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ossil fuel (coal) includes natural
radionuclides, in particular 238U,
232Th, 226Ra, 40K, 210Pbh. Radio-
activity is concentrated while coal
burning. Emissions of smoke and
exhaust air bring solid particles and
aerosols in the environment, caus-
ing deposition on the land surface
over time. Cumulative deposition
on land surface corresponds to
long time operation impact. We
have focused our efforts on select-
ing of most suitable sites for sam-
pling of deposition and determi-
nate corresponding natural ra-
dionuclides. We had used forest
vertical profiles that include forest

litter (top layer) and two soil layers

OLIIHKA AETOHYBAHHS NMPUPOAHVX PALAIOHYKJIIAIB HA ITOBEPXHIO
FPYHTY B OKOJINLSIX TPUIMI/IbCbKOI TEC

By3uHHnii M., Muxaiinosa J1.

AY «IHcTuTyT rpomazacsbkoro 340poB’s iM. O.M. Mapseesa HAMH
YkpaiHnun», M. Knis

Merta gocnipxeHb. OLjiHKa BE/IMYYNHM BUNEAIHHS MPUPOAHVX PASIOHYKIIB
BHaC/AOK BUKUAIB MPOTSIrOM 4OBroCTPOKOBOI ekcrisiyarawii Tpunisibebkoi TEC.
Marepianun i meTogm gocnigxeHs. Tpurinbcbka TEC po3raioBaHa 3a 40 km
Ha nisaeHsb Big M. Kuesa. [ BUBHEHHSI BEMHYNHN PELI0AKTUBHNX BUNAEAIHb,
3YMOBJIEHUX Ais/IbHICTIO Tpurninbcbkoi TEC, 6ys10 06paHo Tpu AisiHK COCHOBO-
ronicy 3a 1,5 km, 1,8 km Ha niBHi4 Ta 3,0 KM Ha MiBHIYHWV 3axia-riBHi4 Bif CTaH-
Lyii, LLIO BIAMNOBIAaroTb NepeBaxatoyvm HarpsMkam BiTpy. ocaiakKysaHi nicoBi
rpogIisii MOBEPXHI BKIIKOHasM LLaP JTICOBOrO HACTWJ/Y Ta ABa L3PV rPYHTY 3aB-
TOBLLIKV 5 CM KOX€H. [1151 3abe3re4eHHsI CTaTCTU4HOI JOCTOBIPHOCTI pe3ysib-
TatiB Ha KOXHIV 3 AinsHoK 6ys10 BiniopaHo Big 5 A0 8 npoginis. L1711 MOPIBHSIHHS
Mu gocniamm JiicoBi MPogini 3a Mexamu BriimBY TEMI0EHEPIeTUYHIX 00 'EKTIB
no6sam3y c. SicHoropoaka BuLuropoackkoro parioHy, Ha BiacTaHi 6;13bko 60 kv
Ha niHiY Bin M. Knesa, abo rnoHaz 100 kM Bia cTaHLii. 3pa3ku 1icoBoro HacTuny
CriaJiroBasiv 0 KOMIMaKTHOI (pOpMU, a rpyHTU BUCYLLIYBAJIA Ha rOBITPI 32 KIMHAT-
HOI TeMrieparypv MPoTSIroM ABOX TVXKHIB 0 AOCSrHEHHS CTabiIbHOI Macy 3pas-
Ka. s BUMIpIOBaHHS1 BMICTY PaaiOHYKITiAIB BUKOPUCTOBYBa/IY raMMAa-CreKTPO-
MEeTpn4Hy cuctemy BUpobHuLITBa gipmmu ORTEC, sika MicTuTb 3 AETEKTOPU 3
0CO06/IMBO YYCTOro repMaHito Ta bararokaHasibHoro 6ygepa mozgeni 919.
Pe3ynbraTtu gocnigxeHb. Pe3ynibtatv BUMIPIOBaHb 1oka3asim, Lo
BeJ/INYNHA CepenHbOro CyKyrnHOro PiBHS OCaaXeHHs MPUPOLHUX PagioHyK-
J1iiB Ha MOBEPXHIO, 3YMOBJIEHUX LUTATHUMMW BUKuAamu Tpuninbcbkoi TEC,
Ha BiacTaHi 1,5-3 km ctaHoBuTs 34 +50; 37+ 73; 48+66; 447 +1216

