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Abstract

More than 450 nuclear atomic explosions including atmospheric, aboveground and
underground nuclear tests had been conducted by the former Soviet Union (USSR) at the
Semipalatinsk Nuclear Test Site (SNTS) over the past 40 years. Since 1994, we have
concentrated our energies on assessing the human health and environmental impacts of
nuclear testing. Especially, residual long-lived radionuclides such as 137Cs and Pu isotopes
have been measured for soil samples from various areas. The studies focused on the
evaluation of radioactive contamination in the settlements where the Semipalatinsk
historical cohort resided. In October 2005, detailed soil sampling was carried out around
Dolon settlement to estimate the width and position of center-axis of the fallout plume
associated with the first USSR atomic bomb on 29 August 1949, and provided useful
information on the efforts to estimate radiation dose in Dolon settlement as reliably as
possible. Such studies were, next, devoted more time and attention to the Sarzhal and Karaul
settlements located in the southeastern direction from the SNTS. The local fallout from the
fist thermonuclear event on 12 August 1953 (30 m in height, 400 kt in scale) heavily affected
those settlements.

Here, laying stress on Sarzhal and Karaul settlements, the accumulated levels and spatial
distribution of soil contamination by 37Cs and 239240Pu have been excessively investigated
since 2007. Besides, the radionuclides 236U and 237Np derived from bomb materials themselves
were also measured together with the induced radionuclides, %2Eu and 6Co, in some soil
samples. Based on those data obtained, radiation doses in air in two settlements were first
reconstructed. As a result, adsorbed doses in air in case of the evacuation (non-evacuation) for
inhabitants in Sarzhal and Karaul settlements were evaluated to be 20~100 mGy (210~530
mGy) and 10~75 mGy (120~380 mGy), respectively, as our tentative estimate for 1-year
cumulative external doses mainly due to the local fallout from the first USSR hydrogen bomb
test in August 1953.

Apart from the above researches, in the Kainar village, one of the villages where the
historical cohort resides, located south of the SNTS, and in the Pavlodar District located in
the adjust north direction of the SN'TS in which data were very limited, accumulated levels of
137Cs and Pu isotopes in soils have been measured for evaluating 137Cs and Pu inventories and
their spatial distributions.

The inventories of 137Cs found out both inside and outside of the Kainar village were in a
wide range of 130—~7,500 Bg/m2. A clear shape similar to a Gaussian function along the
center-axis of the radioactive plume, which has been found in Dolon, Sarzhal and Karaul
settlements, was not observed in their spatial distributions, indicating a wider and uniformly
close contamination of this region.

On the other hand, in Pavlodar District, the 37Cs inventories ranged from 1,000 to 3,000
Bg/m? for soil samples. As a whole, Pavlodar areas that the surveys have been conducted were
found not to be contaminated so highly, compared with the northeastern areas including
Dolon settlement contaminated heavily by the first nuclear atomic explosion in August 1949.
The obtained data were also compared with all the data from other areas where we have
surveyed until now. The obtained data will be useful for future residents' exposure dose
assessment

Key words: Semipalatinsk nuclear test site, Radioactive contamination, Radiation dose,
137Cs, Pu isotopes, Sarzhal, Karaul, Kainar, Pavlodar
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Nuclear Test Explosions OW%)" Rl [J5EIE
BRI X B BURTERE T o, BEB X 0K
WEOWE] #AY =ML, ZLOTF—F &5
£ L C &7 (Warner and Kirchmann, 1999),
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WCTHbH, TNFE T, FHEBHEIE 300 ~ 2500 mSv
(1949-1992 4F: [H] D RSB MEARE ) 1R TR
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L. SHDOFHE - PERPEEREIXIH Y B X

Fig. 1 Former Soviet Union’s
Semipalatinsk nuclear test site
(SNTS) and chart of SNTS with
the axes of most significant dose-
forming local traces of radiation
pollution.
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2001, 2002, 2004, 2006; Takada et al., 1996) . &
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2006; Stepanenko et al., 2006; Sato et al., 2006;
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NEDHEZ EOREDIEL b > THEB LD
B % W5 AT B 72010, 2005 412 F o v 4k
% TR BRI T, PCs & P Pu
fEEDOHAT %W S5 92 L7z (Sakaguchi et al,
2006; Yamamoto et al., 2008)

F v #EEICBIT 2 Cs oIS E D 5
A L 7oA 22 MR, £ 500 mSv (Imanaka
et al., 2006, 2010) X, BKEOEWOL ¥ D
TL #l % 12 £ % & (Stepanenko et al., 2006;
Sato et al., 2006; Goksu et al., 2006) X E TV
RIS & B R 2R (Gordeev et al., 2006;
Simon et al., 2006; Stepanenko et al., 2007) &
bHEM X 3% L. BUEDRY "Cs b=
A IR FEER A O AR 2 L L.
£ HBUE F TOWMEMLE 2 5HIi T X 2 W1
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72, TNETISRENFEZ L T & 72480
HHRI & DI b AT,

I. Y VI v —NVROH T IVEHR

1. [HYHEPDOKBEF NV — VR H 5
WEETE DO

L INGF YA IEB OMBIALE S
PN T v — VRO T 7 VEEZ HY EHO
KIE (RDS-6s, 400 kt, 195348 A 12 H) 12
2R 7+ =177 b (ocal fallout) @

Fig. 2 Location map of settlements where the
Semipalatinsk historical cohort resides.
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COW DK, Layer Cake & FEIX ALK
v L0 b JERHER o JFUR T A BR R A R
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FIZOoWTIE, MEREEIC L' T IVERE
(Gordeev, 2002) X % 27z EPR fii (Sholom
et al, 2007) WEENTW5E, L LHED
F—y LTS E, EFVEEICL ZHED
FinsEEE L MEOR—HAMEL %> T
5o EFIVEMEAE, EPRMEE HICE D% 5
AESLETH D EINT WD,

2. BRI

2.1 THERURERIE i B

ARG G DN T D2 534 2 15 5 72012
TIERBHIOWTHGE L7ze 3 Cl2eirmmse e
LT TR OWT, 7= 25
NTW5, 4N, 2007 45 6 2010 4F 12 H 0T
Ty BTy —v, 2T VEERLO 89
HUZBWTERIL (R E 30 cmy BEE47 cm A
T Y VANA TR Lo HialE 2 EICH
Wiz GUEHRIRO LT : Fig. 3)o

REHREUZ, AT AT TR BRI
FEH O DT JRBRE: - SRR - FUHER
PO BIIE T v — T THEM L 720 PRI
E 0V EROKIED TV — 2p5wH L7z e 7
HMEhpty s =MoL CEBEICAS LD
NS> CTEML 72 (Figs. 4 and 5)0 7
MENL T IV—20D+t % —iillld, Artemyev
(2006) DFHEEZEIZL., D (N50° 2707,
E77° 44'24") & # i@ (N 48° 19'127, E 80° 0°0")
EAGATEEME Lzo F 72 30RHRIUH R {1
WL, IR Y 27 4 (GPS) 2 HWT
TR L 72 (Appendixes I and I, T XTH T
RS, EINICH B - 721 100 CTHi% T
WM 2mm X v ¥ 2 THiVWT Lize £ O,
Bz AR 2 T& 223 —I1c L7,

Fig. 3 Photograph of soil sampling near the
Sarzhal settlement in 1995.
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Fig. 4 Soil sampling points around Sarzhal
settlement.

