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A current survey of radioanalytical methods for long-lived radionuclides

in environment
T. HASHIMOTO*

Abstract

A literature survey on the radioanalytical methods was carried out for the
long-lived radionuclides related to environmental samples. This survey is
intended to include the mostly recent analytical techniques of concerning
nuclides such as an inductively coupled plasma and an accelerator mass-
spectrometric technique as well as some familliar radioanalytaical methods, in
which radioactivity was finally determined. The contents in this volume will be
helpful for the practical analysts of environmental radionuclides because of
involving the pretreatment techniques of some samples prior to the chemical

procedure for each nuclide.

Work performed by Nuclear Safety Technology Center under contract with Power
Reactor and Nuclear Fuel Development Corporation.
PNC Liaison ----- Naoyuki SAKURAI Health and Safety Division

Tokai Works, PNC. Director

* Professor, Faculty of Science, Niigata University
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~ Type/Author Specification
Detector Type | Anti-Coin or Institution or BKG Energy Effic. Other Remarks
Coine, Counter Company for Tc-99 | Resoln, | for Te-99
GM Counter | GM Counter ? LB 5100 «<0.5 cpm No Expensive
Antl-Coln Tennelec, USA _
GM Counter GM-25-5 <0.3 cpm No 42%7 Chesp
Anti-Coin Riso,Denmark | 0.15cpm
GM Counter | Plastic Scinti.- Pico-Beta <0.3cpm No <10% Expensive
Anti-Coin Fuji Electric Co, ' '
Plastic Scint. GM-Coin 0.12cpm | <100keV | <5% Log-Amp.
at 624keV Gain stabiliy{X )
Proportional | GM Counter? Bemn Univ., 0.124cpm | <30keV? high Underground
Counter Anti-Coin Swiss (100cc Det) T0m.w.e
Lig. Scinti. Liq.Scint, LK3B Co.,, 0.9¢cpm | 50keV? | 70-80% | 20ml Special Vial
Special Circuit Sweden for C-14 Log-Amp.
Plastic Scint. | LSC-LB-1,-2,-3 | 2.5cpm | SOkeV? | 70-80% 20ml Vial
Aloka Co.Japan | forC-14 up to 100mi
Si-Detector Si-Detector | Chwaszczewskn | 0.26cpm/ | SkeV 40%7 | Noise level 20keV
JIABEA-SM 87/64| emA2 at § deg.
GM-Counter Johnsen OScph/em2| 30keV? 30%? | Noise level 90keV
IAEA SM 87/4 |150-400keV
No Holm et al.
[ABA SM252/6
Nal(T!) Anti, Komura et al. 0.13cpm | 18keV 14% | Nois¢ level 40keV
LLRL Kanazawa
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BINp 88 & (mBg/kgi)

it £
ICP-MSHE: NAAB: afB AN bosb)—
BEEE A5
13.0 % 0.4 13.4 £ 0.7 —
(19874 EX)
il (FBF ) i
il (fEFR) 13.7+£0.5 | 132+1.9 | 11.8+3.7
(1983 HR)
b =g (0.89 £ 0.04) | (1.0x0.1) | (0.9%0.1)
(19764F %) % 103 x 103 x 103
Ravenglass (2.2 +0.1) (2.7 +£0.2) (2.5 0.1}
w1 %103 %103 x 103
Ravenglass (6.1 £0.1) (6.3£0.4 (6.4 +0.3)
LR 2 x 103 X 103 x10°

* ABEHEEARE X7 oA b)) =ik 3iESN THEMD
EEEDT3#{36.2+0.1Bqg/kg



#4.6. 2 EEMBEHEERICH L TORERE [CP-MS TORERA
URERE, A4 BEEIER 1077, No 77598 5cps. BEEYHOD
B : 00s , 7AMEEA : 0.5mf/ mb)

Half life/ Decay const./
-1

Detection limit

Nuclide

: yeat ; (Bg/ml) (pg/ml)
Tc-99 2.1X10° [.IX1078 1.0X10™ 0.16
Th-232 [.4X101 1.6Xx107!8 1.5X107° 0.37
Np-237 2.1X10° [.IXx10714 1.0X107° 0.38
U-238 4.5X10° 4.9X10718 4.7X107° 0.38
Pu-239 2.4X101 9.2x1071? 8.9x10™ 0.38




F+d. 6. 3 HHEEAIELT BT X754 —~2HOEBA0 [CP-MS AIED &%

Comparison of ETV with Liquid nebulisation

Method Np-237 Pu-239 Pu-240 240py, /2%py
(pe/e) (pg/g) (pg/e)
ETV 77 27 | 250 + 36 | 65 + 17 0.26 + 0.03
Liquid 104 =15 | 210+ 6 | 46 =+ 4 0.219 + 0.009
Nebulisation

Comparison of ICP-MS with a-spectrometry

Method 238+239py (Bq/p)
ETV ICP-MS 1.11 + 033
Liquid Nebulisation 0.86 + 0.04
a-Spectrometry 0.860 = 0.004




#4.6. 4 EHOGHEHEERICH L COZEEE! HR-ICP-MS TORERRE & #RHERA

Table 2 Sensitivity and detection limits for long-lived radionuclides in HR-ICP-MS. Conversions of the mass and the activity are as [ollows: e
(qug mi™!, 0.64 mBq mI™"); 2Ra (ipg mi~', 37 mBq m1™); 22T (1pg m1!, 4.0 nBq m1™%; *'Np (1pg mi~, 26 uBq mI™'%: **U (i pg mI™, i2 nBq mI™');
29py (1pg mi™', 2.3 mBg ml™'); 2°Pu (1pg mi™', 0.64 mBq mi™)

Concentration HR-ICP-MS HR-ICP-MS
of standard without USN with USN
Nuclide Half-lifefyears solution/pg m1™! Counts Deltection limit*/ Counts Detection limit/
pg ml™! pg mi™!
YTe 2.14x10° 5.5 195 0.23 456 0.008
1t 0.14 uBq' gt 5pBq'
26Ra 1.60x10 1.36 17 0.03 2683 0.006
12! [ mBq' 27 0.2 mBq'
2Th [.41x10'" 1.0 — — 2435 0.02
379* 0.08 nBq"
*Np 2.14x10% 1.98 94 0.04 1814 0.002
7 | uBq' 6* 0.05 uBq*
Wy 4.47x10° 1.0 —_ — 1919 0.02
302° 0.2 nBq'
Mpy 2.41x10* 16.76 815 0.04 12461 0.005
6' 0.! mBq' 14* 10 uBq'
H0py 6.57x10" 14.04 205 0.05 3027 0.004
3 0.03 mBq' 13% 3uBq’

* Detection limits caleulated by using the equation in references 3 and 16,
t Counts of the blank solution (1 mol dm™* HNO,).
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**Np spike
Acidify with HCI
Add NaSO0,

Sta.!nd for 16 h
FE (OH);

Co-precipitation
Dissolve in 4M
HNOQ, with heating”

| Soil or sediment |

Ashing at 500TC

¥ Np spike

Leaching with HNO.
(with heating)

Adjust to 3-4M
HNO, solution®
|

[ QOrganic Matters J
Ashing at 500C
¥Np spike

Leching with HNO,

A
Wetl—ashing
Adjust to 3-4M
HNO; solution®

Resultant HNQ, solution*

Add Nd and hydrazine

nitrate

NdF,
T
Co-precipitation
|
Dissolve in HNO,
Add boric acid
Heating

Nd(OH)

Adjust to IM-HC! solution

| Add ferrous sulphamate
TTA- extraction

|

Anior-exchange

Wash with 12M- HCL
followed by HCI-NH,I

Elute Np with 4M-HClI
!
Electrodeposition

!
@, Y-spectrometry

K4.6.2 BEEREDOP N OSITAF— 24

(Ministry of Agriculture, Fisheries and Food, Lowestoft. U.K.)



