of different systematic
groups (Tab. 3) allows to say that among all zoophagous the insects have the
highest coefficient of accumulation of **’Cs, which probably can be explained

though the specificity of ecology of these animals.
3. Transfer factor for different groups of zoophagous

Secondary consumers Tk
Insecta (Calosoma sycophanta) 6.31
Reptilia [21, 25, 26] 34,25
Mammalia [21, 25, 26] 1.3
Aves [21, 25, 26] 0.53

The results of the study proved known trend of concentration of **’Cs in the
second unit of trophic chain. However, it needs to be noticed that such high values
of T (two times higher) that were observed for insects-predators allows us to make
an assumption about dominating position of insects in the biogenic transformation of



radionuclides, at least in forest ecosystems. This assumption is based on the high
biomass and density of invertebrates compare to vertebrates on the one side and
high level of contamination of invertebrates on another.

As it was mentioned before, the exoskeletons with the removed soft
tissues were used for the study, thus only contamination of chitinous cover was
analyzed.Comparison of this data with the radioactivity of whole body of animals,
sampled in the same biocenosis allows to assume that the coefficients of
accumulation can be significantly higher for other units of trophic chain. The
basis for this assumption is the comparison of radioactivity of phytophagous
Zabrus tenebrioides exoskeletons (520+104 Bg/kg) and radioactivity of
Melolontha melolontha (1500+14 Bqg/kg), which is approximately 3 times higher
for the second species.Additionally, it indirectly proves an assumption about the
leading role of invertebrates and particularly insects in the trophic transformation
of radionuclides in natural ecosystems.
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NEPEPO3NOAIN ¥*'CS B TPO®IYHOMY NAHLIOIY KOMAX-
FrEPMETOBIOHTIB

B. NanyeHko, [1. MoHOLWUH

AHomauis. Ha npuknadi eus4yeHHs1 rnumomoi  padioakmusHocmi
eK3ockeriemie  Komax-eepriemobioHmos, gidnoeneHux 'y  [peersiHCbKoMy
3aroeiOHUKy (WinbHicmb 3abpyOHeHHs noHad 555 kBk / M?) posansdaomscs
numadHs nepepo3anodiny 137Cs 8 mpoghiyHOMY raHuro2y nacosuuwHo20 murly.
Lna nobydosu cripoweHoi modesnii mpoghiHHO20 flaHUr2a 8uKopucmosyeasnucs
obniiczamHi ¢imoghaz, xuxak | Oempumogpae. Po3paxoeaHi KoeghiuieHmMu
Hakonu4eHHs (KH) Onsi okpemux naHOK naHuro2a darome MOXIUg8icmbe eusgumu
JlaHKy 3 MaKcuMalrlbHUM HaKOMU4YeHHsIM paldioHyKnida - KoHcymeHmu Il nopsiOKy
(300cpacu) - 6 sikil KH y 6 pasige suwe, HX 8 IHWUX f1aHKax, wo nidmeepoxye
g8i0OMy 3aKOHOMIpHicmb. Pasom 3 mum, 38epmae Ha cebe ygsazy 6UCOKUU
KoegbiuieHM HaKOMU4YeHHs y XUXXUX KoMax, KUl malxe empudi suwud, Hix 0ns
8iI0OMUX  XU)XaKie pI3HO20 cucmemMamu4yHo20 [OJIOXKEHHSA 3  Ha3eMHUX
ekocucmem. [posedeHe nMopieHSIHHA KoegiyieHmie HaKkornu4YeHHss 8 mpogiyHOMYy
nlaHyroey Komax-zepriemobioHmoe 3 nimepamypHuUMu OaHuUMu O03807IsiE



gucriogeumu obrpyHmosaHe rnpurnyueHHs rnpo OOMIHytO4Ye MOSTIOXEHHS KOMax 8
bioceHHIU mpaHcghopmauii padioHyknida, xo4yab & Jlicosux eKocucmemax.
[Nidcmaeoro 0nsi yboz2o, 3 00HO20 60Ky, € binbwa HiXX y XxpebemHux meapuH
biomaca i winbHicme 6e3xpebemHux 8 HazeMHUX UeHo3ax, a 3 iHWo20 — 3Ha4yHe
padioakmugHe 3abpyOHeHHS Uyux meapuH.