Fig. 5 Soil sampling points around Karaul
settlement.

2.2 AL & OB RE I E

L 7z BRI DWW T, FREISR T IR
oy M VCs g m Lot b
Wiz %0 L T Pu AR, —EOREHIOWT
79727 ¥ at—3 3 (fractionation) KO
SRR & RIS 5 72012 P'U (PFU) &
BNp KO Eu & “Co b ll%E L 720

[¥Cs] B LA (FP)o 79 AF v
J %4 (NEE6 cmy & & 2 cm) (2 TI3ERUR
(60-80 g) % Ad. Ge PR #R % H T
y BEH L 'Cs (T1,=301y, B) %@ L7z
e D IEIZIE. New Brunswick Laboratory
(NBL) ORE#YE (Nod2-1) & 55#r F 4k
KCl DR EREZ M L 720

[*Pu#Pul : G - KM O E ZERE BLH H
y #EME D%, Pu %47 - 72 (Yamamoto
et al, 1996b). Global fallout Pu TiHH: S 7z

JE MR O 13 Pu 13, RYER N2 T HRER Y
HUZHI T & 225, BFBREEE O Pu 13285 -
B LB FHEICRD AT TS 720,
R 7R BR Y &5 % A7z (Yamamoto ef al,
1999), THEFK 20-30 g #FF =R, BN %
Hv—mm#k (450C ThkAk) L7zo JRALEE
AL 2R A IE ] 0 *PPu B HE R & — 2 R
mu. g, 7vgzmzky h7L—FET
I L7z ZOFMER 3 l#k ) 3& LKRHRI>
D A F e Bt MIEHRIR 2 N 2 ARFEF I L
KREIED 7 v BREBRE L7z 155 NI
filfMR & EIRALKSE 2 I 2 s Uy s 0o
W& BEAREIRIE T T, BRIt 3512
iR & 7 v W% N R CHFEEARFERCIE L 7zo MR
R B O IRER & b, 045
um LD 7 4 N7 —TIESB L, ) 2l
WMER 2 72 £ D%, Pulilfifk% Fe(OH),
TIE SR, B A A v cHE (DOWEX 1-8
100-200 mesh. NO; %) 7% F 2 T Pu % # -
WL, A7 Y VAR EIZPuz®EE (1A, 2
WefH]) L 7zo ZEum R RERY Si P8l fioha it 4 2
W a M & FHI L 720%Pu(T, ,=241x10" y,a )+
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voa) ZERELL (aANRZ POXA—F—T
. PPu & *Pud a Mz ANV F—ZXBHT S
ZEHHEELR DT, WEOAFE LT Pu
Eitd)o

UAU] U (T,,=4468x10° y,a ) &,
B - KBOT 4 ¥ a vy v—, U (T,
= 2342x10"y,a ) & %0 (n,3n) B & °*U
(n, v) BROSTERENS (Sakaguchi et al.,
2009) o T3EFE & A0 L 72D W T
U FALAR % JIE S % 72018, N &3 2 = 5041
i1 (Accelerator Mass Spectrometry : AMS )
(2 &% PPU/APU Bl & 4 U R R E
250 THb 250 B e % 47 - 72 (Sakaguchi et
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PR % — BRI L 72 AL BT hZ
o U % Fe(OH), THyb &8, BN L 72708
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BB THER. ®U (T,=675d B) 1351
WTHB7:0, ZOTHEMTH 50K
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A L 720 AN IR IED 72 @ b
L—H—"Np *"Am»5IVF LI LTH
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BEAIIEEIZ X ) Fe 2R L7z, #EvT TOA-
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CH SN EWIC La R, Mk Fa ¥
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Mz 794bs v & X /b % 7o 720 LB
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fLAPCRZ G L 720 T DR, a A7 b
APMY—I2X Y ¥Np #E® L7 (Yamamoto
et al, 1989),

["Eu,Co] : B L T K N2 O JH 8¢k
T &R RN & OBBOS THRCT % 38K
BHEBRE, Eu (T,,=13516 yv,) & 0" *Co
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LU REENE W TH 5, T3EHE 80-90
g ZHTRBRILF + ) 7 A FREE (RSN T
100C £ ThZ LK %2 25 S TH 5 400C
ECRAICIRE R B, —BnEaER) %47
R % K\ S 7, REFHIRE L
TCe (II) ZRML., LBRBEIEZHEYRL A
A5 Fe, Mn, U, Th, Ra%s% £ L, &k
112 Ce &I Eu (+ Co) LM 2 #4720 ik
e % We . RN L, Ui ZE s
HOR/NERWL L AV Tl E R D Ge 8K
e H %% (Hamajima and Komura, 2004) %
WTy MEHIL. "Eu BX U %Co 2R L7
Eu & O Co 73T DAL 22 UL % 5 W] A7 A4 10 5
(ICP-MS) & 9 3k&7- (Nakanishi, 2001) .

(AN

3. TCs WIWITLAE A FH v 72 22 R i G Al

AR WF%E Tld. Excel Visual Basic % Fll l L
THEZ RY) (decay chain) # Z 8 L 7285
BROEE ORI BT 2 FBA OB iE 2 5t
W9 57012 F 25 FPCOMP (Imanaka and
Kurosawa, 2009) ZfiH L7z, #MDT7—%
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oW, HAREFBEE e b O 02
WS 4 751 — (JNDC FP Nuclear Data
Library) % H 7z (Thara, 1989), Z ® FP 5
A 77 =Tl o rorF— (BT,
HP S 14 MeV HET) I U R Puze &
DB HEWE O IR LT B
66 225 182 £ TP 1227 IO W T O T —
y (B 2GR, R, AR Py
IANF—=%E) BT AF—EATRE SN T
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3.1 FHEN G DER

75 v F¥u (ground zero) TOEREIHHE.
THE 7 N — D GBS i £ THES % [
2 AR O FP ORI MET 5. L7z
3o TRBEE S ReH g S L, #
BERRE W59 5 £ 2 b B oI
DWW, BT 20 sl L7 RERIC BT 5
FPCOMP OaHS#ER 2 Ly 74 #4758 % 584K
L7z EHITyMEBMIE L2V, HHVIEED
BURDMEARL T & B0 2 RO L ey RT o
G A% HE % 30 BiAE (Thara, 1989) (ZBR%E L 720
NS 30 DWW, 75 7 ¥ a tk—
oa VI B EERERREE, 22 M R AAR R
% Table 1 127”7

3.2 797¥vajkr—vav

FP AR E R, SILAET S5 L TOM, T
O FP HH—ZB2Rm$ I Lidd ) Frwv. -
BUZIkAE L7z FP OMIBE. B0 2R 57
MIhalt ) EREERRLI LT
BEhb, COBRIE, 797 at—ar
LIS, ARSI o EE L W B G 5EE E e A
WX o THl&EET S, FP DA EH) & £ %
95 L THWIHTH S (Hicks, 1982). g%
T DAL 55 B OAE R Befa Yk T O RIS

