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An Advanced Survey of Radioanalytical Methods for Long-Lived Radionuclides

and its Radiocactivity Level in Environment (1)
Hideo Higuchi*
Abstract

A further advanced survey on the radioanalytical methods and radicactivity
level for long-lived radionuclides in environment has been conducted.

The valuable information on recent analytical techniques and behavior
of radionuclides in environment was obtained for the long-lived radionuclides
such as *H,'*C,%%Sr,%%Te,'?'Cs and transuranium.

This volume includes the following contents:

(1) Model and its limitation on the estimation of tritium behavior in human

body using environmental data

(2} '%C analysis in environmental samples by using (O, absorbent

(3) Production method of ?5®Tc tracer for °°Tc analysis

(4) Recent study on fallout radionuclides

(5) 2%'Pu analysis in environmental samples

(b) 2%2-243.24%Cy analysis in environmental samples

(T} Radioactive tracer for recovery of chemical analysis of a emitter

(8) Intercomparison for quality control of analysis

This work was performed by Japan Chemical Analysis Center ﬁnder contact with
Power Reactor and Nuclear Fuel Development Corporation.
PNC Liaison : Shuji Ishiguroe Director, Health and Safety Division
' Tokai Works, PNC.

¥ g Diréctor, Division of Research & Training, Japan Chemical Analysis Center
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#i-4  BEMERETYREES CEENIZIEREREM (mBa/e)

L

A 5 298+ 3 186% 3 632% 0.10 025 0.03
B 5 4+ 11
C 5 328+ 11
D 5 l4+ 5
E 5 342+ 11 248+ 7 723+ 054 040% 0.08
F 5 314 9 .
G 5 64l 015 027+ 0.01
H 5 290 9
I 4% 5+ 3 661 15 15+ 2
Ja 5 319+ 6
Jb 5 305+ 11
K 5 293+ 12
L 5 308+ 11 186+ 21 648+ 067 029+ 0.05 714+ 64
M 5 332+ 5 213% 17

A% syuew 309 6 198+ 8 6.49% 0.30 0.14% 0.08

Average 312+ 15 2064 26 659+ 037 027+ 0.1 688 26 15+ 2

RER, 74y boa+aREEERES L ShT
* IRERHA, PRalcon T, IREREERUT.
$EMAOEFIE, YosicownwToRE Y
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#4-5 BRERTYHOAMEBTE

Month TSrmBd/m%)*  'TCsmBg/my**¢  Csf%Sr  Residue (g/m?)

1990 Jan 49+ 0.3 15+4 3.0+ 08 14
Feb 8.2+24 154 1.8 107 2.0
Mar 175+ 1.0 65+6 3.7+ 04 52
Apr 212+1.0 3044 1402 3.0
May 109 £ 1.2 28+3 2.6+ 04 2.3
Jun 79+ 0.5 20+ 3 26405 19
Jul 239+ 47 2943 12£03 2.0
Aug 10.0 £ 1.5 25+4 25+05 3.9
Sep 9.1£09 162 1.8+03 2.8
Oct 75+4.0 11%2 14+08 14
Nov 6.7+0.8 17+£2 2.6 04 2.7
Dec 8.4 + 0.8 234 27£05 1.8

1991 Jan 73107 23+ 4 3.2%07 2.9
Feb 159+ 0.5 74 £ 4 47403 6.2
Mar 16.7 £ 0.4 38L4 23+0.3 2.6
Apr 26.1 £ 0.9 4314 1.6+ 0.2 55
May 2754+ 04 515 19£02 7.8
Jun 15208 335 22+04 4.4
Jul 83£0.2 23+5 2.7+07 3.8
Aug 4.7+ 04 1414 301 1.0 24
Sep 11.7+ 0.8 2443 20+£03 1.6
Oct 53+05 . 14t4 26+09 2.0
Nov 4.6+02 74 1.5+08 1.7
Dec 156+ 1.3 13+ 4 0.9+ 0.2 2.0

1992 Jan 44403 17+3 38108 2.0
Feb - 54102 14+3 26105 23
Mar 155+ 0.8 2644 1.7+ 03 3.6
Apr 285102 785 27£02 59
May 13.5 + 0.2 3613 27+0.2 4.5
Jun 9.6+ 0.6 1212 © 1302 2.3
Tul 14,1 £ 0.1 263 1.8+0.2 438
Aug 27+1.2 4343 19402 4.9
Sep 112405 316 2805 52
Oct 4001 13+4 33+ 1.1 2.1
Nov 6.9 + 0.3 8%3 12104 23
Dec 11.0 £ 0.4 15+ 4 14 £ 04 3.0

1993 Jan 9.9 1 0.7 15%3 1503 1.8
Feb 105 £ 0.3 1944 1.8+03 26
Mar 252+ 0.6 56+ 6 22+0.2 58
Apr 23.0+ 1.4 544 24402 42
May 215104 795 37+£03 4.2

- Jun 159+ 0.6 696 43104 2.5
Jul 11.1 £ 04 1x3 10103 29
Aug 121 £ 0.2 9+3 07 £0.2 27
Sep 8.0+ 04 10+3 12+ 04 28
Oct 5302 9+2 1.6+ 0.4 25
Nov 75+02 9%2 1203 2.1
Dec 3.910.7 712 1.9+ 0.6 1.7

