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_ Emission source identification through caesium 1 Table. 137Cs and Pu isotopes in undisturbed meadow and forest soils
Introduction ——— — :
and plutonium isotopic information /
: T4 : : Y o : Specific activity, Bq/kg Activity ratio Isotopic ratio Activity ratio
Isotopic composition analysis allows the identification of Plutonium isotope activity concentrations ranged from 0.01 | sampleno.  Location, sample type
an artificial source of radionuclides. w7cs 5py w5.2t0p, 235y 23920y Mopy By Ry
Bg kgt to 0.25 Bq kg! 2%8Pu and from 0.05 Bq kg to 1.80 |
- Forest soi
Bqg kgl 239240Py in meadow and forest soil samples.The 1 Lieponys 23.0+1.8 0.010+0.002 0.45£0.04 0.02+0.04 0.195+0.012 51.1
2 Prienai 12.5¢1.0  0.012+0.002 0.48+0.05 0.03+0.04 0.187+0.016 26.0
238P(1/239,240 ivi i 240Py1/239
calculated Pu/ Pu activity ratios and Pu/2**Pu 3 Skriaudupis 148.8+11.8  0.250£0.018 1.40£0.03 0.1840.03 0.2430.002 106.3
atomic ratios are 0.02-0.30 and 0.18-0. 26’ res pectively. 4 Kapciamiestis 58.6+3.1 0.050+0.007 0.74+0.04 0.07+0.04 0.212+0.010 79.2
e S . L. 5 Kapciamiestis (co-méginys)  89.9+5.5 0.073+0.020 1.00£0.08 0.07+0.08 0.204+0.007 89.9
S s Relatively lower 0.38-0.05 Bqg kg?! 23%Pu activity —
o - 6 Druskininkai 33.1£2.6 0.036+0.008 0.63+0.04 0.06+0.04 0.190+0.005 52.5
1 Fig. Fallout in Northern hemisphere 2 Fig. Chernobyl NPP accident (1986) concentration and 0.07-0.53 Bq kg‘l 239,240pP activity 7 LateZeris 81.06.5 0.070+0.006 1.30£0.04 0.050.04 0.187+0.004 84.0
8 LateZeris (5-10 cm gylyje) ~ 36.1#2.9 0.020+0.002 0.43+0.04 0.05+0.04 0.193+0.008 84.0
240 239 - 240Py/239Pu = 0.403 + 0. 1 . . . . .
Pu/~*Pu = 0.180 + 0.007(10) W**Pu = 0.403 + 0.003(10) concentration were measured in meadow soil, while high 9 Latezeris (co-meéginys)  44.043.5  0.080+0.007 1.80+0.03 0.04+0.03 0.192+0.003 24.4
(Kelley et al., 1999) (Muramatsu et al., 2000) ( |
. : : : 10 LateZeris (co-méginys 2)  210.6+16.8  0.018+0.002 0.1240.02 0.15+0.02 0.221+0.027 1755.0
238 /239+240p|| = 238 /239+240p|| = activity concentration was found in forest soils. 0.05 - 0.09
Pu{ .Pu =0.04+0.01 Pu/ _ _Pu =0.51+0.03 11 Marcinkonys 66.7+3.5 0.023+0.002 0.50+0.03 0.05+0.03 0.199+0.012 133.4
(M|etelslk|7and2Wz;, 1995) (Remeikis et al, 1995) Bg kgt 238Pu and 0.74 - 1.80 Bqg kgl 239240pu. 238py/ 12 Varéna 79.8t64  0.030£0.003 1.000.08 0.03:0.08 0.184+0.004 79.8
37Cs/239.240py activity ratio for the global fallout is 28 + 3 . _ _ _ 13 Dievenitkes 24.4+12  0.008+0.005 0.16£0.02 0.05£0.02 0.204+0.030 152.5
(for the 2021 year) 239.240Py activity and 24°Pu/?*%Pu atomic ratios did not show o .