Saoil Sample

3334p tracer F’_J_l
aqua-regia sup. ppt.
(Pa,u) {LaF,}
heat
7 l BM HNO; saturated with AL({NO;},
p;t. sup. lAnion exchangel {Dowex 1x8, 100-200mesh)
| 4 feed solution —|[—-
evaporate to dryness
P y . 84 HNO; - ||— (U)
l 10M HCL 108 HCL -~ |1— (Th)

isopropyl ekher extraction 104 HC1-0.1M HI =[]~ {Pu)

— 4M HCL ||~ (Np)

aq. ory. - }
(Fe) evaporate ‘to dryness
lo.osu HI (heat) 4M CH,COOH
10%¢ TOA-xylene extraction (x3} [Anion exchangel(Dowex 1x8, 100-200mesh)
. ,
aé. oig. feed solution— ———~1
(Th,Pu,Am) 4 -
10M HCl wash M Ciiy ool —+ {tp)
+
11 HCL-0,14 HF strip l

electroplate from 2M NH,Cl solution

RHH:O0H.HCL
continued to Pu and Am conc. H2SOs plated Np

separation procedure

| La carrier Y-ray spectrometry
R

i( a-ray spectrometry
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- Preliminary treatment, dissolving
MnG,: 40 mI HCl + 2ml Hz70,
then1 M HNG; (40 ml)
Sediments : fuming HNO3 (40 mD)
(5g)
then 1 M HNQj3 (40 mi)
Flesh and plants: fuming HNO3 (40 m]) + Cu {1l mg) 2 times

(58
then I M HNO3 (40 m]}

Shells : TM HNO3 (40 ml)

(5g
then 1 M HNQ3 (40 mI}

efMuent: fuming HNO3
then 1 M HNO4

i
samples 1 M HNOj3 (40 ml)

i
——rm——_—— - Treatment by hydrazine sulfate (10 mg) and ferrous iron

{3 mg)— 237TNp+4
Y A v
-—-t--—-- Fixing solution 7 M HNO; {ca. B0 ml}-

+

- Chromatography on DOWEX I x 10 resin (10 ml, 100-200 mesh)
in 7 M HNQj, medium
B - > elution T M HNQ43 {70 m], rinsing)
-2 glution 0.3 M HF (50 ml) : 237Np

l
_—— e fraction Np

!
Fixation solution 10 M HCH{20 m]) + 10 mg Al

}
- Chromatography on DOWEX 1 x 10 resin (10 mi, 100-200 mesh)

C ' in 10 M HCl medium
w2 glulion 9 M HCL1 (120 ml)
wee> glution 4 M HCL + 0.1 MHF (50 ml) : 237Np
R s> Resin: U

Neutron irradiation
(16h-2.2x 10 nem2s-l)
{orG5h-1.2x 104 nem-2s1)

Quartz vial: 7 M HNO2 (20 ml)
then 1 M HNQ3 (40 ml)

i
Treatments identicalto A+ B+ C

PEEN ,
Measurement by y ray spectrometry

B4.6.5 FREFRELIHTICK ZRESEHPD? Npsit X F — 4 (Germain & DFHER)
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(a}

Signal intensity/counts

0.1

£2)

100

Signal intensity (total counts-background)/counts

] icp-ms
HR-ICP-MS without
ultrasonic nebulizer

g HR-ICP-MS with
=& ultrasonic nebulizer

4. 6.10 PHEBE O [CP-MS & —ENRBDOHR-ICP-M5D (DN 7737 F&
(b)®*Te, 237Np, 2%°Puizidd BEKEEDHE
(Tc-99 : 1.8pg/mf, 2°7Np : 2.0pg/mf. ?*°Pu : 3.5pg/mb)



4.7 Fbh=T Ak

Tl b= Lid, CITHD BT BREOTTRLE(HESH, TOSFEICEL
THE DHEPIVDH 5. BOETHIT TIRERREZIMD AN “TFI b= LOH
& BERIhTwEY, REEFKERICL - T 228Pu(BkCi), 2°°Pu(210kCi),
24%Pu(150kCi), 24'Pu(4600kCi) s & DPuEMIEN EISHICKIEE N TR Y, Zhd
DRI SHEETHED ' PuEROVTIRT a RS TH 2, LA -T, HHIHE
BERVWTEEAZLFEDN - BER, oBAX7 boA M) —KE-TRIESNS,
REICP-MSZFIA LR bRHEshoo5 5,

4.7.1 ALEHE - afAR7 bt by —
aff AT b A b Y —TPuFEIN{ED *%Py, 23%Py 24°PuRAlET BIEA, (kS
B « BEISRAIRTH 5o IWEBEAD L —4—12id, BIET *°°Pu(Ti,. = 2. 85y,
Ea=5.77 MeV) PEWV S/, BEIE ***PuTi 2 = 3.76 x 10°y, Ba= 4.90
MeV) —BHITH B, BRED ML -4 — &, ¥EUNEL, HHE T2 2%8py,
280py, 2OPUED aRTALF-HELS, Livd POPuDIRRTE P UDRENEET
Z2HHAND B, (LEFBRTBVWTEIRBOREAA L DAL ST, afZARY bo A
MY -DRBGEELERLT. LISRTREEOSRIEETSH 5,
AREROFLICEL TR, LPHEFEMSEHEIC>WTIE 500CEETRILE, WNEEd
BVREKTEAEE, EMREOESITIE BOCTRIEETY, BB —BEkE—
BERBRFICLOELSEBEITI . AR >VWTR, Fe (D) #HiEEMNAT
Fe(OM sicPuz it Z ¥ 5, BHBROFBTEQCHEE L 241, RErEEEto
BPEETIN D=V LEEATWAIBAT, MBROAMCLBBEHFETRRS SN =T A
ZEEIEEIENTERY, COBREIIE, 7o bkER-BRESRRKICK 2 0E
BRIFENHANLGN TV, ISCERTEVWAEELTE, 7 yibA) v LmE
ORISR ¥, MEBUKET v ETLRRE O ETIFENHSIATVS, B
BROTRR T, —RICREA A REBIENEEE /23T 4 o U VRIS X D
TN b hESHRBEL, BT e ARBRIEICARIYE, RFUUVRRE
KN PO LEBELTaBARIZ PO A M) — Rk >TERT B, M4 T 112
MIPub L= —EAVWBED TN b2 LOREHE a 27 M ERT,
299Pyd 24OPuid a SR T AR NF —DEE L TOTHRBIARTFES O THFEDR) 295 210py &



LTERINSD,

4.7.2 WAV FL—varvik

A7 3D B VIRTA-F 2 L VBB RO TN b= o LERE DB, Y
Fl—5—EMNZL, BERBOELNENy 775 Y Nk v F L~ 3 VETHER
TTN b=V LERET S ENFETH S, BEY v F V-V a VRIEREBIL ¥
FREBICHNTIRNVF -SREVBVOT, algfstieoPuct LT, #%%Pu
2P P AE ARSI B Y,

o RIS L T HEHESIRMF VO T, M PudRELREFICITR 5, BEIOH
&, SENTBRENOBRICAET 2 5EE LTHVWLORATWS, BIREMHER LV
—4 — (23 PuF 7232 2Pu) ZIRMERIS WO T, EREAREREE 5 -DICIIREE
ERELTY, ENRESDIAEND 5. BEEEHED M Puz ERICRIES 4156
RIOBEY v F V=2 3 VEPRETSH 5. ATREICIMERD b L -5 —%&M
LCTN b= i b0 - WBEIL, B8RS0 va0%32%48 (W47.2) LT,
—F % affAR7 hOX MY —~fi5% nstagel EMA TGS »F L — 3 » UTEHE
(Aloka LB-1,%&4.7.1) T3 I &k, FTaEXEZRWT *'PuEERICRIET 27
BEAHELTVS 2D, ZORETE, **'Pu/ 2% POPURBHEHAB SR B DT,
PUPUBE R a AN b OA Y —iR& - TESNB, 200 1 PuilEEE T OLLICR
CTERDBIENTE S,

2a1py i CLSC(B) ELSC(a) C a (Total)

= X X
289, 240py CLSC(a) ELSC(8) C a (339 249py)

T CLSC(R) = Y v itk B 24\ PudstisR

CLSC(a) = ” 2FN7T 7 —DFHEER
ELSC(B) = ” TP DETEEIR
ELSC(a) = " TN7 7 —EBOFEHER

Ca(Total) = afBARZ ba A b)Y —TOLTIL 77 -8R
C a(zss. ZAOPU): ’” —C‘-‘UJ 239, 240PU@§‘|’&$ .



4.7.3 PPud *PuDLBIRIEE

RIS PICRE SN APUIEERFEN 23805 2420FHIEN S > TW 5B, Pud[dE
KRS DR (MEBRERO 7+ -7 b, BEHOME, SREELEPY)
KL~ TRUEBDT, TOHERLMBICREMGERENET 200EMTH 2, BF
FHNTVESIREBICL S e BATTRZALF —DEFELTWS 23Pyd 1Py
SYREHRY, 24°Pu/PPu HLOAERR, BEAENERSWBET-THRIATVS,
RAT 2K INETKHERINTERLFEZEEDTRT Y , PN EWES
IZidnezawa FO y BAEICL 2 5EHEHTE 3, EEOREAR T, LXILHE
{, BRRIFRALETD S, BEMTEDAOFETHEREHCEA L TRIFLERHNE
SNTVWEDIR, /MIED Ge-LEPS 1=k 3 LY HAIEE Si(Au) BRHERIC K3 a il
EEBAGDEIFET, HENEEIC 2°PuE 2 PuERIETE 3, TICZDHIE
BEORBEERRTY,

e FAEICL-THESNDS 0 2P DR REHEE (a) th®3E PPy B&U
POPDEISZENT NI BRUL — £ &L, *%%pu/23% 40Py fRAfRELLZE B &35,
—7, %8Py, PPuB KT *PubhCOLUREOMHEE 1a 1o, 1o &L, LIRO2
BEtEEE (L] TH b () , 2 KB ohsb,