: 1954 Jan 834

Feb 45+7

Mar 2+4

Apr - 40x5

May _ 406
Jun 19+3
Jul 315

Aug 14%3
Sep I1+3
Oct ) C2+7

Nov 9+2

Dec 9+ 4

. * Errors are from triplicated activity measurements.
**Errors arc from one Poisson standard deviation.
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#4-1 BEARMAOREBL (0-5cm) ONSr,""CsEBELEDH

Sampling place  Date  *Sr(mBg/gdry) 'Cs(mBg/g dry) 7Cs/°Sr

Tochigi 1990, Jul 15 + 0.40 45 £ 0.7 30+ 0.1
Kanagawa 1990, Jul 99+ 035 52 % 0.8 53+ 02
Gunma 1990, Oct 0.78 £ 0.074 34 £ 0.21 44+ 05
Chiba 1991, Mar 013+ 0.046 16 + 0.15 123+ 45
Ibaraki ' 1991, Mar 42 0.21 43 + 0.7 102+ 05
Tokyo 1691, Jun 051+ 0.10 38 + 0.24 75+ 1.5
Chiba 1991, Aug 020+ 0.043 26 % 0.18 130+ 29
Kanagawa 1991, Aug 50% 0.24 16 & 0.5 32+ 0.2
Gunma 1991, Aug 1.3+ 009 29+ 019 22+ 02
Average 4.1 52 19 21 6.8 4.1

Data are cited from Radioactivity Survey Data in Japan.
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Fig. 1. Monthly variations of caesium isotope concentrations in fallout and air at Dalat,
1986-91. (@) Cs-137 (————), Cs-134 (--------. } in fallout. (b) Cs-137 (———), Cs-134
N CEET TR ) in air. (c) Monthly precipitation.
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4.5 T b= L-241
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RIS NIV,

UPu i3, B (Emax = 20.8 keV,Ti,2. = 14.4y) 24 230DT, #hESHu
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Formation scheme of transuranium elements
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#4-8 REFO BV I UAROWEFER (1983418 BiE)

Estimated amounts of long-lived radionuclides

in the environment in January 1988

Content

Nucjides .( kg.) (Teq ) (+ch) Aﬁ&&;i?y B
¥ 270 170 46 1x10°2

129 57 0.4 0.01 3 %107

237 2000 52 1.4 4 x 1073

e A 890 20 7x00%
(3 x 107%)

2py 3400 7700 210

240p,, 680 5700 150 :}1

2Mpy 14 52000 1400 4

oy 32 4100 110 3 x 107"

"

*: Represents 16 kCi from SNAP-9A and 8 kCi from weapons

tests,

**: Value in the northern hemisphere.”




®4-) BHERCRESNG (TEMADHD) BY 5L TRRLE

Transuranium elements detected in the environment

Isotope Half-1ife  Mode of decay Eg(MeV)
237y 2,14 x 108 y o .788,4,771
23%p 2,36 d 8"

238p, 87.7 .y a .499,5.456
239p,, 24110y a .157,5.144
240p,, 6550 v o .168,5.124
2hlpy RUERY 8™

24Zp, 3,76 x 10° vy a .901,4.856
ZLHAm 433 vy a .486,5.443
242 pgy '16.0 h 8™, EC

242y 141 y 1T

2420, 163 d a .113,6.069
2430 28.5 vy a .785,5,741
28400 18,1y a .805,5,763

Data fram C.M Lederer,V.S.Shirley,Eds. Table of Isotopes,7 'Ed.,
J.Wiley & Scns,New York (1978).
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. o~ and B- spectra of chemical separated |
(extracted) plutonium in hot particle N217506.

B4-37 F N/ T A1) TEFKHEDhot particle DL - 55
LAzPu79 23 aricontTog(®lpyk ¢ - A2 MV YV

Quantuius ™,

-1 PuBEERELHCTORY VllEOE, BG B L U FOMD Hk

Performances for *'Pu on metal plate

counting,
Vial | Efficiency | Background | FOM
E) (B) (E"2/B)
CPM
3mi 9.5% 0.32 282
7 ml 15% 0.55 409
| 15 ml 16% 0.67 382
20 mi 18% 0.98 331




Pu - activity concentrations_in_dry lichen
pCi. kg™ .
104 1 1 1 1 I 1 ' 1 I 4 I 1 1 | i T T 1 1 1 T 1

_llll!ll

illlfll
N
]
+
lllllll

J
f

102 ]
‘;/1

) / r?M?W
+/ ' " Explosion yield

£ L - = 10MT

_ll lll ’l .l I II.l l ll“I 'Il Il ll Il II” ll llol-oo';-l:gglg}l‘
-60 62 -64 -66 -68 -70 -72 =74 ~76 Year
- The activity concentration of the various
plutonium isotopes found in lichen carpets collec-
ted at different places in Scandinavia during 1956~

1975. The uncertainty limits indicate 1 S.E.

R4-38 A% ¥ VU7 DA OHIRTHRI L 7-H %38 Lichen)?
Pu R &E B 0 EE{t .
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21py gpatial distribution 241py /238 240py _gctivity ratio
nCi-m™

100 —Cerer5var

- 03 2N
S0~ g 3-6

i > 6 T 0

. lI 1 ]_]_U ]
- 63 -85 '-g7'

| *'Pu’ activity concentration and
“'Pu/?***“py activity ratio in the different layers.
A (0-3 cm), B-(3-6 cm) and C (6 = 12 cm) of the ClI.
alpestris carpet sampled during 1966-1975. The
values before 1966 are averaged for the whole
lichen carpets. The uncertainty limits indicate 1
S.E. The delimited area is the **'Pu/?*****Pu ac-
tivity ratio in the fallout of the 1961-1962 nuclear
| weapons tests.