14 Dieveniskés (co-méginys) 250.0+20.0 0.085+0.008 1.80+0.04 0.05+0.04 0.189+0.003 138.9
The qoal is to determine radionuclide local significant difference in meadow and forest soil samples. 21L-2 lgnalinos AE pusiasalyje ~ 6.66£0.3  0.006:0.002 0.21£0.02 0.03+0.02 0.188+0.029 317
Contamlnatlon source VS. |Oba| Contamlnatlon throu h . 38 239 240 L . SIL Silute 94.37+4.1 0.039+0.005 0.67+0.03 0.06+0.03 0.190+0.008 140.9
the iSOtODI i gt g The increased 2°°Pu/=*24%Pu activity ratio to 0.30 and the 71 Naglio aléja 171.3¢+7.3  0.006+0.001 0.04+0.01 0.17+0.50 0.205+0.027 4564.5
e ISOTOPIC ratlo assessment. : . . iiai
P 200py/239Py  atomic ratio to 0.26 in the southern, 72 Skyplaitiai 46.843.4  0.002+0.001 0.02+0.01 0.12+0.85 0.207+0.069 2476.3 °
73 Pamavys 65.7+4.2 0.005+0.003 0.03£0.01 0.15+0.49 0.230+0.030 2173.4
southeastern and western parts of Lithuania indicate the ) Meadow soil
15 Vilkaviskis 19.4+12  0.030+0.002 0.23+0.02 0.12+0.02 0.243+0.018 84.3
' ISSi 16 Vilkaviskis (co-mégi 11.1¢0.9  0.018+0.002 0.20£0.03 0.09+0.03 0.236£0.021 55.5 : : o
source (Chernobyl accident emissions). Haviskis (co-meginys) * * * * : Fig 8. Locations, where the source contamination (Chernobyl NPP
17 Virbalis 21.84#1.0  0.025+0.004 0.25+0.02 0.10+0.02 0.242+0.014 87.2 . ¢ 0
18 Graziskiai 9.3+t0.7  0.007+0.001 0.07+0.01 0.10+0.01 0.214+0.032 132.9 accident) was found (up to 43%)
19 Lazdijai 21.5#1.0  0.023+0.003 0.24+0.03 0.10+0.03 0.263#0.016 89.6
20 Veisiejai 42.7+1.0  0.010£0.002 0.40+0.04 0.03+0.04 0.196+0.012 106.8
21 Skriaudupis 6.5t0.5  0.007+0.001 0.14+0.02 0.04+0.03 0.196+0.032 46.4
22 Kap&iamiestis 14.9+1.1  0.010+0.002 0.26+0.03 0.04+0.03 0.217+0.020 57.3 .
200 3 08105 23 Kap&iamiestis (co-méginys) 32.6¢2.2  0.017+0.002 0.24+0.03 0.07+0.03 0.168+0.022 135.8
1.80 ® 24 Kap&iamiestis (co-méginys2) 9.7¢0.9  0.006+0.001 0.21#0.02 0.03+0.02 0.205+0.018 46.2
Lo 25 Leipalingis 30.5+2.4  0.022+0.003 0.70£0.04 0.03+0.04 0.189+0.0073 43.6
_ _ _ : _ _ o 26 LateZeris 30.4#2.4  0.008+0.001 0.44+0.05 0.02+0.05 0.184+0.009 69.1
Fig 3. Geographical sampling situation (in dark green) and the Chernobyl g 14 27 Marcinkonys 12.6:0.9  0.010£0.001 0.17+0.02 0.050.02 0.190£0.034 74.1
NPP (th e sourc e) location § 120 28 Varéna 262416  0.017+0.002 0.54%0.02 0.03£0.02 0.198+0.007 485
£ 100 29 Senoji Varéna 53.0#42  0.030+0.003 0.79+0.03 0.04+0.03 0.199+0.011 67.1
ATVIA ITiT 264prit,0000rs | [2] 204prit, 0.00 s £ 50 30 Eididkes 3303  0.002+0.001 0.05+0.01 0.04+0.01 0.195+0.038 66.0
/\ IXHUANIA [2] 27 4pril, 0.00 s 2 May, 0.00 hrs s 31 Saltininkai 4.4+0.3 0.004+0.001 0.13+0.02 0.03+0.03 0.199+0.021 33.8
4 27 April, 12.00 hrs [6] 4May, 12.00 rs & 060 . o
,&%m\ b o 2 32 Dievenigkes 40:0.9  0.003+0.001 0.08+0.01 0.04+0.01 0.210+0.036 50.0 MelTes AR N
¥ N N R 0.40 33 Dieveniskés (co-meginys) ~ 33.6+2.7  0.010+0.001 0.37+0.03 0.03+0.03 0.191+0.011 90.8 : . . ‘ . v
; N O Smolensk _ / ~.. )
PO LAND . MINSK _';;-*;" (T Kaluga 0‘;"' oL 0.20 34 Stakiai 79.746.4  0.0210.002 0.53£0.03 0.04£0.03 0.187+0.010 150.4 Fig 9. Close location sampling (TelSiai 1
{ Moglev 4 v ) we s
& 7 s T 000 35 Igligkelis 28409  0.0020.001 0.100.01 0.0240.01 0.231£0.036 28.0 TelSiai 5)
=5 }-" 0 50 100 150 200 250 ZIL-1 lgnalinos AE pusiasalyje ~ 5.29+0.2  0.003+0.001 0.15+0.02 0.0240.01 0.195+0.029 353
et 7 137Cs concentration, Bq kg ZIL-6 Tilzé (prie Driks¢iyez)  4.1#0.2  0.003+0.001 0.13+0.01 0.02+0.01 0.177+0.021 315
TR z4 Seda 6.90.3 0.001+0.000 0.01+0.00 0.12+0.06 0.219+0.093 625.5
e i 137 239,240 i
RUSSILAN Fig 5. +*'Cs and Pu correlation z5 Plungé 8.4+0.4  0.002+0.000 0.01£0.00 0.18+0.04 0.221#0.015 933.0 I .