I (refractory) JCHEA £ L THF#
HZHEFEME (volatile) TCERARET B HEifi
Wy @ refractory/volatile %, k¥R &
Lo, & Ur (v BFRE) (TRES
bHo DFD/INERFTITE, refractory 121X
T volatile DEFIERE S 2D HITKE kL
F13 &, volatile (2T refractory @ & &A%
KREL Do —J7 MEERAL O Y HL 708
FLF OLRBEREDEN L > THEL S, MER
RBLFIZHAR, RE R FIZIEREREE DS N, £
DI=DIKTH A R L o TR TV — 20
FEFE LI B AR O W BRGS0 BEASE Z 5 6
FRIEH AW Tl refractory JLE % 5
WHEIG TEOR P REORE R0
%o JRIEH A O EEBEANEEN 5 12D, volatile
TLHEOEEHE S RPED/NES e i T-H3 ik S h
TL %o & L FP OMH—>2Td Z DR e
FEA G UE, Mo FP O e E % & 5
FEDTERTHEAE T 5 Z EDWRETH %o

3.3 797 ¥vakr—va yREoi
797 vak—varoESuERED S
T, L3O YCs & PPy 7 — F 1T EHE
b BEEBZEOETOBMEIEILENTY
ZIRETIE, RSO Pu L flio FP IZRAE
L CTw5b78®, refractory (R) 1257335
FP OLA R Pud@h SHEN T2 2 & 25
TdH b, Volatile (V) /¥ &N 5 L) % FP
DEBZOVTIE, Cs 2 HMMTE %, %k
frge (Fa v 43%) Tik RV (e) %
W2 Z &2k - TikEBatREIL & e L 72
(Imanaka et al., 2006, 2010), ¢ (&, FEEDL
A BUFREFE (S04 > #°Pu/™"Cs JE (Pu/Cs 1))
w777 vat—3arPirniRED Pu/Cs
o CgaoRLR & 12 & 5 S b B fE)
THRysZLTHELN,
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L2LGho, YT v —)b - 77 )VEHEE
U BT e % 5 X S L 72K RS KL
TE R (%53 2L 0 8 5 R0 RIS FEE (RS )
EDRAHTH 5720, Pu/Cs I Tk B HE
WA ZETAHZ LIINETHL, €2 T A
W T U (n,2n) BPUSTHEE S D U
(T,,=675d B) %M\ TILAERSREL % M
L7z U R Th 2720, 20T
HCh 2L Np #ll@), 22T
R/VIE (e¢) &, J&® Pu/Cs LA & Mk
IC LT EBomAA R, %l U/Cs ik
T vatr—varPrniRiETo U/Cs H
Thrd b2 & THETE S, i U/Cs HiZ
DNTIE, W ODPDIREDIE TR L7z £
FTOZ AN F—PERONHR (BRlA 80 kt. %
5352 320 kt) @FE SR 1 24720 O f )L F—
M (176 MeV, 200 MeV). @B 1 [0 24
7o) o PR E (LM, 258) Z40E L
720 FRLD XD ITRET B & (BaRTT
¥) / (RGOS IZ & % 14MeV H 9%+ %0)
DX 1AL b, DF VESREPHET
B E A IR X 5 14 MeV HPET 5L, 12
EREE 25, KICPU & YCs DRI %
% Z5ho TCsix, U L 14 MeV HHETH 5
WIS EPET E OBGRIIETH B, Th
ZNOBISE AT & PP IR &, B
EN/z4 Cs DR 65%13 **U & 14 MeV Wik
TEDORIBICHET B ERMETE S, — KU
32U n,2n) FOBICE > THEENS, F7-
BU (n,2n) FIBICBIT % 14 MeV T & 8%
RPVEF OB OCKTIRIFR X, T 9744,
141 39U N=> (mb) THb, WHEFHILIE
FIZFAETDH 255, U O FF 24K K6
EU & 14 MeV kT LD (0, 2n) FIBT
HHEEZOND, P EIZEY ®U & 14 MeV
T & ORISR T 2 ¥U & PCs 1,

y—ry ME PU) BHLTHY, hETO
7797 ABELTHEERETE S, TR
FAZE D, PU/MCs o B (Bl 25
MT&, 797 ar—va v ORRETERT
LT ENMREL R D, 722, ZOREEH
WTR/V AR T 2546, EBICPUL 4
MeV T & OB IS ICH KT 2 ¥Cs 134
YiCs d 65% TH % 225 Cs DFEHMEICHHIE
T HUEDPD 5,

RIFFETId. EHICEI®U (n, 3n) BUS
WX o TEERTZ®UICbERL, PUF—
SEHWCT7 I var—2a VIREELEL
720 PU (n, 3n) BUBIZBIT 5 14 MeV Hi 1k
T ERARPEFOBOSKH ERIE, £hEh
405.8, 0058 mb Td %, L7z2%> T*U 0¥
AL RRICAERE () *U/Cs ez 5
T %,

FP 7% volatile & % 12 refractory (2433 &
MBI OWTIE, BRI 20 Btk (RO %E
M AL LR R ) CoOfFERREE 2
DEEGTRES NS (Hick1982), 72721, &
fH1Z X 5 Tl refractory & volatile ® H1 i D%
PERTb0bdh), TRETNOBM 12O
THERIMEFR L (refractory index) &\ 9 &M
Hz2o6NTwb, r=1 BT, =0
MR L 7 Do WCs 1 I 72 52 4 4
%D FP TH D, Pulilfifkid FP Tld v
A, EEMREOFP LU X ) ICHEBT 5
(Crocker et al., 1965; Hicks, 1982), = Z T7
Fovar—arIiIvrsi—%w t3bHL,

w; ={1-r)+er,— (1)
EEEINL, w k. FED FPEMIZOWTE

Ao, B LLEEICZFO FP Mo ¥Cs
KT BMHAS, 7F9 7Y atk—a vV
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SR TMBIC > TWA R A ETHTH
bo SHIZHEBONM { OB t 12B1) 5t
BEEZ at) L35 &,

a(t)= w;f(t)ac(t) — (2)

E b WX, 7T 7 atk—a i hn
EE LA B A5 o PCs 1axt T
LI (B Thro (2) Kk b, Cs
B R R S h 2 UL, Mo FP O hE & %
T HIENNREE R D,

3.4 ZERIMHERIRERE

b1 miZBT 5 ZRMER B
FEAS—HRRICHFIZ A LT b EREL T ik
B RE T L 2 & 22 [ R AR AR K £, (dose
conversion coefficient) % v CTEHHE L 7.
Table 1 1Z/R$REFREIL, HFKIHZIZ & B
7% ) RO EZ ZRE L 72 Beck DIETH 2
Table 1 Radionuclides used to estimate y-ray

exposure from local FP deposition in Sarzhal
and Karaul settlements.

(Beck,1980) o
PLEWCX Y, Bt ToZBmER d) X
dit) = le,-'W,-f,-(t)'acs(t) —(3)

LREN, WHERH 1, 5+ FTORT M
i D) i3

D(r)= r d(t)dt
—Zk wj f

&7 % (Imanaka et al., 2010),

AR T, R L= Fik 2 Fv TR R
AL B, YUYy =l h T VEEKIC
BWC, TORBMNELHLETVERIZLS
2R IIEE S hTw v, L L, —EBF
M RE e fR R T — & B ERIE T E v,
SRR D 7 — & S W RE % O T, M
(FERME) & OB D RART,

)dt ——=(4)

4. WRELEL

4.1 HERPy RO Cs B L OG5
4.1.1 NI x—VEERLEZDRN
POV v — VIR R L T E R

Appendixes 2R, Py & ¥Cs Dl 5E
flid, FERET ([ > ~XY MY —, Bg/m) T
KL THh s, HH I Ba/m®) & Wk 2
mm A v ¥ 2 TV L aiiEE (kg).
A % T RERE (Ba/kg). S % AEHRIUN A
7Y VAL TOERAERH (M) LT 2L, [=(W
x A)/STRTZENTE D, »Pu KT ¥Cs
LR OBE DA % Fig. 6 7R3

F/72, Iv—2roPMEEY Y s —iglin 50
FgEoBBCHMME L a7 -5 &2 T ay b
L7z O % Fig. 7128
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Fig. 6 Histograms of '37Cs and 2389.240Py
inventories (Ba/m2) around Sarzhal settlement.