Bk M2 151 226Ra, 232Th, 238U ta 40K. BinnoBiaHi MakcumasibHi 3Ha4YEeHHS
npuHariMHi yaBivi 6inbLui: 63+125; 84 +169; 103+180; 725 +2430 bk * M2
1151 226Ra, 232Th, 238 ta 40K. lMepeBaxaroda KinbKicTb (80-95%) akTus-
HOCTI paaioHyKiAiB AENOHOBaHa y BEPXHbOMY 5 CM Luapi rpyHTy, peLuta —
y niicoBomy HacTwii. lepeBaxHa 6inbLuicTe BucamkeHHs 219Pb — npupoa-
HOro NoOXoaXXeHHs, ae 55-95% Hanexarb 40 BEPXHbOIO LLUaPy rPyHTY.
BucHoBKkN. Pe3ynibTatoM LuTatHux BUkUaiB Tpuninscokoi TEC € 36ara4eHa
MPUPOAHUMY PAAIOHYKIIAAMU TOBEPXHS IPYHTY HaBKOJI0 CTaHLjI.
MakcumarsibHa KiZlbKiCTb 4erNOHOBaHUX PaiOHYKIIAIB 30CepesxeHa y
BEPXHBLOMY 5 CM Luapi rPyHTY, peLuta — y J1icOBOMY HacTui. JOCiaKeHHs
J1icoBuX Mpo@iniB rpyHTy y 30Hi BBy TEC aae iHgpopmauiio Lwoao iHter-
pasibHVX PIBHIB NPUPOLAHUX PafIOHYKIAIB, ENOHOBaHUX HA NMOBEPXHIO 3a
rniepioZ ii figsibHOCTI. [1719 OTpUMaHHS CTaTUCTUYHO 3BaXEHUX Pe3yJIbTaTiB
HeobxigHe AoCimKeHHs 5-8 npoginis.

Knio4yosi cnoBa: Tpuninbcbka TEC, BUKOMNHe NasiMBoO, BYriis, NPUPOA-
Hi pagioHyknign, pagioakTUBHI BUKUAN, PafioakTUBHE OCaL)KEHHS.
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OLIEHKA AENMOHNPOBAHWSA ECTECTBEHHbIX
PAOVOHYKJINAOB HA NMMOBEPXHOCTb M04BbI
B OKPECTHOCTSIX TPUMNOJIbCKOU TOC
By3biHHBIVI M., Muxavinosa Jl.

Y «MIHCTUTYT 061LIECTBEHHOIO 3/10P0BbS

umM. A.H. Mapseesa HAMH YkpauHbi», r. Kues

Llenb nccnepgoBanwnii. OLieHKka BE/INHYNHbI BbINaaeHusl
€CTeCTBEHHbIX PaNOHYK/INA0B, BbIOPOLLIEHHbIX B TeHe-
HMe [0/rocpoYHo akcriyaraumm Tpunosisckovi TOC.
Marepuanbl n MeToabl NCCIE[40BaAHNIA.