FEDERATION 6 Joskaudai 5.1+0.4  0.001+0.000 0.01+0.00 0.19+0.05 0.195+0.022 1051.8 CO NClusIons
0.09 1 R2=0.8238 7 Darbénai 12.3+0.6  0.031+0.000 0.09+0.02 0.10+0.05 0.188+0.012 1304.4 137 . i ] _ o ]
© Rnarkov 008 z8 Pagramantis 11.1¥0.5  0.002+0.000 0.06£0.01 0.30£0.02 0.218+0.042 1791.8 1. Cs and plUtomum Isotope source In Lithuania is mainl
= N E 0'07 Z9 Pagramantis (co-meég. 2) 8.0£0.4 0.002+0.000 0.01+0.00 0.17+0.08 0.213+0.048 744.4 nuclear tests debris, while in the southern Lithuania iS
AN Z10 Pagramantis (co-még. 3) 11.6+0.4 0.002+0.000 0.01+0.00 0.26%0.06 0.222+0.020 2009.8 . . .
Y 0 50 10 S0 200 250 300km 0
L P r e 0.06 - 711 Pagramantis (co-még. 4)  5.9%0.2 0.001+0.000 0.03+0.00 0.26+0.03 0.258+0.014 2193 ChemObyI NPP accident contamination observed (UD to 43 A))'
Fig 4. Modelled Chernobyl NPP accident emission dispersion 0.05 | i c . e ——— =
B elsial .O0TU. o TU. o TU. a afUk a AUk o 238 239’240 . . 240 239 . . .
(MOZ”OV et al-’ 1993) 0.04 1 714 Tel$iai 3 1.740.1 0.001+0.000 0.01%0.00 0.130.08 0.196%0.042 476.8 2 P_U/ Pu aCtIVIty a_nd Pu/=“Pu _ at.O.mIC rat|o§ !n
0.03 215 Telsiai 4 1.120.1 0.010.00 0.216+0.067 137.0 undisturbed and forest soils do not vary significantly, while in
_ | 716 Tel3iai 5 4.4%0.2  0.002+0.000 0.01+0.00 0.23+0.11 0.231+0.043 645.4 forest soils hiaher plutonium concentrations are detected
Sampling and measurements 002 717 Péaidiai 0.011+0.002 0.294+0.02 0.04£0.01 9 P '
0.01 -
Samples: 0 . . . . 3. In certain close location samples significant plutonium activity,
_ _ _ 0 0.5 1 15 2 _ . . . _
« undisturbed meadow and forest soils, 0-5 cm depth profile, Emissi | | Iobal isotopic__ratio, concentration differences were observed,
' Fig 6. 238Pu and 23°2:240py correlation, Bg kg mIsSsion source: local vs. globa : .
with upper layer. g qkg possibly, due to various surface roughness (r,).
Measurement equipment: | A = A%ample — Aglobal < 100%
« HPGe gamma spetrometry — for caesium-137, Sample preparation % A1 _ A\g O
 Inductively-coupled plasma mass spetrometry — for plutonium- : : : ocal lobal
. Undisturbed meadow and forest soil samples, were sieved (50 g dry : TR : JIE
: ’ where A,, is a local source contribution in %, A IS its
239 and plutonium-240, _ _ mass + 242Pu tracer added); . | val dA A cal activi Sampc'le . S
« alpha spectrometry — for plutonium-238 and plutonium- Pu chemical separation and concentration: ion exchange resin experlmenta value an local» Aglobal A€ typical activity ana atomic — CENTER
239,240 determination. DOWEX 1X8 + afterwards U/TEVA, TRU resins. ration for the source and for the global fallout. FOR PHYSICAL SCIENCES
AND TECHNOLOGY