WPy T O TCs # BB IE, BN ~
11,500 % UF 300 ~ 17,100 Bq/m” o & PH ¢ 25 &)
L. F¥MHEIZZFR2N 1,020 5 OF 4420 Bq/m®
THhole ¥V ¥ —VEBTO FCs Eti

X, HAIZBIF S global fallout "'Cs (3,000 ~
8,000 Bq/m*) HHEm O 2 N TH 5o — 7,
P20py TR, HA D global fallout (40 ~
120 Ba/m*) OB R VETH B0 VY v —
VIRBIZ B 2 P#Pu & ¥ Cs O FREUH 2
i, F—HEF—FICRERNTY XDH 5
DT, BTPEHTOSMbR L7 (Fig. 70h
), HdE, PREINL Ly —dlih b0
HETdH D Ak O I AL T NS T o
AT D 53 AT 1L A7 A AT D 55345 % 78 L
Twde 1M TOWEMDITSDEITRE N
(Fig. 8)o

BEBRD S 60 FfEE L7245 HIZBWTT
Bz MO TV — L%l L 72T & iR T
X%, KMEERTAEORFA L V& —HliT
HBHIHITEDNL, RHFFETIEET VY ¥ —
VEFENO IR EE WD 5720, £EN
DOVCs BERMBEVNEER NG A= =L D,
WiCs FTREEIE 1,100 ~ 5,700 Bg/m* OHIBHIZ B
% Global fallout 2* 5O &5 L TiE. F
T % JE LT 500 Bg/m® #2  (Gastberger
et al, 2000) DEWE I N TWBE AL, HL

Fig. 7 Distributions of individual values and geometric means of 137Cs
and 239.240Py inventories in soils as a function of the distance from the
supposed center axis of fallout plume in Sarzhal settlement.
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Fig. 8 Distribution of deviation values (individual
value/mean values for 137Cs (A) and 23¢.240Pu (B)
inventories in soils at one sampling point) as a function
of distance from the supposed center axis of fallout
Uy — VAR 2 S ORI TR A CL
BRICHlE SNz F—FIZ hid L2k H1enNg
Y EFDPIEFEIIRE DT, SEIIHIEEZITD%
Dolze 1T IVHEEITHE LT RBRICLEL L
720 BHEBRAEE (1953 4 8 H) OAEICHIIES
% & 3700 ~ 19,700 Bq/m* & % %, L72%%5
THI D v — VEFENTO PCs LA = %
4,000 ~ 20,000 Bq/m* & L 720 77 A O
T4y T4 YLV REET V=201 Y
y—ulix, PRI TwZZEL) $18~25
km FEER S MICH ). T O5AEILH 20
km Tdh 5 LHE Sz,

Fig. 9 Histograms of 137Cs and 239.240Pyu
inventories (Ba/m?) around Karaul settlement.

4.1.2 HIINERLZORN

17 VR E L TR E R R '
Appendixes IVIZ, ZFOHES i = Fig. 9 IR
Fo Fig. 10 127V — 2P v 7 —iil

Fig. 10 Distributions of individual values and geometric means of 137Cs
and 239.240Py inventories in soils as a function of the distance from the
supposed center axis of fallout plume in Karaul settlement.
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O DOHEEOBETSIIRE L -aT— 7 RO
Wi HEORMAMEYE 70y PLAEDLDOERL
72 PPy b VCs 0B REIT TN EN 34 ~
1540, 502 ~ 9918 Bq/m’* T& 0, HiiFHfH
1% 430, 2650 Bq/m* TH o720 7T 7 VEE
EH VY X — VEED S S SITHE R TTIC 100
km FEEEEENTE Y, SNTS 70 5 EARHE I TH
BEZ20kmDEZAHIMNBEBLTYS, 7
W=D T X =S h TN EBET
LRI - B P L7272, H57VEAT
O BHpy L FCs o FERTEAT AR A TH
WX = EDHEEE Lo Two, Kk
WT D Cs #AT - DO ZE TR IX. 580 ~ 4,200
Ba/m* HFEERLIFOEIZHIIES 5 & 2,000 ~
14400 Ba/m* & % %, L7zAoT, AT 9N
%N T O YCs ML AE & % 2,000 ~ 15,000
Ba/m® LFHli L7z F72 5077 — 212k
LT, AT T4 v T4 v 7 LIRER L
DWEBEOTV—20t >y s —llid, FPHIN
TWzili L D % 04 ~ 07 km dLHFGANZH D |
ZO5AiEIEBEB L Z 20 km, PV Y v —
HERHEOIEE KR, FL LD RIETTIV—
AFNFE L2 EAVRIEE NS,

4.1.3 "pu/"Cs Jithtk

PV v — VRO H T 7 VEERBIZ BT 5
BRIOPY/TCs U AR He > 221 43 A & Fig. 1112
AT e 1HIEIZD & 3 DDWEMDD B, Z
DI 2 T O TORERMEE LT
Oy b L7z #%Pu/"Cs Hid IV ¥ ¥ — vkt
8T 005 ~ 072 ("3 :021 £ 011). # 7
7 VR T 008 ~ 029 ((F34:0.16 = 0.05)
Tdh o7

PU Y v — VEFE TR S 2 RE 12V
#920py /BTCs 13RFE D K & 7 hot particle D
BIZIBLZZONE, VT vy —VEETIE

Fig. 11 Spatial distribution of geometric mean
239.240Py/137Cs activity ratios in soil collected
around (A) Sarzhal and (B) Karaul settlements

RN T Y FPRE L /RIS H T 7
BIETIEINT Y RPNV, THUE W
VT v — VEEDPHERTZ L w7201,
FIEED K & 7 hot particle 25 5 7 VEFHIZI
RCELBFEF Lz EICE B L EDND T2,
DI Fa Y EETRONTA Y A5 D ¥ —
7D X9 7 PHPu/MCs k434 (Yamamoto
et al, 2008) X H 5N 7% o 720 PP/ Cs
BRI 797 v atr—va v ogBERD
LIV — VR - T VEERBITRE
BAFIEORRICHR R 5o

4.2 ZRRR A

4.2.1 ®UPNpF—s&Mwiz757
¥a dh—¥ a YRR O

HY Mg Ok (1949 4E 8 H) (& Pu i
ThbHIEIBATD SA 1953 4F 8 HDK

FEIZDOWTIEA R 5% VW JRIS, RIEHKIDS
BULOPFPUu DDA TH b, KBIZD
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WC ORI, BB Lo 572012, PU
(n, 2n). U (n, 3n). U (n, y) HBIET
AR B REME DS B PND. PPU OilsE % A
720 TID OIGHEDF LTI I R AT
OWHEE D 2B HTH 5. U, *Np
7 —% (Appendixes V and V) BXUZEn 5
PHEME L7z R/V I (¢) % Fig. 12 (Appendix
VID &R L7z RV LA U nSEHT 2 &
02~ 04, U DSEET 5L 07 ~ 1.3 DHiPY
ThHo7,