[a]l=[al -1+ [ald-D b

[LX] = [a] lof + [al 1,Q3-f) + [alEflls — (2
DM@ K& OX/[el=1lef+ 1, A-D+[B1L — @
- . [LX]/[ICI]": le + £8]1s ) W

lo 1o LoD, BAITHEM501]/[a] HBET (8] 2RETNI { KD 5
S EMTE, PSP DB AT TH Bo (LN / [al HOBIHER (L]
/la] HOERIASHTOS *nEF—RETAEL, h TS
kdohd, CO5E, BN HIPRIERE (X7 v VAR EICPiRESE) iR
& bfkim( ~3dmRBETHD, MEOHERELT. 3 R TLYGMEI N -
T\WB, TE BB NS SEROREA ML, FEMROBKTED Ce-LBPS (3
723 Si-LEPS) 2B WHIT X SICEL NI OPUEEICH L CHEEMNARETH B,

4.7.4 HEHSWE




27V LOETREN L i, BRAFE S LTREFEHEARSTERE
(TIMS)'® HFohaH (KA T 4), BEICP-MSOFIANREIEAT WS, HIE
i afiARy hoA b Y —DETHRAI & 5 IEPuD LESEE - MBNKETHY, B
EOMMEHERICP-MSTIZ pg/ml LALD2 Pyt P s, —75, “ENGERIR-1CP-MS TR
B~ ng/nl RO POPUREIERIRETH B o 23%Pu, 1Py OFEMUERIE
BEE (M4.7.5, F#4.7.3) TH3D, REBERBRSTH 0.IBETEILTH
TIMSITH~G B
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F4T 1 HBEYUFU—Yarvhorvy— (Foh LB-1) TO *4IPujfliELes

H-channel C-channel P-channel
Gain 0.5 x 100 0.5 x 10 0.5 x 1
Window 50 ~ 600 60 ~ 750 150 ~ 640
Background. 5 18 8
( cpm )
Counting Eff.
241

H 24.0 0.17 0

« (%) %4%py 0 0.38 97.0

Counting vial

: 100 m1 Teflon (1M HC1 5 m1 + Instagel 95 ml)
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#F4.7.2  IPuL*PusyBIBIE

RESWBECLDdHHE
EHEREoME Hardy et al. (1972fh)
Noshikin et al. (1974)

rBAETCLIFEE Umezawa et al. (1976)
Sampson et al. (1982)

Pu-230 & Pu-240 D LXK EDOBREVWEFIE T 3 H &
EFEEHRIIC L Yconversion electrond «a #2
F5 w2 %0EH Sloth et al. (1956)
LY/ cBEHLEOREC LS
Ao (1975)
Komura et al. (1983)

BOEFCLIPu-200 S RREEFET 255
Fissionb; S v 2 o HEOREICL S
igg & (1979)
Fission Productd aixftEoREIC L 2
iF o (1982)
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FTAT3 IP-USET4va by sikickd 0Py L 24 OPRETARIED Hbk

239, 240D 475 5t 240py/23¥9py FRATRE L

:-t ws
=R (Bq/kg %)

ICP-MSi: TiyravhTv sk

KR E L 9.96 £ 0.77 0.66 = 0.03 0.76 £ 0.04

FEGHL-ES | 29.0+0.4 0.120 £ 0.004 0.11 £ 0.01

Ravenglass (12.5 £ 0.2)

0.73 £0.01 —
NRPB /v b X 102
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Ierference at Pu
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L l[llt[l

Pu-239, 240

-1

10°

Pu- 242 .

10! { Pu-233

COUNTS PER CHANNEL

i1 IIlIlI

1 11 [l (|

||IIHI| } II-I!HII‘

1 Illll[l

1

=

10° )
CHANNEL NUMBER

K471 PuDaBOUBEREEPUD aff AT P I
CA2Puid EENRFIED b L —H—)
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B4.7.2

Sample

——— ?lzpu
— HNO:

l.eaching

X2 [ !
Filtration

l

— Dry up

— BM-HNO,

—-— NaNQ,
BOC 30min

Dissolutinn

X2 Coolling

Anion Exchange
(Dowex 1%8) Wash

—~— 8M-HNO,
—— 10M-HCl
Eluate
—-— 10M-HCI+0. 1M-HI

Dry up
—HNO;
—-— HCIO,.
Dry up
| =—1M-HCI
Dissolution
Volume Adjustment (10ml)

a-Spectrometry (5ml) LSC (5ml)
l 1
Dry up LSC Vial
~—-H,50, (1+9) ~|=— Insta-~gel
— NH,OH (95 ml}
Electrodiposition LSC Measurement

(*'Pu, Total @)
a-Spectrometry (#** Py, 2ip )

aﬁx&7bDXbU—u;52“m,2””“%&%%9w%v—vay
Hyvy—ickd MPUDERSHIED I DDFHT R F— L
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[Bikini Soil |
3726 min.

Hy

Lot

BKG

e

T SO .
oA o i i
— Niu-Bay -
o Sediment-2|3
0 5 .
= . - 9310'min. 7]
8 O .C E
O @ 3
= E o~ 3

0 m ]
102k 3+ ™ Background j‘

3 6160 min. 3

L 3

0 :_ Ry _;

2 - E

100 : ! L 1 I 1 1 1 1 ] |

10 15 20 25 30 35

Photon Energy (keV)

M4.7.3 BREREOHH - R BE L CTHAPUREICHLTO
Ge-LEPS R~RZ hJL (10~35 keV)
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Sample

239,240
FPu

2403 4 I MARINE SAMPLES
E 102 RANGE OF Py
g 10 - CONCENTRATION
A< 4 IN MARINE
- ] SAMPLES
g, 10 1—
l& 1072
o 107
198 104 —
SED SED.RW. Sw.
TRAP
©
.10"1.._ .‘a-.
SIS
Sediment W
" Trap Materiol >
1072+ a
Sediments 'ch
Ny
403 - H————F——+43x107%
wdy : i 5
10 ;.’-"'4'"' 7

DETECTION LIMITS OF
PLUTONIUM BY MASS
SPECTROMETRY IN

1072 10 1 10 10?2

—=—Sample moss (qg)

RI4.7.4 ICP-MSick B 23%Pud  MOPpydew X X% kb
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RT3t (< 10%)

L u| L I
Pu
1 -
Pu
M—LJ e e b |

15 - Kl B g ) 88

9t - Ravenglass {Lf#&1

6_...

3} | |

M I

235 236 237 238 239 240 241 242 243
R
M4.7.5 BEHMEERSECE3EBEARSBOPIORERR

(280 230py = 10~%dpm = 1.70 x 1077 Bq
= 4.3 % 10-15 g 239Py : 289Py/24%Py EFE = 0.18)
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4.8 TAUYITL

B, —BBREPICEET AT A YU LRIBEASLTERY 433D 2 nTh
D, BERICE > TEREFICRHINBOTH 5, HIEHERICEET TV 2 MAnid
BRTEDZIRTH -7 BREEDD *V'Pud 5V IEERIFICU, PuohiETREIC
L-TELR WPuXDRELbDTH S, 2VPulIREM L METAHEL.,
PinE N5, T, BiEhO MBI CENL,  2020-20305F I 3Bk &
RO, BEHERT 2°% *Pudd2% s T 2 A TH B, AR, 7+ =TT +HE
HEINTV B LBEPOBETRELLT 2% 24 0PyD0BTBE L - T 3,

4.8.1 TAY YD LREE

BRERO P AnDRIEERE LTSI RERHEFIC L5 a @A b bY —2H
WBODNRERTH D ER TIRIZ40000HE TO. InBiRETH 5, HEhd. 24 A
VR UE, Bl F —HleFEFREED | PhoswichBRHEY Ik BHIE. H50
FEVRVEGRY Y F -2 3 VRIEDFIREL 105, ERETHICTEAE, Boxl
F—HGeF B AR, PhoswichRIELZBORHTIRIZENFH100Bq « 6mBqTH B, L
AU~ AN LT @RS > TR RS I ¥ BEREBIC K aBARY bt b
=SB RILF - BFREBICKE r BARZ bl Y =123 TH 5, ik
Yy F U= a YAEE K UPhoswichiR BB E B W& I RERBERD b L—
Y BELE I, (EBEE—EE Ly ko, MORSEREE DNEEHE
LRIV JHIERORBENPO &5 WE L XL OAnD 53 Tl iah
BOEEE Bbind, Np, P EORFFHDEY F TR TIRICP-MSER W ERE
REXNTETH S5, ' AnTREEHANE . BEREDS 3, Jod, —BHicid.
ﬁ%ﬁi%mZHM%%%Lt%K\m@&%m&%&ﬁz&7bDXbU—ﬁﬁﬁb
Nb, ZITy FT affZAR7 b A MY —ODOEHEESEEREIT > WTER
Ly DERBZRNF~ 7 BARYZ hoRaP—icoWTHiL s,

4.8.2 T A Yo ADOKEMLFEHSEE
PARDLESBEISPUSHEI T 5 L P PEMETH Y MIERR L ONMSLELR

A, Fly M AnOAFEBIMTITES CERBTHD, £ 13N, PudsT & ERIC

77250 Np, PulEHERIBE A Sfe 1 A4 AMBAHIEDR TOANDOAEZRESAZ Wi, &
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NOHPERIN DA, T OBOBIES T L0 SDFEHIES 50 i3 TOARHOKED AND
TCANLNE ZENE W, Efe. MTRIENERTH 27:5. EXET-EDLF
BREEC P EREETHD., (EFREHERD b L—%—&LT . 55
WidAnd EEIDEITV S oAV BB,

#4.8 licLivens® itk » TE LD oM BERBICER S hAFEY "9 Z2R LI,
T DR B E LIROUEE E L bOTH BH%, MDA @B R
ORBENEST ZHENRD B0, FiLEE LTO< MY v 7 ZuHEh o D5Ek &
(LA ARE ISR 2 LEER I TREHIN TV S,

BB LTL AV LN OREIIRETH D HeOUBRAEVON B, KEIL
8. a2 ECa. Y VBB, T wAkLali EDR X FREI NG, v avECakitiZ<= MY
v 7 AN SDOREBIIBRIFCHEH, BOBREOHFELILE Y 2 VBER o, 550°C
DESFHTHEL. KEEE LIS IIEE SRV DIEETS 2.