R4-39 HEABEOLE TD 241py g & 241py239.240py fritk DR




#4-12 wBEL,

o4 0) 239.240py i & 241p,239,240py, sisp it

(B> > BEUBE 2 Am WRiko ek

WH Rie  RWEAE | OV OPURE T P Uy IR TR

B W% R 24 ARl %

&R S, 39,1110 9% 3 12.0%2,0 12.4%2.0
(Si5687) 86, 3.17 19614 7.940,2 8. 41, 4
e 48,11, 1 128 8 6. 520, 3 8,91, 4
. 49,11, 6 9t 7 73403 7.4£1.3
| 51,11.17 15910 6.6£0.3  T.9%1.2
+ 52, 7.20 1534 8 6. 120, 3 §.5%1.2
53, 4.19 103% 6 5.7£0.3 - 65£1.0
57,10, 21 95+ 5 5,540, 2 -
| - 6110, 2 86£ ¢ 3.7£0.2
EEE 60, 4,25 36 2 .3,9%0,3
(BEH 6. 423 58+ 3 3.9%0.3
; 53, 11,26 - 305 5,320, 1 5.4%0.6
z e 60. 10, 27 330£14 42401
+ 57, 7.13 235 21 5,340, 1
g i 61, 7.18 181 12 £.0£0, |

¥ 1 EREURESHCELE ... .

logR=1, 11—2, 09X 10-2 (t~1962)

R
241py 2.
/
239,
240py 45
5
5
e s
oo
’ .3
-
1ty
1960

L) L ¥ 'l LA ] L) T l L) v ¥ ¥ [ L) T ¥ L3 1 L T ) L) ' 1 ¥ L) ¥

1963 19vo 19?8 1980 t9es t

FE

B4-40 EELB L OUBETICOVT o 241py/239,240p, rstas i o iR 2L




R4-13 BFE, K F7 50 239240py e i 1 or 241py239.240py Hretee i

HH o ERies RREAR 335.240P WRME MU P U BIN0D gpasYRELL" !
(pCiskgsE) TR Rl REE 24 AmlE %

i WIFH 5.50. 6.24 .62£0,08 8.2+0,3
53. 9. 3 1, 730, 07 10, 40, 5
= 54,11, 4 0. 410,03 9,6+1.9
56, 11, 6 0. 39:£0, 03 14,8547
60, 4. 26 0,050,006 -
(B8%) : (pCi/m?) -
i BHH 53, 35 79140, 34 12,0%1.6
- 53,45 2,600, 14 12,61, 6
" 53,12 A 1, 1040, 05 10,2%1.5
54,28 2. 1140, 10 - 1,040, 9
T (pCi/kgZE)
g' WK §1. 6.12 1,030, 09 4, 440,78
% ) 61 6. 11 1. 00:£0, 03 4,221, 02

1+ BOEHRROFICIRE L 1@

*

B4l F ) T4 ) REBHIGERM T OP RS X TR

Eit*f‘[ ?:TEERRHﬁEﬁ 239*240Pu . 236pu/ 238024ppu ZQIPUI 33’0240Pu
(pCi/m?) :
BH S.61,4 ~6 0.13 0,02 0. 18 £0, 07
%ﬁm . 71~5623 0.21 %0.02 0,05 £0.02
n ,
fETFih S.61.5 0,10 0. 02 0. 24 x0.07
HRLES S.60.4 ‘ -
fET1Y ~5.62.3 0,20 £0.01 0.11 %0, 02 18 £ 2
Ligx - §,§1.52 : {(pCi/m?)
IFEECA ~ 86 (B. 21, 1)XI10-7 0,28 £0.07
{(pCiskg &) '
VAE - 8.62.2.21 0.04 0. 004 0.09 +9.03 14 £ 4

¥ EKHEHRAO S S TR etiiTHh s,



#4-15 F T 7D TERIL 724855 O hot particle ' DPu R & iy

- Plutonium isotopes activities in some of the hot
particles collected from the soil samples, recalculated at
accidental moment (April 26, 1986), Bq

N mPu | 238Pu+239Pu+240Pu Blo. ]
1 110.4 2.0 54,7
2 | 1041.0 18.2 57.0
3 0.85 0.02 56.2
4 484.1 8.4 57.3
5 19.5 0.26 73.1
6 43.8 0.71 61.1
7 183.3 2.9 62.5
' Average 60.2

B416 %27 ELCREL ZHEM T Oy MR EDRIE (19865 TOME) |
Plutonium isotope activities in 1986 grown plant ash samples,

Bakg). |
N |  Sample Date oy | 252, | Bla
435 | leaves 03.05.86- | 5312 130.5 40.7
438 | grass 03.05.86 | 4585 136.0 | 33.7
3299 | pine - 25.07.86 206 16.1 12.8
3300 | leaves (lime 28.07.86 | 1768 40.6 43.6
- tree) <
3306 | grass . 28.07.86 387 10.4 37.3
3476 | pine 11.08.86 | 1015 89.5 17.9
3580 | leaves (lime 26.08.86 | 2614 255.5 10.2
tree)
Average | 28.0




DETERMINATION OF Pu-241

[sserce |

Hracers{ 242py 243,y )
wet ashing
fittration

[ |

sotutlon sofid resldue

caprecipitation with
CaCPy

iy |
precipliate -
eatcination Bquid
dissoution inta 8 84 HNO;
copeecipitztion with Fe(GH), discanded

tquid precipliate

dissalution [nto 8 M HNG;