Tpunonsckas TOC pacrionoxeHa B 40 KM K tory oT

r. Knesa. [1ns nay4yeHusi BeJin4mvHbl PaamoakTUBHbIX
BbIrnaaeHuii, 00yCc/10BJI€HHbIX AeSITe/IbHOCTbIO
Tpunosnbckou TAC, 6bis10 BbIOPAHO TPY y4acTka COCHO-
Boro siecaB 1,5 kmu 1,8 km k ceBepy n 3,0 km ceBepo-
3anafHee — Ha CeBepe CTaHLMU, COOTBETCTBYOLLIME
npeobiaaaroLLmM Hanpas/ieHVsIM BeTpa. ViccnenoBaim
JIECHBIE MPODUIIN MOBEPXHOCTU: C/IOV JIECHOV NOA4-
CTWJIKU 1 BA CJ1051 [104BbI TOJILLMHOM 5 CM KaxXabiv. s
obecrieyeHns: CTaTMCTUYECKOV I0CTOBEPHOCTY Pe3y/ib-
TaTOB Ha KaXOM M3 y4acTKOB Obl/iv 0TOOpaHbl OT 5 40
8 npogpuneri. [151s cpaBHEHWS Mbl MCC/IE€40BasInN JIECHbIE
npogun 3a npeaenamm BNSHNS SHEPreTUHeCcKnx
006BLEKTOB Herloaaneky c. SicHoropoaka Beilropoa-
CKOro parioHa, Ha paccTosiHuy 0kos10 60 KM K ceBepy OT
r. Knea, nnn 6onee 100 km ot ctaHumn. O6pasLbl nec-
HOU NOACTUIIKN CKXNram 40 KOMakTHOM popMbl, a
OYBbI BbICYLLINBAJIN HA BO3AYXE Py KOMHATHOV TeM-
neparype B Te4eHne ABYX Heae b 0 AOCTUXXEHUS CTa-
6usibHOV Macchkl ob6pasua. 1 aMmepeHvsi coaepxa-
HUST PaANOHYKINAOB UCM0J1Ib30BasIN raMMa-CrieKTpo-
MeTpu4eckyto cuctemy nponssonctaa pupmsl ORTEC,

o

KoTOpasi BK/o4aeT 3 AeTtekropa n3 ocobo Y1CTOro rep-
MaHWsi U MHOrokaHaJsibHoro 6ygepa moaesn 919.
Pe3ynbratbl nccnenoBaHnn. Pe3ynibtarbl UISMEPEHUI
rokasa’siv, 4To BeJIMYNHa COBOKYIMHOIO OCaXAEeHUS rpu-
POAHbLIX PAAVNOHYKIIVAOB HA MOBEPXHOCTb, 0OYC/IOBIIEH-
HbIX LUTATHLIMY BbiOpocamu Tpurosbckori TAC, Ha pac-
crosiHum 1,5-3 km coctasnsieT B cpeaHem 34 <60; 37 +
73; 48+66; 447+1216 Bk * M2 g5 226Ra, 232Th, 238U n
40K, MakcumasibHbIe COOTBETCTBYIOLLME 3HAYEHMS 10
KkpariHeri mepe BaBoe Bbille: 63 +125; 84+169; 103+
180; 725+2430 Bk * M2 151 226Ra, 232Th, 238U 1 40K,
lNpeobnapgaroyee konmyectso (80-95%) akTBHOCTYU
PanvoHyKIMA0B AENOHNPOBAHO B BEPXHEM 5 CM C/l0e
r104Bbl, OCTaJIbHbIE — B JIECHOM MOACTUIIKE.
Monasnsiouee 60bLLMHCTBO ocaxaeHus — 210Pb
COCTaBSIET KOMIMOHEHTA MPUPOLAHOIO MPOUNCXOXAEHUS,
rae 55-95% npuHagnexuT BepxHeMy CJ10t0 MoYBbI.
BbiBOAbI. Pe3yibTatoM LUTaTHbIX BbIOPOCOB
Tpurnonsckori TOC ecTb oboraLleHue rnoBePXHOCTU
104Bbl ECTECTBEHHbIMW PEANOHYKIAAMU B OKPECTHO-
ctax. MakcvimasibHoe Kom4yecTBo AernoHMPOBaHHbIX
PaavoHYKINOB COCPEAOTOHEHO B BEPXHEM 5 CM cioe
r04Bbl, OCTa/IbHbIE — B JIECHOU MOACTUJIKE.
UccnenoBaHme neCHbIX MpopuIer no4Ysbl B 30HE BJINSI-
Hus TOC aaet uHpopmMaLmio 06 YPOBHSIX ECTECTBEHHbIX
PaaVoOHYKINAOB, AENOHUPOBAHHbIX HA MOBEPXHOCTb 32
nepvoa ee aesiTesbHoCTy. [si Noy4eHns: cTatncTuye-
CKV B3BELLIEHHbIX PE3Y/IbTaTOB HEOOXOANMO UCC/IEN0-
BaHue 5-8 npoguneri.