<7 b Y v 7 ROKESEBRWIZRIC, PR EFHEBRRM OB A BEIE. H5
Wi TOMAHIC L - THEET 2. TIADPHEVWORAZEbH B, TOR. ISITHER
FOREDIDITRA A VRS, 50k TS T EbhE, a2 bo
A MY —HOBENMERERZ DI EBLETRS OB LI UTR ST, ZD7
DIZFA LT VBERTOERA A L] EHITEbiicd, BETiRleln'” HEAN
1A 5 ) — LR TORA 4 VB E BV OB, Jhud, BEA &/ —IVIEIK
E LTI A VRIS AR Ly FA4 ST VA 5 ) — VTR IE AT L.
E#HA Y ) —VBEThEESRT 5 bOTH 3, JOFERRIEOM, HEDHLE
DOEEN DR L BRIFT. REBEZIEBLAEEERN VTS 7 v a VE/RAHAIEMN
TE 3, ' |

AR RO LB D TH AN, THHOR. RENLSBEBLUOREOS
5H0%ERITICEET,

4821 BEEFTIINb=ILTAY VT AFBRGHE
CDFHERPuEAVERIRC AT A HETH B, HEEL LTiFPudmZENRENICON
T2 oOFENHFEEIATHS (4.8.1, K48 2) , THbLE, PRGNV T
e A LA midIE R AW A E TOMAETH 5, — RN (3R Bk | 3 AU BRI ]
NEL BN, FLELID B, 14 VRBERZOHL D REREIZEVS, FM
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LAY DIS AR & 78 5, PUDSTIR(EIZRL D= MU v 7 R 6D KR ENISEEL
FHSNTWEWN A7 238k, Bk e SPuid Tidia{Np. Thb I hT
B, o0 bRIFHIHEETD 5,

ADOBICBLTIE, 9, VavBlac X afiLick - T b v 7 AOBREET
W, 208, 44 REEE/STERWAEEE TIAME & 4 V3 Bis2deh
WIcHERHESN TV B, 14 VRRETRMERRSIEHRRDR A 4 Vg &
D, BFET B0 . The Bi. Pos PuZEIDBRE, RBICHIBELONBLHELAS /-1
FROBAA VTRTITR T B, TIAMIH « 4 2BETIH, TTAIKK - Ty pH2
OWBERD, oThIS Eatl Uickic, pHAE LAcBiRh SAnkHiti L, BEBIcL-T
W EITIE Do ML E OTEER M 4 Rk LFEIRTH 2,

RBRINAT 57 v s VEREET VBT LBERNS AT U VARIKBE I NS,
BER, BERERMNTEILICXDPoERET 2, BEFREFTO 21 'PoE (2Anic
HELTEL. Lind, PL—#—LLTAVONS S FEOIILF -0 aff
EHRHL. %, BEREOME AV SN ASIEBAERHBTIEARY MV ETHEE
TERL,

RERABIC N oA EEEA UAREZEREENTRbNTED, £4.8.2, £
8. 3IcAV o HH L BMATBEL LUERER Lize THITX 3 & FEEDAENY
RRIFEERERIT W TIEIBERB0% TH 54, BAKRICONVWTIIFEBA TH >, &
7os THE, REBZOWTH50% 2V AENR LR EIN, WERORMOS 5 2 &£
b b,

COFETE. PuDSFEELELIENIC= MY v 7 ADREZFTIL - TRV, BN
DEIRY YBEEOEWERICOLWTIIPIDKRAE L 272D, U VBBEZETS
CHMBLRBRETH B

48.2.2 AfsaroFE'®?

COFERAZG SR E Uy AnDfBIcTOPOIC X i 7 o= b7 4 —%
AOWTWEONRETH 5, SITRIEOBMEER4L. 8. 3ITR LI, MY v 7 ROBRE
BRIRITADT pHI-LAICHB L AEBEREBERZTP) Y F AR E )/
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Table 1. Summary of techniques for the determination of 2/ Am. Abbreviations: TIQA = triisooctylamine: HDEHP = bis(2-cthythexyl)phos-

phosphonate

Matrix
" Plant matcrial

Sediments . .

Sediments . .

Soil ..

Soil. vegetation. animal tissues
(allsmall:5g) ch ae e

Soil, sediment, 2nimal tissue
(alt2-5gy .. .

Sediment. biologicai ma.lcri:‘lf‘ - .

Soils .. .. .. .. .. .. ..

Soils . .

Suils, animal tissuc. vegetation

Sediment (5-g samples)

Soil, vegetation, filters
Sodl .. .. ..

Sediments, biological materials . .

Sediments. biological materials . .

Scdiments, biological materials ..

Pre-treatment
Fe(OH)a pptn.

- TIOA solvent extraction of Puand Np

BilPO;. pptn. 2

Pu removal by anion exchange (HNOQ,)
Fe(OH)ppin.
BaSO, ppin.

None

CeF;pptn.
Anion exchange (HNO,):
Ca oxalate and Fe(OH), pptns.

Fe{OH)aand Ca oxalate ppins.
TOA solvent extraction of Pu (HNQ4)
None

Ca oxalate pptn. (soil and vegetation)
OB-F0O ppto. (tissuc)
Cation exchange (citratc}
LaF, pptn.. Purcmoval by TTA
" extraction
BiPO, pptn.
Cation exchange (HCI)
Caoxalatc ppan. (sofls}
Pu removal by anion exchange

BaSQO; pptn.
Sequential ppins.
Ce(104):,2 x HAF,
Fe(OH); pptn.

Pu removal by anion exchange
(HNQ,or HCD)

Fe(OH)apptn.
Pu removal by anion exchange
{HNO, or HCI)

Fe(OH)x pptn.
Pu removal by anion exchange (HC1)

Amisolation
Cation exchange (HC1 - CH;OH)

Cation cxchange (HCT)

Anion cxchange (HNG,)

Caoxafate ppin.; 5204~ oxidation
and repeated NdF pptn,

2x liguid iun exchange (Aliquat 336)

Extraction chromatography (HDEHP)

Cation exchange (HCI)

Anion exchange (alcohol - HNO,)

HDEHP solvent extraction from HCIO,

Anion exchange (HCD

Anion exchange (HNO,)

Anian exchange (HNO; - CH,OH)

TTA solvent extraction, pH 4

Anion exchange (HNO, - CH,OH)

Extraction chromatogeaphy (TOPO -
Kieseclguhr)

Dual-layer anion/cation cxchange (HCH

Anion exchange (HNO; - CH.QH)

La oxalude pptn.

Anion exchange (SCN-)

Anion exchange (HNO;)

Fe{OH): pptn.
Anion cxchange (HCI)
Anion exchange (HNQ, - CH,OH)

NdF. pptn.