BEETIE U & XU, EBI2PU s =7y
MgRE & 14 MeV HPEF-ORBUBIZ X 0 AR L
7o L7zs L LERL 14 MeV 12595
PEHEL R S X > T ANV F— %09 1 EetEDS
Hbo K7 —% 54751 — (lhara, 1982) |2
Xak, PUDERKIETH D (n,3n) FIGD
RS WIE A L. 14 MeVfHiECT—ET% <
YT D22 7% ECTANVE =2 A5 & Al
RIS T 2% —J, ®'U OERUETH
% (n, 2n) POSOWHEARIE, 14 MeV 3£ T
7 b=Thh), EHLTANF =P TFho7zL
L CHMMIZHLEY—ETH b, KBEFEHED
HEF T AV F— 2T PVAFIHITRE T2 W
729, RifFETIR. U W72 R/V IEERIR
L7 afkofisg (400 kt R ZDPNRE L)

Fig.12 Comparison of fractionation factors (¢)
estimated from 236U/137Cs and 237U’137Cs ratios.

DAFENPEEERE L. R/VIEE 10 LRELT
2ol A A L 72,

4.2.2 YCsHpfrik## (kBa/m®) %7:9
» FP O Z2[i#i i

1953 4: 8 H 12 H @ “FHi 7 I 30 77, 3 H)
DKRBEBFE TDONTe TOBERICL S F
) aEIFEE 16 km T THEL. FH 646 km/
h OJEGE TR INCREE) L7z BOh 54
HHEFTTOWEED? S, TV — 2 OFERER 2
FHEATBY, LIy —UNTLT h, &
TN T29h & E¥NTwb (Gordeev et al,
2002) o ARWFZETH [F U EERER 2 BRA L 720
i EIm 2B 5 YCs HAnik A & (1 kBg/
m®) M7 ) OFRFEHEE ORI (v
VX —VIZLEHE» S04 FT) % Fig. 13
R L7z, BB REIZTIHT0FEETO
AR O 45%, 1 HEMH T 70%. 1M T
BN EEDDL, FNVY ¥y —WHTET V=20
FERFH 17 R~ 14E, 2L T2 ZE L
16 H~ 14 F CoMAEMMEEZFHT 2 L.
A& 221 mGy. BEDS5 mGy & 2 %, Ak
2L TH TV T 29 B~ 14, 10 H~
LAEZ CToOZRMMEZRET L &, WAL 19
mGy THEEAED 6 mGy & 7% 5,

Fig.13 Cumulative y exposure in air at 1 m
above ground after deposition using an
assumed initial '*’Cs deposition of 1 kBa/m?,
fission contribution of 2**Pu (80%) and 2°8U
(20%) , and a refractory/volatile ratio of 1.0.
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4.2.3 "EuMfiikshs
DZE R
HE RS & L O S 7z PEa ROY

NCo DMIEREH: % Appendix IR L7270

(kBg/m?) %47:9

Fig. 14 Dose rates in air at 1m above the
ground per 1 kBa/m? deposition of '*?Eu.

5 N7l % 1953 48 8 H YW o il 12 4l 1
% &\ YCo/Eu B fEILIZ. H V¥ ¥ — IV H
T3 =3, #9IMHTIT£3L%%, &
NS OBUSTRE L, 35 O A AR % 13
DEEFMAREBAETFIZED (1, y) K
B & o THEB LA EIE LB E BT 2
“Co/™Eu i 4t fE I (026) &b~ 2 &0 »
BROEBWEEZRLTWS, ZHid, KBS
¥ (30m) ETiibhzolc, EIC8EIcE
Fh Tz *Co &ML L THER L 72 “Co
WEThLEEZOND, HE1I mIZBITA
YEu o WALk AR (1kBg/m®) %4720 0%
SO PEAS AR\ & 2 22 MRS O W 2L %
Fig. 14 \Z/R L7z F/z, S 2 ClERERICHE
FNLEEMMVAKOT—% L LT, fli%MIZA
BOTET— 7 272, TS AR
(*Na,"Mn,*ALPK,"Sc) (22T, KRB Ak
HoZEMERE, PEu BA7kE R ( 1kBg/m®)
M720 43 mGy (17h~1y). 40 mGy (29 h
~1y).034mGy (10d~17y).033mGy (16
d~1y) LHEETE S,

4.2.4 ZEHBES (FP. &5 R EASHE
(*"U. “Co) DI

PN T v — VEKIZBIT B FP H 5 D22 ft
HEIIY VD v —VHEE (0759-2) @ PEu,
DCo. U F—% M TRME L 222 B
(78 SRR, 27U, ©Co) % Hied> T ¥'Cs 4
WikA5®=% 10 kBag/m’s R/V }&E 1 LA0E L7z,
PUIC X pMERIE, BRI LRI
0592 (nGy/h) / (kBq/m®) %MW CEHE L7z,
%72 Fig. 15 ® “Co 12 & B3, "Eu L
WEEDPLFELZLDTIEZR L, “Co DER
&R IR AR %L 00136 (mGy/h) / (kBg/
m®) ZHWTEE L 72 ko Ze &%
(FP+Induced-Total+*"U+ ¥Co) ~D %5 -0
Bl BRI X o TELT %0 BIER 7 R~
2 H [ T ® FP-Total & Induced-Total ® % 5-
FIEENENA50% &[RRI R 5. 2 HUBE
(. Induced-Total @ K&B5 535 A% A 12
X53HDTHAH7:%, Induced-Total D Hw =
EEURICHEE L. FP-Total 253¢BLMIIZ 72 %, 5
HURE, 20U 0% 583 LA L. 10 HTOHE:
#1d 23% (FP-Total : 77%) & % %o 1 4EETI,
FP-Total X 3 “Co ®%5F D )H5 Eil->TH
. LRI “Co 12 & 2 #k a5 ATKEI % 5o

Fig. 15 Comparison of calculated dose rates in
air by FP-Total, induced-Total, ®°Co and 2*"U.

4.2.5 MEXE=5) 77— LK
GIE L7z 7 — % 2 GRS L 7222

[A]
# (FP+Induced-Total+*™U) & FH W] hE

i
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TH AHMEHR (Shinkarev,2007) OPfFEE=%
V7 F—4% (3o 25h, 24h, 84h, 218h.
360h #2ilE) % ik L 72459 % Table 212717,

Table 2 Comparison of calculated total doses
with monitoring values.