Kmoyesbie cnoBa: Tpunonsckasa T3C, nckonaemoe
TOMJINBO, YroJib, NPUPOLAHbIE PAaAUOHYKIINAbLI, PaANO-
aKTUBHbIE BbIOPOCHI, PaauoaKTUBHOE OCaXKAEHUE.

of 5 cm each underneath. Such an
approach, we had used once
studying of the spatial distribution
of the radioactive graphite wide-
spread in the environment because
of Chornobyl nuclear disaster [1].

Trypilska power plant is located
in Ukrainka town situated40 km
South direction to Kiey, it is under
operation since 1969 with annual
production 1.8 GWt(e) [2]. We had
selected sampling sites among
area of pine forest on territory of
Ukrainka town and nearby (situat-
ed about 1.5 km and 1.8 km N
direction and other, 3 km NNW
direction), see Figure 1. For com-
parison, as the background, we
had studied profile samples col-
lected on pine forest area near the
village Yasnohorodka of Vyshhorod
district, situated about 60 km
North to Kiev or about 100 km to
Trypilska Power station. To per-
form statistically weighted study
for each site we analyze samples
of five to eight profiles (the dis-
tance between the nearby profiles
sampling sites was 20-50 m).

To study of natural radionuclides
fallout caused by the releases of
thermal power plant it is necessary
to measure the integrated opera-
tion trace deposited during of long
time. The fate of the land surface
layers in the open areas like gar-
den, field, meadow cannot be pre-
dicted for years due to digging and
turning the top layer. We had

selected the area of the land sur-
face among of pine forest, where,
we hope, the top layer is intact.

To assess the amount of inte-
grally deposited radionuclides to
the land surface we had used an
approach, that is often used in
studies of forest ecosystems,
namely investigated forest sur-
face profile components: forest
litter (top layer), and two layers of
soil underneath, 5 cm each [1].

METHODS. We had collected
samples of the forest litter with land
area of 0.25 m2 (50x50 cm) for
each profile. Then, within this area,
where forest litter was removed,
soil samples were taken: two layers
of soil one under the other, 5 cm
thick and measuring 15x25 cm, i.e.
corresponding recesses 0-5 cm
and 5-10 cm from the surface. We
had dried soil samples for constant
weight. As far as forest litter is the
top layer, reach of organic matter it
has low density. We had ashed
samples of forest litter to pre-con-
centrate material, and comparing
excessive radioactivity of mineral
components (ash) with soil (sam-
ples of similar density).

We had measured sample
radioactivity by gamma spec-
troscopy system based on equip-
ment of ORTEC Inc.: MCB mod.
919, and HPG detectors: mod.
GEM-40220 and mod. 50250
GEM, each placed in stainless
steel shield of 20 cm wide. We had
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used Amersham CO-570 source
for calibration. 210Pb measure-
ments were carried using HPG
detector of GLP-36360/13planar
type connected to the same MCB
mod. 919. We had tested quality
of the measurements obtained by
this system participation of IAEA
intercomparison tests since 1990
[4]. Recent intercomparison test
samples [5] were used as for
crosscheck of our measurements
of natural radionuclides.
RESULTS AND DISCUSSION.
Data on natural radionuclide con-
centration (one forest soil profile
per site) had being presented in
table 1, i.e. only 4 profiles of total
26. Thus, we label LO — forest litter
(ash), L1- top layer soil, L2 — bot-
tom layer of soil. As it was estab-
Figure 1
Sampling scheme for
Trypilska Power Plant
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lished, radionuclide concentra-
tions between the same layers of
soil of individual profiles differ sig-
nificantly. Two component of
210Pb (natural deposition generat-
ed in atmosphere origin and
Trypilska Power Station releases)
and variation of individual mass of
forest litter layer sample between
sites cause significant variation of
210Pp specific activity.