7 Sepération of *'Pu from peat and lichen samples.
B4-41 ¥— b3 X CHRFLichen)d 5 © 241pu 58 - 5

—— wash with 8 R HNG, determination of
anfon Amand Cm
exchange
DOWEX-1X4 .

e[ |
ekﬁ!onwﬂheonc.m-&‘lﬂmg

evapotationta dryness

dlssot.rﬂonlﬂlnsmloﬂﬂﬂHOs

division inte two fractions
+ 50 gy of Nd cartler
coprecipitation trith KdFy + 50 g of Nd carvier
collection ont & memibrana fiker evaporation to dryness
. dissokrtion Inta 2 mt of 0.1 MHCE
18ml HiSato 2
alpha . + OptiPhase :
spectrometric fiquid
measurement scirtiftaiton
counting

repeated whh pest samplas

030

0.257 sample: t = 593 min
background: t = 888 min

0204

eprn/channe!
o
g

0.107 sample
| backgroand |
0.05-
Q.00 T T T v
channel

Liquid scintillation spectra of plutonium and back-

ground.

B4-42 | (Quantulus 1220) | & APu 3 L U'BG
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F4-17  WRIEO 24Py BUTEBILEE (1986485 5)

Table I, The *#'Pu activity concentrations in lichen (Bq kg~' dry welght and Bq m~2) 1 May 1986. The error indicated is the combined
1 & counting error from fiquid scintillation counting and a specirometry, The letters L and U before the sample number indicate lower
and upper parts of the lichen and the letter K Indicmps litter separated from the sample

Sample Location Hipy py Hipy

No./year °N, °E Bqkg™ Bgm™ wI2apy
L401/87 Huittinen 10.6+ 0.9 65+ 0.6 4% 9
U401/87 61.2, 22.8 40.6% 1.5 4 =2 _80%20
LA14/87 Kalanti 121 =3 77 %2 8% 7
Ud14/87 60.8, 21.5 9% =+ 3 78 % 3 115£15
L421/87 Sotkemo - 88 + 3 45.1% 1.4 75% 6
U421/87 64.0, 28.8 118 + 4 90 * 3 92+ 6
10/87 Inari <14 . <2

69.1, 27.1 :

L430/88 Huittinen 84 %5 45 + 3 90 6
U439/88 612, 22.8 19 £2 13.4% 13 9812
1434/88 Kalanti 168 %10 48 =3 80% 6
U434/88 60.8, 21.5 204 *11 88 * 5 89% 7
K434/88 82 * 6 148 *12 7% 4

R Fxns 74 ERBEHES S0 241py239240p, ety 241py winE
B L2059 12B1F 2 241 An239.240p, etk oiese

No. Location #ipy S Py Bg m™? 1 AM(2059)
Beaspy from Chernoby! amaspy
10 Kankaanpii 55 x4 0,968 412 *22 1.90
11 Kankaanpiy - 72 =3 0.986 150 =13 241
15 Punkalaidun 35 +9 0.926 42 *11 1.32 !
16 Koylis 194+ 14 0.829 197 =14 0.84
18 Loimaan milk 46 =10 0.953 49 *#10 ° 162
19 Janakkala 9.4 05 " 0.59% 23 2 0.54
20 Riihim#k} 47 =7 0.955 27 £3 1.66
21 Hankasalmi 9.7+ 0.7 0.612 20 %2 0.55
22 Leivonmiiki 3.9% 04 0.0 0.38
25 Viitasaari 48 x5 0.958 134 *13 1.70
26 Pihtipudas 47 * 4 0.956 187 =1 1.67
37 Juva 44+ 0.3 0.096 1.7+ 1.1 0.40
40 Joutseno 11.8% 0.9 0.689 85+ 0.9 0.61
41 Rautjirvi 3.8+ 03 0.0 : 0.38
42 Punkahatju 3.8% 02 0.0 0.38
44 Taipalsaari 49+ 0.8 0.195 1.6 1.4 ‘0.41
45 Valkeala 114£ 1.1 0.679 51 £ 6 0.61
46 Hauvkivuori 150+ 11 0.765 139+ 1.2 0.71
47 Mikkelin mik 4.9% 0.5 0.1%0 3 =2 o4
51 Tuupovaara 3.9+ 1.1 0.0 0.38
52 Pyhiiselks 4.6% 0.9 0.142 2 3 0.40
54 Rautavaara : 21 =3 0.843 84 =12 0.88
56 Suonenjoki 82 =11 0.993 42 *® 5 2.70
57 Pielavesi 23 3 0.864 140 *20 0.95
60 Kiuruvesi 53 £ 6 0965 - 240 *=20 1.84
61 Kiuruvesi 141 11 0747 82 = 8§ 0.68
62 Kivruvesi 28.1% 1.0 0.895 144 % 5 1,10
64 Sonkajirvi 34 x3 0.921 250 20 1.27
635 [lomantsi 49+ 04 0.198. 5 2 0.41
95 Vimpeli 122+ 0.7 0.701 23 £ 2 0.63
99 Jalasjiirvi 37 =3 0.931 A7 =11 1.36
100 Periseinijoki 59 x4 0.973 110 £ 7 2.00
110 Kéylit 22 =3 0.855 79 =11 ‘ 0.92
11 Loimaa 4.6% 0.7 0143 14% 14 0.40
135 Kerimiki ’ 5.0x 0.2 0.215 6.4% 1.4 0.42
136 Mikkelin mik 4.6+ 0.3 0.143 2.5 1.1 0.40
140 Licksa 45 0.5 0.125 10 =9 0.40
143 Valtimo 33 =3 0.918 350 *30 1.25
144 Rautavaara 5 10 0.923 350 =90 1.29
148 Pielavesi 227x 1.5 0.860 227 15 0.94
149 Keitele 40 = 3 0.939 156 =*12 1.45
152 Keitele 262+ 1.3 0.885 109 * 6 1.04
168 Kauhava 6.9+ 0.4 0.436 27 * 4 047
20 Kitee 4.6% 0.5 0.144 1.4% 11 . 0.40
202 Lieksa 4,0+ 0.7 0.0 0.39
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#4-19 IR BETORMP 7 —Cizovt o 23Np B & Ubu R i