YiCs ML A . "Eu. “CoF—FI1ZE= ¥
VY TRAL Y MZEDETH LY v —VEED
LWiEh I VEFREOEEHVTW5, FPIZ
L pmEEE, YCs Mg BEICKE T 572
DI VWHAZF>Z 212k b, BfFE= %
)Y FE=51E, BHRIC X A e L T
L1 ~8fEmn it o Twd, BFE=Y
) U T T = PARMEOFEME L ) B kb
HeElLTid, 797 var—Ya i
BEZONL. I L7z L9 ITR/V ILIE
07-13 D#HTH Y. THROR/V I (07) %
M2 eI S 51K R %, EROR/
VIt WS ERHRMEIIRRKTH2/HICRS L
Eibhb, oL LTIEE=YY V7K
4V NORTENPSTH S, b LIEMER BT H
DA IEEED Cs MMk A R E VTl
B3 hZEDHRELE 25,

4.2.6 HNVTx—, HIFTINEFICBT
% 22 [ Mk D HE E

RBICENZNOEFETO PCs ML &,
WiCs WAL 2 72 ) ORI 22 RIME 2 S FP
W& B2 EZ WD o700 $2FARIZLT
YEu WA . P Eu B RN 72 ) O
SEZ2 M A O B U PR IS X % Z2 AR
waFHE L7z BEEA ) Y4 10d ~ 1y, 16d
~ 1y ORI B % FEH A X 5 22

B O FGIT/N S WD B L7z,

| F vy r— % |

1) FPIC X %22 H#ie

YiCs MMk A D, YCs HATE AR L) 0
HAEMHREQE T2 L,

Ottt s (1.7h ~ 1y) : D4~ 20 (kBg/m?) x
@20 mGy (1.7h ~ 1y) = 80 ~ 400 mGy
Ot AT (16d ~ 1y) : D4 ~ 20 (kBg/m? x

@5 mGy (16d ~ 1y) = 20 ~ 100 mGy

2) FHERUNVERARIC X 2 22

Eu AR RGO, PEu AR 20 0
RS ZEMMED LT 5 &,

OsMt#ESE (17h ~ 1y) : @3 (kBa/m®) x @43
mGy (1.7h ~ ly) =130 mGy

P Y ¥ — VEE TORMBEOZZ MM, S
# (1.7h ~ ly) : 210-530 mGy. & #A (16d
~1y) :20 ~ 100 mGy & FHENS,

[ 7o % |

1) FPIZ & % Ze i

YCs Wik ARG, YCs MALILAE R Y2 D
FAZEHBEEQ LTS &,

Oslit 1 (29h ~ 1y) : B 2-15 (kBg/m? x
@ 20 mGy (29h ~ 1y) =40 ~ 300 mGy
Ot#fiA (10d ~ 1y) : ®2~ 15 (kBq/m®) x

@5 mGy (10d ~ 1y) =10 ~ 75 mGy
2) SRS EREAEC X B 22 [
DBy M A =6, PEu AL AR M) o
FEZEMHREDL T2 L,
Ot s (29h ~ 1y) : ® 2 (kBa/m*) x @ 40
mGy (29h ~ 1y) = 80 mGy
# T NVEFTOREOZZM MR EIE, &
(29h ~ 1y) : 120 ~ 380 mGy. & 4 (16d
~1y) : 10~ 75 mGy & FHEN 5,
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FNENOEHE TR O N7 BRI EMEIZZZR D
W TH ). ANOMERZ 5§ 5 B A1
BAFEKRICE DRI NI A—F —2FET 5
VEDD 5.

B ARBIZEIE AR F R =B HIRFHET e
PR AEY SRR O R O
fge (L) L LCEmINZZLDTH 5,

M. #4FNVEFERIASTa T = VB HROEE

. A IR O BEEE

1.1 7799 YA7HREDOHN AL F V%
Y INTGF YA BERYTIRE otk
R OKRAHRTEBRITONIZD, B THRD
3OO FREREBRAILF I b7z o> THK LW
ExdHLclEbN TS 1 (11949/8/29
(PO JE IR EER, BIEWTT 22 kt. BRI
30 m). @1951/9/24 ( 383 kt. 30 m). ®
1953/8/12 (¥ D K FEIZER. 400 kt. 30 m)o
OOEBIIFERL > 5RO Fa 5%
. QOEBRIIEBRS > SEE LD T 77
YA MK (FEE A FVEE) B OO
FEERTEEB D SR OF IV Y v — VK
RATINEFEZHEEL

i FEERY72> SEE IR 150 km IS &S 57 7
V) A7 MIX DA A FIVEE (Fig. 16) 1%
1950 44, ALT#9 3000 A 0 R o %% T
BHoTze TOEFIT.FE L VIGHER TS -
= DIE@ D 1951/9/24 (247 b I 72 5 5 FE 30
m O FAEIEE YR ORI 264 km/h) T
HDHH, OOBIICHB L TLHEE 2T, 1963
FEFTICZOFERIEOERIZP R LD 10
I DL _E o TR T X B i R SR T IS
BhahizeSbhTwb, IS (2003) O
Y725 AIEY I 85 F 0 R 7 R FERER

Fig. 16 Photographs of soil sampling around
the Kainar settlements.

HHGE XD 4 FIVEEICBWLTIE,
FEEROWEFINZ % 5 EHADR - TRTEIMNIM
TIRES L) a3, @ h~O# TR
ENLPoENEDIEE VLV E SN TV,
77T A X FREERM, ey s
L7« 7% ¥4 (Shahantaefu Akinbai) X
E H A FIVEE DR OGRS 7 BUR SR
S 2 A DOTEWMA 1957 12T H 7 I —RH
DS. B.2NVAN TIKET.D. 7 M F v\
Tk o THLNZLRNT VD, [ERD 30
~40 %12, BRE, KB, B Bo e 5o
7B ORERDER, T2, BB BEOHE
57 ARG, JrRe ok b Biniz,
RiZEs L, 29 LRI ERD IS
THOTHAELZZHRATH b, 4KE, BHo A
P20 L ) BERANDIES S - Jih s
TS OWXME O REREDFERIZ, [H 4 F v
FEBERE ] L AT ONETE S DANDMEES
7z (Akinbai, 1995), I ZOfERICZIE, A&
B DYRRE PO & ILRTE B
BINTEY ., BIEBROBGED S LD D
FEHLTWRIZHEHEDLT, [EROH TR
DEFWREPBINGT TW 5,
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1.2 RN7uay—ViNmEEon 74> 5
B9 2 Mol

nN7ay—=)VIE, mRTITOAFT RS
YOMD 12, icay 7Dy 7HEIEX
EPIEAE AT RS VINE T 7 ETMICE L.
RIIHEAF T A5 HICEEL, MIA 7%
T %0 X7 0 F = VIGHEICHEEE b 72
5 LBIBOKR E LBREBROAAEITIE SN T
Wi\, L L. FEEZ B8 R VRSP SE
BZE2 74—V T7T Moo ENEEIN
TWwbo . ZVFx b 75 5iEHHEEC
J6 95 km i35 7 v 7 (Akku) #%
TO—Maz@fdge Lz (Fig 17).

Fig. 17 Map of some settlements in Pavlodar
areas where surveys have been conducted.

2. FEBII

2.1 F3EIRRERI

77T AT WXD A A FVEE R LIS,
Z O JEBHIR D & D THIEBRIC X 5 RO
BB P1Cs ROVT IV b = AR AA
(**Pu, *Pu, *Pu) OHFEHTOERHERZ
DZE 53 A5i % JEIR T % 72 0 (2L P 0 Hidg7) ©
THEBURE (2007 ~ 2012) ZHRMLL 72 (Fig. 18,
Appendixes IX)

—J7\ 2870 ¥ — )V IH B R DAL GRS (2 B
TAHMBICBWTIE (Fig 19). RS L

NV S ONZE 3 AG % JBHR S 5 728012, 2006 4F 8
HZ V¥ r# (Krivinka) $£&ELH» SRR
#1754 (Beskaragay) #¥%—7 v 7 (Akku)
9% = V327 5 4 (Shcherbakty) #7%&—
3/ 77 (Semenovka) #&—=>7/ AN h
(Kanoneruka) %% DT TR % F2 0t L
720 EHITBINE LT, 2007 4EI2 Y = VN7

Fig. 18 Soil sampling locations in and outside
the Kainar settlement and the atomic bombs
which had effects on the Kainar area.