HDEHP svivent extraction (HNO,,
pH2-3)

Anion/cation exchange (HC1)

Anion cxchange (FINO, - CHLOIT

Ca oxalate ppin,

Anionfcation excharpe {HCi)
DDCP extraction (FINQ,)
Anioncxchange {HNQ; - CHLOH)
Cation cxchange (HCT)

Anion exchanpe ( HNO,y - CHL00)

. phoric acid; TTA = thenoyltrifluoroacetone: TOA = trioctylamine: TOPQ = trioctylphosphine oxide: DDCP = dibutyl-M,N-diethylcarbamoyl

Reference
17

18
19

24

25

26

27

28

29

30

SCHR

12:4) Knab 1879
18:7) Pillai 1987
21:10) Hayashi 1987
24:13) Bunzl 1987
27:16) Hindman 1986
30:19) Holm 1576

16:5) Sill 1974
19:8) Leshinen 1987
22:11) Sekine 1387
25:14) Mathew 1981
28:17) Holm 1979
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17:6) Schulz 1981
20:9) Bernabee 1983
23:12) Afsar 1988
26:15) Yamato 1982
29:18) Ballestra 1983
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#£4.83 BERHOAMDIORXF v 2RO

— 1] 2
BEE | SN el 238py n:;“:f;u {bsR “:: J-/,jftﬁl{szﬂfs -
1 |44 vzt 0.241% 0,074} 6.93 = 0.85 | 0.50 1.59 + 0.14 | 0.40
43 2 | AA4ssiE| 0.276= 0,019 7.01 = 0.008| 0.679 | 2.09 £ 0.03 | 0.781
(20 ~ LAk ] 0,192+ 0.034 |, 6.06 £ 0.38 | 0.70 2.06 £ 0,11 | L00 |Ba/ke
50g4E 5 | A4 VL] 0,233+ 0.032] 588 £ 0732 | 0.88 2.13 £ 0.12 | 0.82 %t
+) M | 0.278% 0.040| T.46 £ 0.44 | 0.72 2.98 «+ 0.12 | 1.00
Atttk | 0.276+ 0.035| 6.34 = 0.34 | 0,76 2.02 + 0.10 | 1.00
T4 0.249% 0.034 | 6.61 + 0.61 [ 0.7l 2,02 = 0.23 | 0.83
1 | A4 xdam| 252 £ 0,85 [84  +12 0.60 |20.3 22 | 0.42
PR 2 |q4Avz#ek| 209 = 0.32 [60.9 = 1.71 | 0.900 [19.4 + 1.06 | 0.815
(& A4V 212 £ 0.42 {59.8 £35 | 0.79 173 = L1 | L.00 |mBa/kgk:
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wigimmiE | 152 £ 0.47 159.0 = 4.6 | 0.45
Y 2.44 + 0.90 |64.2 £9.8 | 0.65 [19.0 =13 | 0.77
1 | A4sstmiE | 0.236+ 0,069 5.64 = 0.72 | 0.85 2.19 £ 0.30 | 0.35
#iK A4 U3k | 0,288+ 0.025) 5.98 = 0.25 |. 0.831 | 2.10 = 0.12 | 0.468 |mBa/2
(52) A+ U3tk | 0.245% 0.056| 6.08 & 0.37 | 0.93 1.67 £ 0.15 | 0.93
i 0,256 0.027 | 5.90 = 0.23 | 0.87 1.99 = 0.27 | 0.58
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ET Determination of '2**I in active
carbon filters by combustion in a
modified Wickbold apparatus.
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U VOL. 63, NO. 2 PAGE. 345-351 1981

CI (4) (al) (EN) (NLD) (EE2, 4, H2)

AB EIROEHMICERTRF A LERURAMEER S i 2HEREFO e FEA
N7 AR —%EH, YUaVEE, BUITFUORUCTINIZVALE
, TRFVERRSOERHE L HEHELZ0B, £RT 577N p RU®*?
Pa%Ge (Li) #HiSScHlE. BbESROZVWORYNaZF (288
ppmURUG212ppmTh) , ESI9v /AR a—-VEBIEY
22 (~1ppm) (RL, o -HEELEE HMOHBROEREINT
NH20ppbEAT. afFICHTEREORERFIZO. 03A4IV N/
cem®*/hr, BS3Iw7ARUINOZ 7@?9?&6%9&#%&#6
HELEcHRERUEERE E<—H

CC CC0B010J, NCO3161C (543.52/.53, 621.3.049, 77)

KW H&HEs#s LS I 27V oL@k Jub7iF=vih@Elf: v
SRk PUYARRME: Uua—vh 53wy YU a—vEEE
i LIRUTZMGetkiigs: BV ISF2 ZIowh: TRPUEE 7
T 7hiFs TTZ7HRANT M BESH



CN 8240175838, (82150684, K82061526, 482050393, P82101167

TL KPEOELAN M) F o LOBREBFEEDER E8IM

ET Present status and trends in
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spectrometry and nuclear dating.
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ET Techniques for the direct
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3% TEERTEE

CCOB090T (543.52/.53:549) ’
TSUN R PHETES: MEHEST U5y MU YL Huvkk
gy HU@ART b Li KU 7 RGeS BRSO REER;
ATV LENE; 70 N7 IFog AR BERS BE: KEFE
[TV L2339 JObR7IForA233])
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8640244844, CB6151038, N860B0264

129 1 OB b oA

Activation analysis of 1297,
FILISTOVICH V J, NEDVECKAITE T N, ST
YRA B J({(Inst. Physics Academy of §
ciences of Lithuanian SSR, USSR)
B09498 (JRNCD) (0236-5731) J Radioanal Nuecl Che
m

VOL, 87, NO. 1 PAGE, 123-130 198

(4) (al) (EN) (WD) (BEE1, %1, #£29)

2T BLU I DEADRICBITS I I OEEREEERICESEL, *?
I OHEESITICEIET? I (n, 7) ***I (n, 7) ***I (n, 7)°*
NIDREREERFUE. HEFO12TI/PTIHE (k) AL 0DES
KHRELREFER (210" n/cm? sec) ZHEXL, kBLU!
PIGEDOPRWREREHIHUTEESHFBELTWE. 8- yaf Y IFY
AREUC K B T IEEORIEBAEII® L, 2X 10V RKFTCHo k. B
HEEDD' I 0FEE (8 -, v - BEUXBERE, HeHbor, &8
S KOWTERL, SEE, '*°1 /' I HORETREREEF:RL
7o FEHEAIRIHRE R L, 129, oM B ET I DEMT— 4 (
HEER, #PE-RBETEED RRRLE

£C06010J (543.52/.53)

& D REOE: HEEoT EES EES

(£D53F1 29 b FHiBEEH

8640540597, K86121233, N86122346
HEHBEEFNSHUAJLEERDS 00 1 RSAMARDTIF I A FE
= ek AL F: 3} :

An assessment of the assay of the
actinide content of 500 litre
drums of intermediate level waste
using prhotofission,

FINDLAY D J S {United Kingdom Atomi
¢ Energy Authority) '

POS0BA U K At Energy Auth

NO, AERE-R-12009 PAGE, 30p 198

(T) (a1) (EN) (GBR) (EX5, %5, 52)

HESHER IR A )VEEHELEDS 00 1 RSADAKSENDT
IF )4 FEDWEOFEE{To 2. ZOH5FERY TMe VORBEINE S
NODOBFHROMBREICELY, FSLADARADTIF A FICHERINS
HELHEAPHEFRICTRES LI BETETF £, FSLPAZHIZLE
AD'YBFFHHETRET ZLIETVWTWS, 77F ) A4 FOERIC
FETHEMEPERRISOFETR Y EFZEUERETIE, BRIV
EHDS 00 1 E{EE RS LAMATO 2 USRS L TELT7IFIAR
#iE, 105 THL0sETHINTES

MBO5000Y (621.039.7)

BEHREY: A 7U/FoF: BELSF FS A6 Zkd#E it
Fi U523 8 3o biEDE; ED BRI S B LARUVEEE
2

[(iE>zk10]
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8740201268, 87131149, N87040337

BBEETO LS ROMSELE  FhOo02E

Iodine radionuclides in
environmental samples : A
procedure for their assay.

MELONI S (Univ, Pavia, Pavia, ITA):
NOGARA G (Univ, Milano, Milano, ITA
)s QUEIRAZZA G (ENEL, Milano, I1TA)
B00SEB (JTMTD) (0733-4680) J Trace Microprobe T
ech

VOL. 3, NO. 3 PAGE, 221-253 1985

(a) (a1) (EN) (UsA) (B2, %8, H37)
BERBICEENS I, 201, ] 2 HSEFSEICETIERESES

DFFEEEICEET SR TRBCIE TS 3RS EEERUE,

LEHFERZAZCL - Si023% B LAY OT NAS A TOBRERUYE
Mtk I OHEKES, BESERHER I IEowWTRY YV
SFEEICEY, FEPOIICOWTRA—-IBEBREY VF V-V a vty
THIETCITok. FERINSG, @K, KEHDIWIZEEDTE, A,
Y, TEAOCIED I RS EEOSIMICICHELE, HE, FRE, B
ERYICETAREOHMEREL, BRLE

€C06010J (543.52/.53)
;j$l3l,ICRP.ﬁ&ﬂrﬂ7b9ﬂ?b777{—-ﬁﬁ'ﬁ/
THRRHG N —2RFR Wi EAG BEG AR HEY: s @k
HE: BE BEHbEST O FBEME BESIT ZANSH EHE
BRSY: PRETRREETR: AUGTHROHEE: LiESdT £OFE1 25

(&>»x%129]

8740415183, N87090110

HYTHRAEICLDEBEEVATLAEMNER (£film)

A state—of—the—art passive gamma—
ray assay systenm.

SAMPSON T E, PARKER J L, "COWDER L R,
KERN E A, GARCIA D L, ENSSLIN N (Los
Alamos National Lab,, NM USA)

P0g98A US DOE Rerp

NO. LA—UR—87~- 962PAGE 7p 1887 .