Activities of 37Np and Pu isotopes ( 238Py, 239.240Py and 241Pu } in Irish Sea sediment core (%

Depth : Concentration

. Np-237 Pu-238 Pu-239,240 Pu-241
(em) (Bg/kg) (Bg/m? ) (Bg/g) . (Bq/g) (Bg/g)
0 -1 99 *+ 04 89 & 3 028 .+ 001 139 = 005 339 + 20
1 - 2 103 = 03 100 + 3 034 % 002 L55 = 0.06 33.0 = L1
2 -3 88 = 03 % - 3 038 = 004 164 + 0.13 205 & IS5
3 - 4 53 £+ 01 42 x 1 046 £ 0.02 197 = 0.07 435 = 1.0 -
4 - 5 50 = 02 51 = 2 058 = 003 245 % 009 575 £ 16
5 -6 62 + 02 58 = 2 064 = 004 29 = 015 656 % 15
6 - 7 78 = 03 70 0+ 3 124 & 005 552 £ 016 133.1 = 25
7 - 8 113 = 04 112+ 4 141 £ 006 58 % 019 1357 + 32
8 - 9 114 £ 04 127 £ 5 173 = 0.14 753 £ 047 173.1 & 46
9 - 10 I31 £ 03 I1s8 = 4 199 + 014 948 = (.53 244 £ 5.6
10 - 1 126 £ 035 119 + 4 198 = 015 957 £ 056 17901 £ 43
il - 12 47 % 02 51 = 2 205 £ 015 9.00 £ 047 1568 & 47 -
12 - 13 37 £ 02 43 x 2 215 £+ 0.1 998 + 048 1942 + 45
13 - 14 i £ 0l 32 =+ i 246 % 0.4 1089 £ 048 1735 £ 47
14 - 15 3.1 = 0Ol 40 2 143 = 011 958 % 048 1050 =+ 3.1
15 - 16 20 ol 23 1+ 1 04 * 005 617 £ 029 379 + I3
16 - 17 16 * 0.1 16 # 1 0.14 = 001 247 %+ 009 232 £ 05
17 - 18 070 = 004 84 £ 05 0.074 + 0.004 148 % 0.03 729 + 022
18 - 19 0.19 + 0.03 19 = 03 0.027 £ 0,003 102 £ 003 259 & 0.08
19 - 20 016 = 002 15 + 02 0017 £ 0.002 087 + 004 229 + 0.08
20 - 2] 032 = 0.02 48 & 03 0.008 = 0.001 047 £ 001 093 = 003

The error shows one standard deviation of counting statistics. The 238Pu and 24!Pu values were corrected for decay to the
date of sampling. :

#£4-20 ZAZETOHEY 27— CloownTOREREL

Activity ratios of 237Np/239240py, 238py/239,240py, 241py/239.%40py and 241Pw/Pu(cr)

in Irish Sea sediment core (C). : E I
Depth : ' Activity ratio :
(em) Np-237 109 Pu-238 Pu-241 Pu-241

Pu-239,240 Pu-239,240 Pu-239,240 " Pu(c)

0 -1 713 % 0360 02001 % 0011 2435 .+ 139 2027 + 165
1 -2 664 + 032 0222 * 0016 2127 % 092 1740 * 136
2 - 3 539 % 047 0233 + 0032 1800 + 1.39 1460 * 215
3 - 4 266 £ 012 0232 + 0014 2202 £ 075 . 1788 + 113
4 - 5 204+ 011 0238 + 0015 2343 + 089 1893 + 130
5 - 6 211 %+ 012 0218 + 0018 22.15 & 1.0l 1819 £ 155
6 - 7 141 = 007 0224 0011 2411 + 069 1969 + 1.4
7 - 8 193 + 009 0240 . 0.013 2316 + 075 1868 + 1.09
8 - 9 151 + 0.1 0.230 * 0.023 2298 & 126 1869 + 1.93
9 - 10 138 + 008 0210 + 0.019 2367 £ 119 1957 % 181
10 -1 132 £ 009 0207 + 0020 1871 + 098 1551 + 152
1 - 12 052 £ 0,03 0228 + 0020. 1742 * 085 M419 = 1.32
12 - 13 037 "% 002 0.216 "+ 0018 _ 1946 .+ 085 1600 * 1.36
13 -. 14 029 + 002 0225 = 0016 1593 + 067 13.00 £ 101
14 - 15 032 * 002 0150 =+ 0.014 1096 '+ 055 953 % 093
15 - 16 033 £+ 002 0079 + 0.009 938 1 046 869 + 103
16 - 17 065 + 004 0.056 =+ 0.004 939 % 037 889 % 074
17 - 18 048 + 003 0050 + 0.003 494 + 017 470 = 032
18 - 19 019 + 003 0.027 + 0.003 254 & 0.1 247 % 026
19 - 20 0.19 % 002 0.020 + 0.003 265 + 014 260 + 036
20 - 21 069 + - 0.05 0018 = 0.002 200 £ 0.09 1% % 025