7 4 EIENT, 2007 45 JL O 2008 45 I HEPH & )i
O TH A I R OZ O 2 T REHRI
%4772 (Appendixes X )o #AFHZ. EE47
cm A7 Y VASA TEPVT, —F A MIB
WTH 30em B E T 1~ 3 HERILL 72
FRICL 72 CoHgalpiE, FNCR bR 72
#%. 100CHi % T M. 2 mm X v ¥ 2 THiiw
S U VT T& 27213 —I1C L7,

Fig. 19 Soil sampling locations at some
settlements in Pavlodar areas located in the
adjust north direction of the SNTS.
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3. kERLEE
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(Appendix XI) 1%, 920 ~ 5900 Bq/m* ®#ipH
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EAEIE A A FIVEEE IS U 5 E K 0 99K20
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WEMACTHRWAES B TE L2 L2 2
b L. GO Puldl FBFEOBIIETE L 72K
i -3 R0 JEUBR A B 55 DO B 2 TR R OB T
WK AEFN/ZPuTH Y, BOHD 54 150
km B OMIR F TREEZ KITLAZ LA
AT E 20 HEORPIMIRT, THEN AT ¥
L ASA T TEZITH AT 2 & A3 70 B
FLY OB TH 72 Appendix XII 2 *"Cs
DA ORERIRTHS FET Sem (99K21 T
(X 10cm ) ETICKREGVPEMSNTED,
A B ORI T TR 1O AL RE TE
ZWHOOFEE TOWAEBZTNITIERE T
Rwelbhb, Biish YCs EEO L
BRAE 5,000 ~ 6,000 Ba/m* % 1951 4F 9 A D%/
FE W RS IE 3 % & 15,000 ~ 18,000 B/
m’ OFVETRENED 722 L HHEEEN 5,
COEI)BRERERT AT, DT A FIVE
L ORI DT - g % Rk L 72.

7B, global fallout 25Ny 7 752 » F
YiCs oF G LTk, R Y HEEEL T 500
Ba/m® #2 % (Gastberger et al, 2008) @ fii A3
WE SN TV Do M TG,
(RF (Al A = S o Byl S N NPAL A =
PIFEHIZREVDOT, FHOT—FbEDHDTL
TOF—=2IZOWTERHMIEZITb o7,

-

Fig. 20 Soil sampling locations in and near-
outside the Kainar settlement
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Fig. 21 Distributions of '37Cs and 239.240py
inventories in soils in and near-outside the
Kainar settlement.

3.1.2 A4 FNVEFEKRTZDER

2007 ~ 2010 4 W2 b 72 > THFE N (7C1 ~
7C6, 10K1,10K9 ~ 10K12) M X2 DExk (7C7
~ 7C10,10K2 ~ 10K8)) THRM L 7z LD+
»7) g (22 #RE) % Fig 2012,
7 — % % Appendixes XII IZ/RF, HENT
(& BEFOBHTERE T2 RAFEL T D E b
N L ARBEHIBOEEIIAHTH Y, &TOY;
s VR E GO EVwHETE DL TY
720 1HBAT4 D 33K 30 cm ¥ S F TOHRIL

Fig. 22 Activity ratios of 239.240py/137Cs and
238pYy/239.240Py in soils in and near-outside the
Kainar settlement. All data are as of the date of
measurements: C-series, 2007/8; K-series,
2010/10) .

Z HEEE L7205 BRIV e 22 5501 A3 < D D A-AE
L7z 22 #5022 nT o, Cs KU #*Pu o
RILH CoOERE (1951 4F 9 H ORISR 5T
DIFERIE L 72 FCs i) 1&. Zheh, 145 ~
5358 Bq/m” (565 ~ 19500 Bq/m®) K& 0¥ 12 ~
908 Bq/m” DIREIE P TS L, “FHix 1,900
+ 1,230 Bq/m® (7,200 + 4,600 Bq/m®). Hyufi
1,680 Ba/m (6,300 Bq/m?) K U195 = 149 Bg/
m’. Wil 168 Bqg/m’ TH -7z (Fig. 21). %
HENICBWTIE, %P (7C37C4) < ¥Cs
Jo OF #920Py 122 T, 4,200 ~ 4,600 Bq/m* }
0F510 ~ 910 Ba/m’ Do & ) H Fiksme

Fig. 23 Distributions of '37Cs
inventries in soils inside and
outside the Kainar area.
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AR SNz, 72, P2Pu/Cs Tk L
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B CORMFEM LML) Tid 0027 ~ 0303 (0.07
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0 v % T o Cs WIHIEAE = 10,000 ~ 16,000
Bay/m’ L AREO LI ICEDbND, 4TV
i D 2007 4EOFAT I, 1951 4 8 H OFEFEER
MO R T + =T b OREEE 2T 56 4F
LB LCTBY., CoMoRREIIEORE., #
GLEEZEZ L E, A5 MOREMDL L
® PCs MWILA RAHEM T E 2,

3.1.3 A4 FVEH-MOYCs ERiRD
Ze 6] o3 A

B A FNVEFE MO P Cs BT =22 54
RAD 72012, 2007 ~ 2010 4E DO IREGREHZ N
AT 2011 ~ 2012 4E |22 F T & SR T g
T A AT - 720 WE L 72 TOWER RO
HHTo ¥Cs H R % Fig. 2312773, 87 Hh
2192 3B PTCs B T R EL 129 ~ 7,482 Bq/

m’ OFEPHTHAT L 720 SFIHMHIE 1,740 = 1,290
Ba/m* H YL 1,450 Bq/m® TdH - 720 1951
9 H ORIEFER R IERIE S 2 &\ 470
~ 30,000 Bq/m* F¥1i % 6,700 = 5000 Bq/
m’ HILiEIE 5500 Ba/m* 2k b, T2 T 5
(Akbulak) (12K20, 12K27 ~ 12K29) K7 7
1) — (Abraly) (12K6 ~ 12K10) % NALT
D YCs FRRIE, #E42 1,000 ~ 3000 Bg/m’
1951 4F 9 H ORZIRFEINE s IR IE$ % & 4,000
~ 12000 Bq/m® T, # A FIVEE L LTK
FARVEHIZHR %,

Fig. 24 12, 1951 4F 9 AICIRFEMIIE L 72 “Cs
EMEBEOET— Y RUNA FNVEET— 5 2%
nNENREIER S TTay M LR EZR
o MFEOSAMIIMA—BELTEBY ., BRI
XFEE 90% OEIZK 15,000 Ba/m” 12% %, &
DAEAS, ZOHIHD PCs kAR A LEL
TWwWhEEZbN5%,

38 #7112 SR Tl & iz PU0Pu E R
W%, 11 ~ 1455 Ba/m® #iPHCEB L. 7 4
FVEREN L2 O TOFIF1E 195 + 149
Ba/m’ (n=64) T& -7z,