(T). (al) (EN) (Usa)

EWEQ“WU&Eﬁk.%Mﬁﬁfwﬁ?éﬁéﬁﬂ7vﬁzﬁjmnﬁ
THER, EBEYSYOES, 200ml OBBEAHNE, 1X10g??
U1 @ﬁgi?ﬁﬁﬁl’ﬁﬂ. HEFHRIZ1 000 THA, > UshdD1
85. TheVOHYHEFETS, ZOLE, **Yb&**AmEMW
, BHROEIROIEESEICHEH

MCO1040R (621.039.84 OTHERS)
¢§y235;ﬁy7ﬁﬁm:4v?wgvbﬁﬁ¢:?XU9¢Aﬁﬂ¢
; EESHT

£4VT»EWA169 7xUJ¢A2411
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8840070770, G88032459, J88020271, N88020472

B - 1 AR EESITARRHEREIC B 2BRRROEA
Contamination of modern carbon in
sample preparation for measurement
of carbon-14 by accelerator MS.
T (HrEA ) EBAE GIEHA B HEHEX (Ek H):;
MfFE— (RR RFHWRE): =Sf@k—, FEE (B $HEHE (
WA R KEHER, HRE GERISA =)

F00084 (BNSKA) (0525-1931) 4iifkze

VOL. 36, NO, 11 PAGE. 755-760 13887

(A) (al) (J&) (PN) (B2, %3, $6)
INESFEESITETIHC/2CH L 07 THIETRE TERIEICH W
BRTWS, BITOZEHURREM g CEERRBICER TS HETR,
CEZLEUBRKROBEAN L, 3%L2Y 3FSTFEETCOERIURBL
MHRay, BREROBACOERMLE, HEROMEI1E36~1600
P P MDRFEEHEFROBENHL M o=, AT Y HHNK
RBEFZATWED, MIVYRUVERSA YEO—ZURYTOHDC
BEERy VSOV RUTCHoE, I-NWRISYS, FV—-abxa
vy, REEEG6p pmOMg OFEH, BEOREHFEOWURZEICERY,
ﬁﬁﬁ%wﬁlﬂo.4%&?%¢:tﬁ?%,ﬁﬁﬁﬁTMﬁ4ﬁ6¥¢
Kinoiz

MC03011P, CCOB010J (621.039.86, 543.52/.53)

RE#E 1 4; HEN BHEE: HSERERERERNE BEED: Ny
FSou R ihgds: /2ol Bo —EbREE/ BREER: HE
R EESW ZAMSW BEEERS BE{eod WERNTF
UmEREEsi FENFHREHLST]
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88A0085737, K88020653, N88021829
REICBT A nROFERRISESEE 1 RE  BE
Physical and chemical forms of the
elements in the environment and
analytical methods of them.
Atmosphere (Review).

BEERE (hk H)

708814 NIRS—-M (Natl Inst Radiol Sci)
NO. 57 PAGE. 5-17 188

(T) (b2) (3&) (JPN) (EB@10, 2, $10)

SEOEE, AROEHHK L ZTOEEHES S TIIASERMEICOWT
Bk, EEREPICEET ORBOBBYSFELLTHRIOT NS T
1 —HBIC L BREFRWBROSHEBS L7y To—EROZ 7OV
NCEGAZ W EERERSTEICMA, AKH***Rn, **°Rn, **Xe, **
Kr, "C, *HaxYHEHEEREs OSTEESALE

CC04060Y, SB03010B, MB02030K (543.544/.545:514.71/.73, 614.71/.73, 6
14.73:614.878) . '
REHER: AEHE: AKFEH: AKERYE: mBEEl ——-aoJi S K
>222; BER: SFYEME e/ vEME: FUT AR R#
#l 4 ZEARHR: EEHW EHER BEW: REEHE BRY VT
=¥ a RS HEHREES AAYov bS5 U4 - BYRERES
[(Z3R>220; ¥€/133; yY7hr>85]
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8840094312, K88020651, N88021865

fﬁ;ﬁﬁéﬁimﬁﬁﬁﬁt%ﬁﬂﬁﬁﬁﬁ% I KR REHEO
X

Physical and chemical forms of the
elements in the environment and
analytical methods of them, Iodine
in the atmosphere.

BEEE (F

20881A NIRS—M (Natl Inst Radiol Sci)

NO. 57 PAGE, 18-23 1886

(T) (b2) (JA) (JPN) (BmS, #3)

BEREORERER FORSEL D BEERIICENEET 301008,

VTV TEBERN. RRROEIBERFMI L LRICA I OBT

HBELHBHETIED, BRRICEBIORLIEERET2ERERSLE

B EEAOMaypack Sampler (I) OE*EHE. 10

HEMPOo £ f 2asiKEENEEIEAFNIBEAFVCERLT

 WEET B & O RIITEHRICEE., BEARY M TEIEEEUETEH

FEZDWTER

CCO3060R, SB03010B, MBO?.OSOK (543.4/.51:614.71/.73, 614,71/.73, 614.

73:614.876)

ARRHER ASBRE KOREMMA: £5F1 3 1 Aotk 2829

;. MBHREES: 74 0H; BIER LM EOEAFN/L BE: B

B BIEAFI/LG HUw@BARY bV

[£55129; k5%127]

8840192799, £88121204, (88082407, K88041843, N88040315
BERBESTOERIGEREOERE HTWHEROME SR
Determination of natural
radionuclides in a coastal marine
sediment. An analysts’
intercomparison exercise,

HARVEY B R, YOUNG A K{(Directorate o
f Fisheries Research, Ministry of
Agriculture, Fisheries and Food, S
uffolk, GBR)

C0501B (0048-9697) Sci. Total Environ

VOL. 69 PAGE. 113-28 1983

() (a1) (EN) (NLD) (%4, - £7)

BEOWL DHMOHEFPSPROSH/ I NV—THEE Y, BETOREL
FHAEICETAEREEE{T>TwWa. ZLO0SMEEHEEERDOD
1#:Irish SeatfEfifgho?3sy, %%y, 234U, 22%Ra, %1°
PbooxER, ¥HE. AHEE HEERR, SEOEBRERNR, ERICD
Wik, EowHEEtHEL W EAEERLOEETEELE
CCOB090T, MBO2030K (543.52/.53:549, 614.73:614.878)

HsHEENER; SIS BE{tELT &S w5238 U
5> 235; FUTLRNE: BEME: REEFR: HeEn
[¥v5>2834; 5UTL226; 8321 0]
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8840218561, (88092435, J88030394, N880502863
FIANWRYTAATTE D UE - EHESEEE R W RO
BCEBTPNIZULRURFRAVILABDIS v N T LDER
Determination of uranium and
thorium in aluminium and magnesium
by NAA using
thenoyltrifluoroacetone ligquid-
liquid extraction.
*gﬁﬂﬂ,iﬁ$%,ﬁMH%(ﬁm BHER) BRI (AEHERER
®

FO0084 (BNSKA) (0525-1931) H#r{b

VOL. 37, NO, 1 PAGE. 7-11 1988

(4) (&) (Ja) (OPN) (BEE1, ®4, H11)

YK A T VB EOA L RUMg R D pp bEOUL ThOEEEER
Uk, BHERFFCREE I MEEERE L, ERLE***ND (IV
) k*Pa (V) #5740 N)onta7e by -3V UBHRTHE
T5. 1 OMEEEET?**Np %, SMEEBET°P a 23fliii5 5, UTh
DFEBFBICOWTHRE L ERICEREL, #HAST bOA N —C&Y
FONp L2 *Pa®ifiel, ULThEEETS, **°Np &2 P aEIN
RIIQ0%LULTH- 2. ALEHBEABOSHICL YAREDERS ZRERL
E. oL, AL, JIS A1050TIXUS30ppb, ThE7p
D bARESHhEN, MgilowTid, U, TheHEEERDO, 5pp
bEAFTHo%= .
CCO8030T, CC08040Q (543.52/.53:549, 543.52/.53:669) '
BN PHETRE: MEHMESHT: FUI UL IR YUL bUTD
by USs FAT7 o EEE/; BRER RIEBERR BESI ZAR
St EMEES: TR UAVEEE/ FBI-REEW/ HEE
%ﬁ%ﬁﬁ:#ﬁﬁﬁ%U:$7ﬁ:ﬁbﬁﬁﬁ:7Ub77?ivbﬁﬁ

(F/A4vbyzLFTTE Y]




CN 8840253350, A88121901, K83050304, N88051873

I AVF-—RETERUEAEEFRFucus spiralisHEn®®Tcecd
EE

ET The determination of technetium-99
in the brown marine alga Fucus
spiralis collected along the
Belgian coast.