The error shows one standard deviation of counting statistics.
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BE. —BREDT Cn FEEERIET 5 I LEIBDTRETS 5, QEAEDET
HEETNEHKAECn(T,2=18.1 v, a). 243CIll(Tl/_z=28.5 v a, EC). ***Cu(T: .
=162.8 d, a) THb, INOOBKREIT. KBHEC U, PuDPHEFREICEK - THER
FBH% KRS hn 0Py BEREATENOTEDIEE A LD LT LE -
T %, 1960FEROBLBRNE { FTbNIHED Cu FLEDEL Boln 5ic & > THA-
ITRT XS IEHMEIRTVAEY , 1961~ 1972 FEEDILERD Lichen (ZHH) &
ROWHENA 0o (3. BRETEERLT?®® 24Py @ 0,003% BBETH B, **Cn kco>W\T
\&~ Unsupported ***Cn &EBBEADE V22 An(T, =141y, IT) H5%4 %40 2B THR
9" %5Supported® *CoiFEET S (R4-45) o - T?*%Cn 2 ERICHES 5 B3
e EET A I EANEREL S, BEIASD (n FAHKR. SREEOHEREY
B OV BAERKBICBV T, £oMiEoT TRLBVHETEENTED., B
HIRITS a B A | BT RN S 2 A TEHER STV 3,

4.6.1 [LESEE- aBARZ boAt by —

“4Cm, *1%Cm, *'7Co 3 TNT a BBEHAS DT, BIEIILSRE - BEBE a i xR
7 bR M) —REBEROWFEHE I FETTONS, {LRNRBEERD b L —H
=IZiE CoEEFHHLTVE S MmEROVTWBEEIANBH B, ISR U An 4M7k
T Cn & An DMEFESEE - BB, BED TR C{LERBEHEM S 2 &4% Yanato® 12
K-> THERESINTO S, Yanamoto 5 ik, 1 F Y AD Sellafield HAKIELETE M
SDOBMEREKR THERINTWVWS IrishiBic B TREERYIHhO (o RMEE Lo
FHEERAWTRARLIZCEERE L TOVS, ZOB, *An LILDEEICESVOT.
An b L —Y-ERMNESNC Yanato DA GREREWTR : TSI AET A Y
YU LDOZRGE) T An ZLESEE - BRIL, BEELTaARZ bt by —%
fiofe (B4-46) o« ZDRARY FLPIRCn &2440n A STEERED a iRy |
WERIIFA-ATIOR U foo BBHERHDIRY P SbhB L5102 4Cn &243Co (2.
ARIFZNVF—HESE L TOB I HRFRARETH B0 E2 P D LRLF—DEL
affhs it LED L HIOEEDARY M bbhb. SEO IrishBORE
KBV TIE, —E*Cn &*%0n A7 MAPERSTHHEL TARINTVWEDT




P00 DFSRMETELCOVDIMOEEZ, 20/ An & 2*°Co/> " 'An  FRGTHEE
hEEFHEE L, 20k, BROLEERHAV, A0 % b L—H—& LTRARB -
“UAn REE FIEOBSREICE LT '0n &0 OHEHEERD I, COHEIE—
RAMICRA B0 (o An ORMESEEERLL THRORIANS 2, Cod An D
SEECIE. B, FER. WAB. FU 2B, a— b FodUlb( VEER. EDTA
BEOFRBROEENEICHEMEINE, /T ALND,), BKEEWTORA 4 Va5
WEN T L CORESLREIN TV B,

4.6.2  RIEH

REEPEEBDN 5D 7 4 — VT o Cn FRHADRIEIC > TIE R L izHoln
5" PI#HT Bowen and Livingston® 4 Schneider and Livingston® DA% %75,
BIE Cn FNESHEMERICIETE 3 70—V R, F2)0) 74V ESSE L
BERGRMIRE LA F Y ADEF 7 4 — )L FEMABELET IS & OMEHEEE T5
RENTVBTAY » ¥ 2 BOREIEMIRTH B,

(@ F=xl/ 74 FFREK

Fzlb) 74 YERERNSD T +— T 7 ehic Hot Particle 25T 3 = &
MRVHENTES, Broda 5% {1 oD Hot Particle 10 a EiEHAL S5
FEREDSI IR Z AWV TIIE Lice ARY PABIERA-48IC, MEREER4-21&
FRA-221R T

b)) TAV vy aig

Yamamoto 5 {3, EITIZ/RT T4 U v & 2 BOHRMIc ST 1440 BLo
En ZRE LI, 1978 FELETH 3%, £ 74— FEAETENASD o [
NAEDERBBENRI-2BICRT & S IKHEIh TV 3,
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The ratio of the activity concentrations -of *Cm

(WimAm) (A), Cm, (Q), ¥%Pu (8) and *Am () to
W 20py in lichen samples collected during 1961-72. The.ratio
is given in 2 on the right ordinate.
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Decay of Cm-244/Am-241 and Cm-242/Am-241 activity ratios in

. sediment from Esk Estuary, Irish Sea,UK
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Sample (Sediment,blological material,
. seawater,filter etc)
Leaching or coprecipitation

8H_HN0a Solution
Y2 ames 20 ey
3 8MHCI (20 C.V))
ﬁwwme—mMHRﬂuewm&~50%)

I "Anion exchanger | B

1 4

Au-fraction«-—-———————--—‘—ﬂ l LT
1,2, 3 |

(Th) eilgﬁrg_amg

o —spectrometry for Pu

3” !I(;ll §O|| .
iop exchapger 1)
Anion exchanger
H 4N oln. 1) BIORAD 1X8, 100~200 mesh~10m!
‘ | fiow ratei~Inml/min.
Anion exchanger 1) 2) BIORAD 1X4, 100—200 mesh~8ml
| fiow ratei~0.4ml/min/cme
14 HNOs —06% MeOH soln.
1
2 1M HNO3 —96X MeOH (3 C.V.)
0.1 HCT—0.5M NHASCN—80F HeOH~HO (7~15 C.V.)
4

———1M HNO3—96% MeOH (4 C.V.)
' |§—1.§5 HC1 —86% MeQH:elute (8 C.V.)