#20py/MTCs st FREUH B OVR S Iy
TOREMIEET, 2N 0.027 ~ 080 (F

Fig. 24 Losgarithmic normal distribution of '*"Cs
inventories decay-corrected to 1951/9 in soil
samples collected around the Kainar area.
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¥ 015 = 010, H e 0.11) KT 0.007 ~ 0.22
(F# 0039 £ 0027, 9 0.030) TH o7
COHIE, BEEREFM OO FP D7 5 2
var—varvaEETLELTCEE LT 7Y
¥ —l7% %, o Fu yEEHLTHRIEI L
72 PH0Pu/MCs U BRI 2005 4F 0 SRR
IO 25.C 0.90 ~ 2.0, 1949 4F 8 H o JFURRF L2 4l
E3%&025~055¢8%%, A FNVEET
ORI 003 1, Fu v %D 1 /10 BETH
D, FEHEFEVE D Pu b T AR D PCs BT
WCHARTHSWICA o7z 2 AR E N
%o PPu/A Py BUEREIEIE 0.018 ~ 0.091 (°F
#0053 £ 0016, H1 9L 0.050) T, w4
% T o PPu/P Py i REEE 0.019 ~ 0.058 (O
#8531 003 ~004) LEETH S,

H A FVEEHE—TRE L7z ¥Cs & ¥ Pu
BB OPHP/YCs kO RA ¥ hF—%
POHTNZENOEMGAZ TN T LTS
72D ArcGISV 7 P2 HWT 2RI~ v 7
AR L 724 % Fig 25 2R $, A6 T i

Fig. 25 Spatial distributions of (a) '37Cs and (b)
239.240Py jnventories, and (c) 239.240Py/137Cs
activity ratios in soils collected around the
Kainar area. Maps were made by extrapolation
using the ArcGIS software.

121&. ArcGIS 2 AR F T\ % Emperical
Bayesian Kriging # i\ 720 K265 5 5% X
I T=2 D% L H 2 FCs HATITO W T,
Fa s EERT VY v — VRO 5 VEETETE
WTBR SN FET V=208 > ¥ —Hfjic
Ho COBRBED T Y Z5A4 D X 9 72 225534
EHROLNG V. ZORRIE. WE L7 #EPHO M
N TH DA BTV — 2K & RIEATY
ZFo T BBLRHRICHEY EWZZ L 2R
L TwaEEbhs,

4. BEBSOIMIIBEET 3705 — v
G DD DD J i X
4.1 nN7uy—VHEHEOEO I OEE L
DL

2006 4 IR L 723K ¥'Cs R US Pu 0 %
&R % Fig. 26 (Appendixes XIV) Z/R 9,
WiCs HMEIZ, 271 ~ 3000 Ba/m”® O i P T
HEh, FHid 158 = 716 Bg/m® (n = 26).
HLfiEilx 1,505 Ba/m® Tdh - 720 ilBt &2 FRILL
e TREBSICROBEEL WL 2V E YA
KO Z D0 (P1~P6) Tid. JAL 21,100 ~
2,000 Ba/m* T& - 72%% 3,000 Bq/m* O fii A3
FEHENTHRH SN2, 2V F ¥ M T HRLERT
%182 km LTV B R A AT A A JH0 Tl 1,000
~ 2200 Ba/m’s JbEEDT v (FVF ¥

Fig. 26 Inventories (Ba/m?) of '*Cs and
289.290p in soils (ca. 30 cm in depth) from some
settlements in Pavlodar areas located in the
adjust north direction of the SNTS.
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k7 2 B TH 95 km, P11 ~ P13) Tid 2,000
Ba/m’. ¥ = VN2 7 1 {8 (P16, P17) Tlk
1500 ~ 2,000 Bq/m* £ A/ 772 L % EH
fih B O 47 (P18 ~ P21) Tld. 1500 Bg/m’
HifATdH o720 2007 EICFHFAL L2 2 voxy
7 4 N (5 Huxi, 15 B T, KR4 2% 1,000
~ 1,500 Bq/m* 115 C 2400 Bq/m” T, 2006
EREREFBETH o7z, BRE LT AL
7z 2 DR TCs FThERIL, 1,000 ~ 3,000 Bg/
m’ DHFPATH 5 L Bbh b, Sl L%
By AC Bl O B bIgE. N a Y EFEEE O
H (2005 4E) T ¥Cs FA & 9,000 ~ 10,000
Ba/m* L HNCTREHIZ 1/ 3FETH S,

— 5.7 H0Py FERRZ 6.8 ~ 2,300 Bg/m” T\
P31 248 + 434 Ba/m® {151 Bg/m’
TH -7 2300 Ba/m’ DFENEDRZ Y E 2
EETH O P2 H M THIN S N7z,

M SNz PuiBHEOHREH S 22T 5
72912 *Pu/*Pu ol & A7z (Fig. 27) 0
Bt & L7z *Pu/"Pu i, 0.042 ~ 0.195 #i
PHCZEH) L 72

JEUE R Pu @ *°Pu/*Pu HIEH 0.05 1 .
KA B EE D S D global fallout *°Pu/*Pu
Hix# 018 TH %o KWl (004 ~007) 7%
R 72 S 7z mid, RS MR O K% R
DPUBRELTVWBILEEZRLTWVD,

Fig. 27 239.240Ppy inventories and 24°Pu/239Py
atomic ratios in soils from some settlements in
Pavlodar areas located in the adjust north
direction of the SNTS.

Ko 2py ERESHM S NP2 o
“Pu/MPu Hid 0042 £ 0001 TR DKL, &
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fii : 0.077) TH o720 1949 4E 8 H DA D5
BEBRDOE M 2T Pu Y EEFHLT
O B/ Cs UM BB, 2005 4F 0 G RHE
IR 25T 090 ~ 2.0 #PH O W EABR I S T
Wbo SROILM OB 2 TofEiX, F
Oy ToOfEL ) HMIITASL, Puize s
R IRWEDORET VD e o7 2 & RS
50

4.2 A ANVHAEERPZDNELE DI

B AV H X 1949 4 8 A 29 H DA
DFERERDOFEZ R 2T Fa Y EED»DS
JEEFIANCHERETE 5128 28 km i T 5,
BIREO L SN TV L HURTE TV — 2 0 h
LTI LE BEL A ANV AEFLHEE
Sh7-t b s, 2008 4FEORPGAEHI BT
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& - 72 (Fig. 28, Appendix XV), KB ol
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1% 2,000 ~ 4,000 Bq/m” #i P <. 8,900 Bg/m”
D\ E AL o SHIT M pi THEIN S h
720 [RFIZERIN L 72> 2 3ARHT DWW T 6,860
& 4120 Bg/m® <, S OHE UL ER
WONTAGAD XD L2 GAELN, B
26, COMBPHFET V-0 & —
WMThaibEEZOLND,

Fig. 2912, /870 & — Vi 7z Y'Cs B
L Opy B A SO ) RV H KO

Fig. 28 Sampling locations in soils around the
Kanonerka Village and their '37Cs inventories
(Ba/m2) with geometric mean.

BiZHonTE P Y EEREOME L K
LCm L7z BRI 2SR 2 2 720, 4
2 Cs EMBOHBICH L CIZIEEALET
L0 KL L2R L 92, 287 a 85—V
D FEBRY B EE S B AR HsR o> A% oD 3 A
(& 1949 4F 8 H DI ¥ O J5UJ FEBR D 5 2 % i
VT 73 & T S 202 <L AR TR
ZNBERELEELZHZ TRV, X701

F— VMM EEZ 726 L HEOKE %

Fig. 29 Comparison of '37Cs and 239.240py
inventories in soils between Pavlodar and other
areas

Fig. 30 Comparison with the '37Cs inventories in soils from all areas around the
Semipalatinsk nuclear test site where have been surveyed until now.
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