Al HURTGEN C, KOCH G, BONOTTO S (Belgian
Nuclear Centre, Mol, BEL); VAN DER
BEN D(Inst. royal des Sciences Na

turelles de Belgique, Bruxelles, B
EL)

JY CO0501B {0048-3697) Sci Total Environ

W VOL. 70 PAGE, 131-149 1988

CI (1) (al) (EN) (NLD) (ERI1 0, 1, #£18)

AB EREFEMIEENSE (BEEE) Litob, B4 vifdEs>L5E (B
io-Rad AG1xX8, OH®) *BHLE, **TchEEEc7. 5

MIEEE 2 FER L, GMHSWIHARHEEICE > TR LA, BEFD°
TeEgRITHMT24HM (1 9854E3H~19864E2H) AEAEHE
o PLRUEBESMVOT c SRIIGEHICHERTEWMEERRL, FOET
HESFOEWFucus spiralisiifiEfigchizy®®Te
OB YRARICESE L TWE, BB T ciErEE L L 2SS0 S
¥id (0. 8~3. 6) X10*THY, FDETIES. 1X10*IEL
e, BEICEBPT c OHEHMEZIRBIZS 0~58%TH-k. Fucus
;piralisH%ﬁﬁ@”Tcﬁﬂﬁﬁ?éé%ﬁgtbfﬁﬁ?&
==

CC SB02040B, MBO2030K (614.777(28), 614.73:614.876)

KW el AF—; 85 F73F7U4699m; BESH: €68 &
#ﬁﬁ BEGTREEYY: £ AHiE: RERHE: Bud; EEASTE

FURRIOT DTS5 74— HEHEES

FT [Fucus spiralis]

CN 8840253358, A88121923, K88050420, N88051880

11 SERSHMEZERNFEIC L 3 RERGEZEOHE

ET The measurement of long lived
radionuclides by non-radiometric
methods,

a0 BROWN R M, LONG S E, PICKFORD C J (Ha

rwell Lab,, Oxfordshire, GBR)

JN C0S01B (0048-9697) Sc¢i Total Environ

UN VOL. 70 PAGE. 265-274 1988

CI (A) (al) (EN) (WLD) (&5, £2)

A HEHHGEOEWEERBREBEFS I SATORAEEVCHESTICE - TE
EL7E, REBHORECE->TERLEI-OVYNEAr 7S XTICEA
TAERSINEOBEERIT?®Te; 25 (15), **°1; 300(2)
, 2**Th;:10 (0. 004), *'Np:10 U) 26) 23877
0(0.0lﬁ,‘”Cs;IODS/ml(BOBq/ml)?ﬁat
. BESMBERGNESARLETHY, REBEKFOUDEENERHLEZER
FefANZ bOA M) —ICkB0WE (REEESREIEE) L L<—FHULE
. BulEEA S roRMARIC LB av 7Y — FEBEHEODT c DEERA
i23ng/ mlTHok, HEDRODOn g/ g&°T cDER, T/KROFEEE
BHESE (°°Tc, 271, *°U) KHEHSHESBELTWE

CC SB02060X, ¥B02030K (614.777:543, 614.73:614.876)

KW ﬂﬁﬁn&ﬁ ﬁﬁﬁﬁ,ICP Esﬁﬁ.ICP Msﬁﬁ mﬁﬁﬁ
Vo h232; a&m% H%m+ﬁﬁ




CN
11

ET

Al

JN
UN
CI
AB

cc
KW

CN
11
ET

AU

JN

UN
CI
AB

8840344592, K88071491, N880T1867

iﬁi?YTc;amﬁ@ﬁwBﬂTmﬁamﬂwﬁ&ﬁmﬁﬁm&ﬂwﬁ
1 m

Estimates of cumulative releases

of radionuclides to the water

table from a repository at Yucca

Mountain, Nevada,

TIERNEY M S, BINGHAM F W (Sandia Nat

ional Lab., NM, USA)

Poggga US DOE Rep

NO. SAND—-88—2178—-C PAGE. 13p 198

(T) (a1) (EN) (usa)

EROBHES, FRABHESE—-FTEORERICH LT, ¥4 N OREMH

DIRXEHETNVICESHBTROBEFES2HE, Simmon s OERIC

SESEEEHEAHEETNVERVWTRERY, Yuccaliok&E{EFEICS

HAEEONERRELE, 70, 00 0OMTUDBESBEHRE *SDE

DS, ~FEORICHTFREICHHEENIERIC-14, I-129

ETc-99TH3, HERZIHFEDN10/1, 000, COOEBETH

oy

MB0S000Y (621.038.7)

FHREREER §U)VEEY: B4y #HTEE BREHLSER:

RERSEEERE; HETERE: MEEEE: TGS EESH B

WEETE: BUERT I ARICEFI)V: #TFKE: ARERHE; REEE BEl

43 EHBREE:; FURFILSIm: BETHL B B2 T

7K HETFOKEE: WREEAT -

[£D>F#129]

8840349592, K88071860, N88(71675
BEABTOAM-241, Cm-242, Cm-244DEE
Determination of Am-241, Cm-242
and Cm-244 in environmental
samples.

AFSAR M, SCHUETTELKOPF H (Kernforsch
ungszentrum Karlsruhe GmbH, Xarlsr
uvhe, DEU)

P0902A (0303-4003) Kernforschzent Karlsr (G
er) '

NO, KFK—4346 PAGE, 30p 1988

(1) (al) (EN) (DEV) (B9, %9, $10)
KarlsruheFHHERWAKEBLAEEROBIORETE_ 8%
FHE8, SRETRELAM, CmOERELHEFELE. BEAOHEKE,
S EBRDADN, CmOERETE, {CRINEOEHEITH 0 %,
BRUEBERILT o Bq/gok, BED o ISHEOREERII>1 0T
$»3, —BEYHEIOSITRIEE—ADOENE TEETES

MB0O2030K (614.73:614.876)

R4 Y RREEAE; KPhfks: Rt BSAsHEREs e
HATERGEE: FEHEEE: REEERE: oV v LAREMNE EEST TR
Yoo hEIH: TV 7R BRERS SR SEREG Bk
s PR REHEEEG ARBER

[(Fa2Umh242; FaUPh244; 7AVVTA241]
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- spectrometric measurement of

8840388253, (88231409, K83081943, N88080254

129 1 e F IS 04T & B E ST HE

Neutron activation and mass

1291.
STREBIN R S8 JR, BRAUER F P, KAYE J H
, RAPIDS M S, STOFFELS J J (Pacific N
orthwest Lab.,, WA, USA)

B0S49B (JRNCD) (0236-5731) J Radioanal Nucl Che
m

VOL. 127, NO. 1 PAGE, 59-73 1888

(A) (a1) (EN) (WD) (BEH4, =®1, £13)

129 | DB (MA) JEEERIET 22901, BEFHRE LS (N
AA) fIEERBORMEEMAICEEATES S IcE L E. FREE
FEOWTEEREEAEL, NAAXMAOTAETHHTLEEZ A, O
EREIEZOHEBEANT—ELE, FhoOREEEZXLIO'FF /22T
Hok

CC06010J, MBO2030K (5438.52/.53, 614.73:614.876)

HeHboAT TR X OHRRME: BEST EESI: B BE
IR REER
[&55%129]

8840400471, C88241568, N88080290
RFFaHRPOZANRT 7 F - FRECEER
Determination of actinide traces
in reactor water.

NIESE U, NIESE S (Central Inst. Nucl
ear Research Rossendorf, Academy o
f Sciences of the GDR, Dresden, DD
R)

E0154B (IPRAX) (0021-1915) Isotopenpraxis
VOL. 24, NO. 2 PAGE. 77-79 1888

(4) (a1) (EN) (DDR) (%5, $10) '
_;k-{%.ﬁnykqjmzssl\!’ p . 238U, 238 P u&UZSQ. 2-}0P u Eﬁﬁbtc 238
NpRUPu b V-3 OREEGZEROITICE - T**°Np (y#HARY bO
ARU=) BU**PPu (eHFARZ b QARY =) FRELE, 229 24°P
u, **'Np RO UDERICHEHEES SO PEFHELEFNEETH Y
» BUZBIZFNERAT 4 A3 Rl (3 NIBED -&EHH (0. 01N
HE) -BAAYEREEE (CL8) Ki->TUEHEELA=, Np (I
V)&UPU(IV)HTTA%&(IN@@)&U@M&(ION%@)
EEEAL, B4 s (NOsRUCL 8D Lk THESEEL
. RFHRBAOBEERDRUTBIAKEENGHLE, BEH OB
BRIEBORELCICER T £

CCO6100H, MD04040P (543.52/.53 OTHERS, 621.039.534)

BHAFGiR: BEFESEM Z7F2F 95223838 27V o LR
fztk: WU AR ZASSTT BELSH T FEBART BV
v EHES AT SHEFEBE: SRR T4 AR REEE/L B4 435
B8 FA7VEEE/2 Fhr/2 BRI REEW/2 BRERY: R
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8840483047, 83280919, (838192757, N88100944

A7a9 S UEBHOFBRLERROGLERT  PEFINVIIAERMET
BHFUWEE

Nuclide analyses of rare earth’
elements of the Oklo uranium ore
samples: A new method to estimate
the neutron fluence.