¥ ¥ v

| _Anion exchanger] 2

|
i~4 electroeplate
(discard) |
o —-spectrometry for Am.Cm
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Alpha-ray energy (MeV)

Alpha-ray spectra of (A) purified Cm (Am) fraction from the sediment
sample from Irish Sea and (B) Cm-234,244 standard solution -

R4-47 TA) v Y2 BOBREERD ICOVTOC RIS v a v B
2042430 fmse e o g AN S N L




500 235, 20p,, 203,200
22,
5 J200
218
1000 Pu 5
w Jioo
+ 500
c
A2 %0 1
> cm 2320, l—- 265,
o A l
o A )
o
4200
2001 2. G
i 2020
100F Jiao
i 2432 ‘ -
Y : P, JJL o~ o ~10
200}
242 1400
3 cm 7
u_m- : 4200
220q,
26p, "
100 8
2 m Jioo
50 2304,
238y F 220, .
82, | 2IEE_U u l— 2151;0
L. 1 i 1 1 3 | 1 1 L i 1
& 5 6 E fMeY} & 5 6 E (Mev}

", -.. Examples of alpha spectra obtained [rom subsequent electroplatings of radioactive material of particle M22, Each spectrum
is the sum of several measurements performed between December 1987 and May 1988. Figure illustrates qualitatively the observed
variation of relative actinide yields. Bxact quantitative resulis are shown in Fig. 5, and in Table 5.

B4-48 Fx V) T A VIR REHEE Dhot particle D a ALY bV




N_¥§

N §§

HHEEOGRHFHEEHNCLY T A ) L 6r-TR

Mt MY M,S

M9
T I LI ’
%
(7
" TS £S Qn,./
¥S s ~
S8 Aﬁ@,w, \
- 2 \
\ \
Axengysg _ ay, \ \
0 N\
156 STqqTy 0y /M@W USTIL /z \
N \ \
N
L \
0Ls /\ e EUNQM: Q
- \
5o Y Arenysg \
zZis r1s¥ gis N EECS \
LiSegL s . \
5 91s !
jue]q Buisssooiday \ /
[ond Jesjonn . piatiejieg /

{




®4-21 Fx v/ A NVIRFEEEEDhot particle DRI ERE R

" Numerical results of high resolution analysis of alpha activities in hot particles

Parl I.44Ce 119.140Pu ZJBPu’24IAm 242Cm N 243.244Cm 138U " 230Th

COdC 141Ce“ H-lce 139.340Pu 239.140Pu ’ 239.240Pu 239.240pu 239.240Pu

name (1674 (107%
core 0.571 6.4 ~1 12.2 - 0.12
inv, 9
HS2 0.175(4) 2.8(7) - - - - -
M4 0.190(2) 12 (8) 0.08(2) 0.08(3) - - -
M2 0.38(3) 5 (D 0.2 (1) 1.0 (3) - - —

0.66(4) 5.3(7) 1.2 (4) 2.5 (8) - - -

HS9 0.513(6) 2.5(1) 0.21(1) 2.1 (1) - - -
M20 0.533(11) 4.1{2) 0.19(1) 0.22(3) 0.030(5) - -
M30 0.553(17) 5.5(3) 0.45(3) 6.9 (3) 0.04 - -
HS14 0.632(5) 4.1(2) 0.67(7) 1t 1 0.09 (3) <5 0.46(8)
HS12 0.688(7) 14 (1) 0.92(5) 29 (1) 0.21 (2) - -
M3 0.709(12) 8.2(3) . 0.72(5) 16 (1) - - -
KO 0.720(15) 6.5(2) 1.28(2) 204 (2) 0.274(6) 7.0(3) < 0.005
M1 0.722(28) 5.6(7 0.9 (2) 25 (%) 0.13 (8) - 0.13(7)
M22 0.735(7) . 1.07(2) 12.5 (2) 0.86 (1) 4,1(4) 0.25(1)
Mi2 0.750(8) 5.3(3) 1.06(3) 23 0.16 (1) <3 <0.03
HS? 0.756(17) 3.0(1) 14 (1) 41 (3) 0.46 (4) <2 0.21(4)
Mi13 0.781(29) 4.8(4) 0.72(9} 2 3 0.25 (5) <4 0.30(6)
M4 0.781(12) 5.4(2) 0.80(3) 2 ) 0.1 (2) <2 < (.02

** As determined [rom gamma measurement in Ref. [2).
 Corrected for T,z = 162.8 day decay 1o 26 April 1986,
! Taken as average from the 2*8U, 24U aclivity.