Activity concentration of soil
samples (average, standard devia-
tion and median) for each studied
site were present in table 2. On this

o

base, we had calculated the activi-
ty ratio of the natural radionuclides
in soil of two layers (layer 1 to the
layer 2). Mean values are given in
table 3 and on figure 2. According
to this data, the average specific
activity of natural radionuclides in
the top layer of soil of background
site (Yasnohorodka) is the same (as
for 226Ra and 238U) or lower (12%
for 232Th and 8% for 40K) compar-
ing to the lower layer, and several
times higher for 210Pb. It is quite
consistent with the results of com-
prehensive research of forest soll

Table 1

Radionuclide activity concentration in soil profile (Bq/kg),
one profile per site

Site Point | Layer | 210Pb | 226Ra | 232Th | 238U | 40K | Ms
T1 LO 795 8,7 7,4 9,8 120 | 0,12
TSZZ‘&%?S‘&%? T1 | L1 |289] 57 | 57 | 62| 96 | 1,30
T1 L2 9,5 5,9 57 5,9 105 | 1,30
T LO |[2630| 68,6 | 41,3 | 68,2 | 804 | 0,012
Ukrainka 1 T L1 24,8 | 6,1 6,8 71 134 | 0,976
T1 L2 13,9 | 4,6 5,6 5,6 105 | 1,285
u22 LO 80 8,6 7,5 8,5 142 | 0,10
Ukrainka 2 u22 L1 241 | 4,9 5,3 4.5 135 | 1,00
u22 L2 129 | 4,8 5,1 4,3 119 | 1,30
T1 LO 620 | 27,5 | 20,6 | 25,2 | 412 | 0,057
Ukrainka 3 T1 L1 118 8,9 9,3 9,8 155 | 0,527
T1 L2 293 | 7,2 8,1 7,1 159 | 1,021

profiles [3], which gave us certain-
ty in applicability of our approach.
For future calculation of deposited
activity, we had used individual
data for each sample: activity con-
centration and total material
amount in corresponding layer.

Estimation of 226Ra, 232Th, 238U
and 49K deposition.

To assess activity of natural
radionuclides deposited on the
land surface we considered the
following components: radioactiv-
ity deposited in the forest litter,
and the radioactivity deposited in
the top layer of soil. At the first
component, for ash of forest litter
(A1) — we calculate deposited
activity as corresponding to the
difference between activity con-
centration of ash and one of cor-
responding bottom soil layer (5-
10 cm). At second, we calculate
deposited activity for upper soil
layer (S1) as the excess of specif-
ic activity components. Thus, it is
the excess above 100% of the
specific activity of the second
layer for 226Ra and 238U, when it is
excess above 88% of specific
activity for 232Th in second layer
and 92% - for 40K respectively, i.e.
we consider all this in terms of
background site, see table 3. We
had calculated deposition level for
each site using excess and total

Table 2

Radioactivity concentration (Bq/kg) in soil layers for each site, N — number of profiles examined

Site N 210pp | 226Rg | 232Th | 238y | 40K 210pp | 226Rg | 232Th | 238y | 40K
Average Top layer of soil (Layer 1) Bottom layer of soil (Layer 2)
Background 8 40 5,6 4.8 5,9 89 19 5,7 5,4 6,0 97
Ukrainka 1 5 43 6,9 7,4 7,4 145 20 5,5 6,1 5,4 131
Ukrainka 2 7 44 7,5 8,2 8,1 173 27 6,1 6,8 5,9 148
Ukrainka 3 6 83 8,7 8,8 10,1 164 30 7,1 7,5 7,5 157
STD
Background 8 10 0,7 1,3 0,7 10 6 0,7 0,6 0,8 10
Ukrainka 1 5 28 1,8 1,8 2,4 15 9 1,8 2,1 1,7 25
Ukrainka 2 7 27 3,1 3,8 5,9 55 16 2,2 2,8 2,9 54
Ukrainka 3 6 18 0,7 1,9 1,9 12 11 1,3 1,4 1,2 22
Median
Background 8 43 5,8 49 5,9 87 20 5,8 5,4 59 95
Ukrainka 1 5 29 6,1 6,8 71 142 18 4,7 53 4,7 127
Ukrainka 2 7 36 6,6 6,7 6,3 150 21 57 6,0 5,0 135
Ukrainka 3 6 83 8,9 8,7 10 163 29 6,4 6,9 71 159

Table 3

Average specific activity ratio of soil layer 1 to soil layer 2
among sites

Site N 210pp 226Rg 232Th 238y 40K
Background | 8 | 2,5+0,8 |1,00+0,14|0,88+0,22|1,00+0,15|0,92+0,09
Ukrainka 1 5| 2,5+0,9 |1,31+0,32|1,26+0,31|1,41+0,41|1,12+0,12
Ukrainka 2 7| 2,2£0,9 |1,21+0,24|1,20+0,26|1,34+0,48|1,19+0,24
Ukrainka 3 6| 3,4+2,1 |1,35+0,32(1,29+0,39|1,37+£0,32|1,10+0,15

mass of one square meter of cor-
responding layer, see data
enclosed in table 4. According to
this data, 80-95% deposited
activity belongs to upper soil layer.