Knr4oei cnoea: komaxu-eepnemobioHmu, padioHykniou, 137Cs,
mpogbivHi naHyroau, koeiyieHm Hakonu4eHHs1, KOHcymeHmu I, Il nopsioky.

NEPEPACMNPEAENEHUE *'CS B TPO®UYECKON LIEENMWN HACEKOMbIX-
FrEPNETOBUOHTOB

B. NanyeHko, [1. MOHOLWUH

AHHOmMauyusi. Ha ocHosaHuu u3y4yeHusi ydenbHol paduoakmueHoCmu
3K30CKes1emo8 HaceKOMbIX-2epriemobuoHmos, omrsoesieHHbIX 8 []peerissHCKOM
3arnosedHuUKe (nnomHocmpb 3a2psA3HeHust cebie 555 KBK/M?)
paccmampusaromcsi 8onpocsi nepepacnpedeneHus >'Cs e mpoghuyeckoli yenu
nacmbéuwHo2o0 muna. [ns nocmpoeHus yrnpoweHHou modesnu mpoguyeckol
uernu ucrnonib3osasnucb obnueamHble umoghae, XUWHUK U dempumoghae.
PaccyumatHble koahpuyueHmsl HakonneHusi (Ky) O0nsi omoOersibHbIX 38eHbes
uernu dOarom 803MOXHOCMb 8bISS8UMb 38€HO C MakcuMarsibHbIM HaKornieHuUem
paduoHyknuda — KoHcymeHmbI Il nopsiOka (3oo¢hacu) — 6 komopom Ky e 6 pa3
gbllue, 4YeM 8 Opyeux 38€HbsIX, 4Ymo rodmeepxodaem U3BECMHYIO
3aKoHoMepHocmb. Bmecme ¢ mem, obpawaem Ha cebs eHUMaHuUe B8bICOKUU
KoaghhuyueHm HaKoMeHUs y XUWHbIX HaceKoMbIX, KOmopkIU noYymu 6 mpu
pasa ebile U38eCmHbIX Ors XUWHUKO8 pasfiudHo20 cucmemMamuyecKoz2o
MOSIOKEHUSI U3  Hal3eMHbIX  3KOCUCMEM. [lposedeHHOe  cpasHeHue
KoaghghuyueHmo8  HakoriyieHuss 8  mpogbudeckolu  uernu - HaceKkoMbIX-
eeprnemobuoHmo8 ¢ numepamypHbIMU OaHHbIM [10380/15€M  8biCKa3amb
0b60CHOBaHHOE pPedrnofioXeHUe 0 OOMUHUPYIOWEM [O/I0XKEHUU HaceKoMbIX 8
buoceHHoU mpaHcgopmayuu paduoHyknuda, Mo kKpauHel Mepe, 8 J1eCHbIX
akocucmemax. OcHoeaHuem Ofid 3mMo20 £ersemcsi, € OOHOU CMOPOHHI,
60nbwas, 4YemM 'y [O3B0HOYHbLIX XUBOMHbIX 6GuOMacca U MJIOMHOCMb
6€eCro38OHOYHbIX 8 Hal3eMHbIX UeHo3ax, a C Opyaol — 3Ha4yumersibHoe
paduoakmueHoe 3a2psA3HEHUE 3MUX XUBOMHbIX.

Knr4eeblie crioea:HaceKoMbie-2eprnemobuoHmsbl, pPaOUOHYKIUObI,
137cs, mpoghuyeckue yenu, KoaghgpuyueHm HaKonsneHusi, KoHcymeHmsli I, Il
nopsioka.