“ On April 26, 1986. The 2**U activity calculated from information contained in Ref. [11]. |

#4-22

Fx V) T4 N EEEEHREE Dhot particle DT 7 F = NHLEL

- Composition of actinides established in particle M22.
Properly normalized and decay corrected data of entire analyses
were employed. The 2°%Pu and 2*'Am activities were resolved
assuming that no americium was electroplated in the first
sample. The ?*'Pu activity was deduced from the observed

growth of the 2*! Am daughter activity

Radio- Activity relative® Mass relative
isotope to 2*°Pu and 24°Py to ?*°Pu
- and 24°Pu
Particle M22  Core inventory
[11]

239.240Pu 1 i { b)
I38py 0.67 (3) 0.49 43x1073
241py 102 (15) 83 f.1x 10!
241 Am 0.40 (2) - 1.3%x10°2
243.2440Cm 0.86 (3) - 1.4x 1073
242Cm 12.5 (3) - 122 40x107*
38y . 0.046(2) 0.0012 1.5x 10%
34y 0.037 — 6.5x107
230Th 0.25 (1) - 1.4
232Th 0.023(3) - 2.3x10*

3 As determined for 26 April 1986.
* Contribution of Pu isotopes taken from core inventory, for
Cm isotopes assumed as 50% each.
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Reported annual discharges (TBq/y) for transuranium
elements and_137Cs from BNFL Sellafield

T T T e e e e e T e e T e e S e e e = e A ! e . s o 4 — =

Discharges (TBa/y)
Year 237np  238p, 239,280p, py aipha 241p, 241a 242Gy 343,34dg, 137q

...___...____.__.......___...._._.__........____......_.._..__..__...................,..__................__........._.......__................__..____

1960 2.9 34
1961 3.8 40
1962 6.9 41
1963 8.6 . 14
1964 10.1 104
1965 10.6 110
1966 10.6 181
1967 18.2 - 150
1968 30.6 21.3 372
1969 30.2 14,7 444
1970 35 20 1160
1971 42 ' 38 : 1330
1972 57 1900 80 1290
1973 66 2760 110 769
1974 46 1710 120 4070
1975 _ 44 1820 36 5240
1976 | 47 1300 12 4290
1977 36 980 3.7 4480
1978 0.59 12 46 58 1780 7.9  0.56 0.33 4090
1979  0.33 12 37 49 1500 7.9 0.37 0.15 2570
1980  0.67 6.9 20 27 728  B.3 0.33 . 0.19 2970
1981 0.41 5 15 20 600 8.8 0.19 0.11 2360
1982 0.30 4.7 16 21 485 6.4 0.28 0.14 2000
1983 0.30 2.9 8.7 12 331 2.2 0.4 0.1 1200
1984 0.3 2.6 8.3 10.9 345 2.3 0.1 0.1 434
1985 0.2 3.4 81 1.6 <0, 1 <0.1 325
1986 0.4 2.7 63 1.3 0.1 <0, 1 17.9
1987  0.23 1.3 31.9 0.65 0.11 0.04 11.8
1988  0.28 1.4 36.1 0.75 0.06 0.01 13.3
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Consentrations of 237Np, 239'240Pu, 241Am, 243'244Cm
and 137Cs in the sediments from Irish Sea

==::================BEEB===§=B=B===l‘=ﬂﬂﬂ====uﬂ==ﬂ==a======8=EEEEBEHL‘-UB

Concentration(Bq/kg.dry)

Site
No. 237y, 239,240p, 28, 243,244, % 137¢g
s1 0.10/.01™ 31.9/1.6 33.2/2.4 NA 207/5
82 0.19/.03 - 46.0/3.2 68.8/5.3 " 317/7
s3 NATEE 2.3/0.2 2.7/0.2 " 65/3
s4 0.24/.03 113/8 141/9 0.31/.03 584/13
S5 0.23/.02 87.9/4.8 157/7 0.39/.08 623/14
56 0.12/.01 51.5/2.7 82.4/7.3 NA 456/11
57 5.95/.30 179/11 254/14 " 920/19
s8 12.13/.44 140/7 195/15 " 673/14
89 0.66/.05 264/12 377/21 1.06/.13 1253/27 -
510 0.15/.01 60.9/3.1 102/7 NA 365/8
s 0.07/.01 28.4/1.4 36.9/3.9 " 378/8
812 0.22/.02 89.7/4.6 " 132/8 " 635/13
813 0.09/.01  35.6/2.0 51.4/3.6 "o 308/7
514 0.29/.03 162/8.4 256/18 0.72/.09 422/10
$15 2.64/.23 694/36 1194/62 3.46/.40 1806/36
516 4.52/.36 1804/86 2230/110 7.14/.76 1809/38
517 3.26/.30 1419/57 2290/120 5.95/.75 1734/38%
S18 3.60/.29 1010/34 1181/37 3.31/.37 774/19
S19 0.16/.01 59.9/3.5 81.0/5.0  NA 509/11
20 NA £ 12.4/0.7  12.9/0.5 " 147/4
s21 0.16/.02 86.0/3.7 127/8 0.50/0.05 643/14
s22 0.21/.02 70,5/3.8 - 109/7 NA 211/5
s23 0.40/.04 133/5.4 230/15 " 356/8
S24 0.32/.03 101/4.7 168/9 0.,49/.06 394/8

T S e e e e B WP R Mt e G e At W WS b h A o e b e e by ol b e e Al o ke e e ek e A s N N A TS T W W M ST T M T = A T e

*; decay corrected to the sampling date.
*%: The number after slash denotes the propagated counting error of
one sigma: 0.1b/.01 = 0,10 + 0.01 ,
*%%; NA = not analysed.
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