Estimation of 210Pb deposition.
We consider 210Pb deposition data
separately, as natural component
of it is several times higher in upper
soil layer, and it is exceeding 226Ra

NQ 3 2017 E“'IIND“IIL\“I‘ & “IL\III‘II 62
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level even in layer 2 of soil. We cal-
culate 219Pb excess the same way
as other radionuclides (226Ra and
238U) i.e. above bottom soil layer.
And, we enclose those data of
210Pp excess averaged per site for
surface soil and forest litter layers

o

into table 5. Thus, the cumulative
average values differ from each
other negligibly including site used
as background. This indicates a
predominance of the natural com-
ponent of lead deposition.
Conclusion

Figure 2
Averaged activity ratio for soil layer 1 and layer 2 for different
sites
1,5
14 Activity ratio (L1/L2) - [ Ra-226 [z Th-232
1,3 — | .
1,2 mtee -
1,1 ] —
1,0 —
0,9
0,8
0,7
’ B_ackgr_(;und Ukrainka 1 Ukrainka 2 Ukrainka 3
Table 4
Estimation of natural radionuclides (Bq/m2) deposited
on ground surface near Trypilska power station
Site 226Rg 232Th | 238 | 40K
Estimate
Top soil layer
Ukrainka 1 41+28 62+38 56+33 735+285
Ukrainka 2 37+38 67+45 54+39 1154+841
Ukrainka 3 28+18 33+24 43+36 392+244
Forest litter
Ukrainka 1 7,8%5,8 5,8+3,6 9,4+8,2 92461
Ukrainka 2 8,7%x7,0 6,1+4,7 6,3+4,2 62+36
Ukrainka 3 6,0+2,6 3,7¥1,5 5,2+2.3 5514
Maximum
Top soil layer
Ukrainka 1 80 112 106 999
Ukrainka 2 104 155 170 2325
Ukrainka 3 54 79 95 663
Forest litter
Ukrainka 1 13 10 21 160
Ukrainka 2 20 14 9,8 102
Ukrainka 3 9,0 5,6 7,9 71
Table 5

Estimation of excess of total 210Pb deposition in upper layer
of soil and forest litter over bottom layer of soil (Bq/m2)
near Trypilska power station

Site Upper soil Forest litter Total
Background 685+243 276x87 957+301
Ukrainka 1 688+402 137+79 851+458
Ukrainka 2 622+346 116£127 837+476
Ukrainka 3 838+406 214+78 1052+432
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Our approach shows applicability
using of the vertical forest soil pro-
files for assessing of the land sur-
face deposition level of natural
radionuclides (226Ra, 232Th, 238U,
40K) caused bylong-term emissions
during of operation of power station.

Studying of soil profiles of forest
situated at considerable distance
from artificial sources of natural
radionuclides emissions shows
radionuclide background levels and
corresponding radionuclide distribu-
tion between ground surface layers
applicable for calculation of excess.

Statistical approach used for
sampling and testing samples for
the examined and for the back-
ground areas gives estimation of
level and uncertainty for each
radionuclide of interest.

We estimate cumulative deposi-
tion level of natural radionuclides
caused by operation of the
Trypilska power station, for areas
situated at distance from the
source to 1.5-3 km as for 226Ra —
34+50, 232Th — 37+73, 238U - 48+
66, 40K — 447+1216 Bg-m2, when
corresponding maximum values
are ranged of 226Ra — 63 +125,
232Th — 84+169, 238U — 103+180;
40K — 725 + 2430 Bg-m=.

It is seeing that 80-95% of
deposited activity of 226Ra, 232Th,
2381 and 40K belong to upper 5cm
soil layer, when residual corre-
sponds to forest litter.

210Pp deposition shows that
prevailing fraction is component
of natural deposition, where 55-
95% belongs to upper soil layer.
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