HIDAKA H, MASUDA A (Univ. Tokyo, Tok
vyo, JPN)

BO638A (EPSL4) (0012-821X) Earth Planet Sci Let
t

VOL. 88, NO, 34 PAGE, 330~ 3361%8
(M(H)EW(MN(EIS %3, #19)
_ooﬁbu#ﬁﬁwimtmREE@Hﬂﬁ#&ﬂtxﬁ#&ﬁ&wﬁb
. GdE2URBEEICEIWTREFINZIVAR, VI VORBEFS &
Vg F T 2 VF —2FET 2HLWHEERREI BRI ZLICHEIILE
o ZOHUWEHERIRA 7 OORBREFFICHITEINLOHEF LTS
DICESTH2. GAdREFEAVWTAAFERLIYFGLEREFOI VY
AfEE SmENdEfEEFWEDEOEE HERTLE

£C03090Y, MD08030G (543.4/.51:548, 621.039.1:622)

U5V BEERS: PEFINIVA RREEE: A0S K
V= LM EESY BAGEEL: Y5235 52238
RS ZAMSIT EERS ﬂbU PRI i

88A0S85077, C88351506, K88121522, N88121717
HATERUARERBREI>E- 1292 EI5F-12TOEE
Determination of iocine-12%9% and
iodine-127 in environmental
samples collected in Japan.
MURAMATSU Y, OHMOMO Y, SUMIYA M (Nati
onal Inst. Radiocological Sciences,
Nakaminato, JPN)

B0949B {JRNCD) (0235-5731) J Radioanal Nucl Che
m

VOL. 123, NO. 1 PAGE. 181-189 1983

(4) (a1) (EN) (MLD) (B3, =2, %6)
L2 F R DR T 2 Y I DR E 2Tl =, 188 (0.
9~4 1mBaq/kg), &t (0. 002~0. 11mBqg kg),
WEE (1, 2~32mBa/kg), #%E (0. 1~1. TmBq kg
) R HEEHNETIFRRMECERL, BEETEOIRESEE **°T (n,
) **°I, **"1 (n, 2n) ***IRBICEIYERLE, ZETRO~D
cmOFRETEL, 1Y 1 OEERETEY. I T TRERE
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TI ZW7F7ART POARN—REBTSY REv ot vORBOIS LS
VY LBEDEE

ET Determination of uranium and
radium concentrations in the
waters of the Grand Canyon by
alpha spectrometry.

Al STEWART B D, MCKLVEEN J W, GLINSKI R
L{Arizona State Univ., AZ, USA)

JN B0949B (JRNCD) (0236-5731) J Radioanal Nucl Che

I

U VOL, 123, NO. 1 PAGE. 121 ~132 1988
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$BC s Fol HIEDEL o« - ARY METER. /M5 RIS Gitek
fiAiz185mBq./1 (5pCi/1l) **RaTdHY, 433mBq.”
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CN 8940009570, C89011603, N89010233

I E&HHEETO>Pul* M AmDREKREY VFLV-YaviER

ET Simultaneous liquid scintillation
determination of %*YPu and 2**Am in

tissue.
a MIGLIO J J,WILLIS L C(Los Alamos N

ational Lab., NM, USA)
JN BO949B (JRNCD) (0236-5731) J Radioanal Nucl Che
o .

W VOL., 123, NO. 2 PAGE, 517-528 1988
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TI ggﬁ%%¢ﬁ%ﬂﬁmﬁﬁtié%U7?v¢U,Th%@ﬂ@K%%@

ET Determinaticn of U, Th and other
impurities in molybdenum by
radiochemical neutron activation
analysis,

AU PARK K S,KIM N B, KIM Y S, LEE K Y, C
HOI H W, YOON Y Y (Korea Inst, Energ
¥y and Resources, Seoul, KOR)

JN B0949B (JRNCD) {0236-5731) J Radiocanal Nucl Che
m

UN VOL., 123, NO, 2 PAGE, 585~592 1988
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1 BAAVRRICEZBERTOT c DER

ET Determination of "Tc in
environmental samples by anion
exchange.

AU CHEN Q J, AARKROG A, DAHLGAARD H, NIE
LSEN S8 P, JENSEN H L, BRUUN J, PEDERS
EN A H, MANDRUP K (Riso National Lab
., Roskilde, DNK)

JN P0S11A (0418-6435) Risoe—M (Den Risoe Natl
Lab)
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Tl EDXRFLEBHOBSERMEBECEZEAOT M) vy ABOYS Y
DEEDHT

ET Determination of uranium in
various matrices using EDXRF and
excitation by different
radionuclides,.

Al HOFFMANN P, PILZ N, LIESER K H(Techn

ische Hochschule Darmstadt, Darmst
adt, DEU)

JN " B0O949B (JRNCD) (0236-6731) J Radioanal Nucl Che
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TI BEHESAGTO7AVYIL- 24 1 2HstEAEIC L VERT D HEOTE

ET Evaluation of methods for the
radiometric measurement of
americium~-241 in envirocnmental
samples.

a) LIVENS F R, SINGLETON D L (Inst. Ter
restrial Ecology, Cumbria, GBR)
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Radon escape from New Zealand
speleothems,

LYONS R G, CROSSLEY P C(Univ. Auck]l
and, Auckland, NZL): DITCHBURN R G,
MCCABE W J, WHITEHEAD N (Inst. Nucle

ar Sciences, Dep. Scientific and I
ndustrial Research, Lower Hutt, NZ
L)
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Distribution and behavior of long-
lived radioiodine in soil,

SEKI R, KIMURA E, TAKAHASHI T, IKEDA
N {(Univ, Tsukuba, Ibaraki, JPN)
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Tl A2 FEHEROYS A EERE

ET Daily intake of uranium by urban
Indian population,

AU DANG H S, PULLAT V R, JAISWAL D D, PA
RAMESWARAN M, SUNTA C M(Bhabha Atom
iec Research Centre, Bombay)

JN B0949B (JRNCD) (0236-5731) J Radioanal Nuel Che
m

W VOL. 138, NO, 1 PAGE. 67-72 199
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T ICP-AAVETAARIMIA M) —ICEEFRFEThEUDEE

ET Determination of Th and U in bone
ash by ICP-ion source mass :
spectrometry.

Al KAWAMURA H, IGARASHI Y, SHIRAISHI K (
National Inst. Radlologlcal Scienc
es, Ibaraki, JPN)

JN B0949B (JRNCD) (0236-5731) J Radiocanal Nucl Che
m .
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Low level measurements of '**I in

environmental samples.

KATAGIRI H, NARITA 0O, YAMAMOTO A, KIN

OSHTA M (Power Reactor and Nuclear

Fuel Development Corp., Ibaraki-Ke

n, JPN)
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9040348708, KS0060462, NS0060417
BRYVFU—2aryitlEEIC LD e BEU B HEEEORREESH
Simultaneous determination of
alpha and beta-emitting nuclides
by liquid scintillation counting.
YANG D, ZHU Y (Tsinshua Univ. BeiJjin
g, CHN); MOEBIUS S, KELLER C (Nuclear
Research Centre, Karlsruhe, DEU)
B0949B (JRNCD)} (0236-5731) J Radioanal Nucl Che
m
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TI RTYZOULRERS O FELSB/ICHET BEFORTIV T Ak

ET On the occasion of the fiftieth
anniversary of neptunium
discovery. Chemistry of neptunium
in solution,

AU NIESE U (Central Inst. Nuclear Rese
arch Rossendorf, Academy of Scienc
es of the GDR, Dresden)

JN EO0154B (IPRAX) (0021-1815) Isotope

W VOL, 285, NO, 8 PAGE. 352 -
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ET Determination of '"C in alcoholice
beverages,

AU SCHOENHOFER F (Federal Inst. Food C
ontrol and Research, Wien, AUT)
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ET Simultaneous radiochemical
determination of plutonium,
strontium wuranium, and iron
nuclides and application to
atmospheric deposition and aerosol
samples.

Al ROSNER G, HOETZL H, WINKLER R (GSF-In
st. Strahlenschutz, Neuherberg, DE
uU) '
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ET An overview of all three stages of
the international radiocarboeon
intercomparison,

Al SCOTT E M, AITCHISON T C(Glasgow Un
iv., Glasgow, GBR);s HARKNESS D D (NE
RC Radiocarbon Lab., Glasgow, GBR);
COOK G T, BAXTER M S (Scottish Univ

Research and Reactor Centre, Gla
sgow, GBR)
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REDBBEY v F -3 v

Time-resolved liquid scintillation
counting,

KESSLER M (Packard Instrument Co.,
Connecticut)

A0226A (RACAA) (0033-8222) Radiocarbon
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Rare-earth trace determination by
simultaneous laser-induced
fluorescence and thermal lensing
spectroscopy after high
performance liquid chromatography
separaticocn.
DELORME N (CEA, Fontenay aux Roses,
FRA) .
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TI FEHEESPEFEEEORIC L I3ERETY 77 P05y, bUTL

kU1 8D mROER

ET Determination

neutron activa

of uranium, Thorium,
and 18 other elements 1in high-
purity Molybdenum by rediocochemical

tion

analysis.

A THEIMER K-H, KRIVAN vV (Univ. Ulm, Ul

m/Donau, DEU)

JN A03954 (ANCHA) (0003-2700) Anal
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