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Abstract: Radioanalytical chemistry is an important branch of analytical chemistry which deals with
analysis of radionuclides and their species in various samples, including all relevant aspects: development
of specific reagents and materials such as extractants and resins for separation of radionuclides and their
species from various sample matrix, radiochemical separation procedures of radionuclides, sensitive
measurement techniques as well as equipment and instrumental apparatus, and methods and instrument for

on-line and in-situ analysis of radionuclides. For decades, radioanalytical chemistry has played an
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important role in the nuclear science and technology and provided powerful support for national security in
China. In recent years, radioanalytical chemistry has made significant progress in China. A series of
innovative achievements have been made in the synthesizing and production of special separation
materials, high-sensitivity measurement methods for radionuclides, accurate analysis of radionuclides in the
environment, and analytical technique and methods of radionuclides in nuclear fuel cycle industry. The
professional research teams and platforms have been significantly strengthened, ensuring the fundamental
research in radioanalytical chemistry. All these have provided strong support for China’s national defense
and nuclear environmental safety, rapid development of the nuclear energy industry, and leap in nuclear
fuel reprocessing technology. However, compared with the international advanced level and China’s
strategic requirement in nuclear energy and technology development, there are still many scientific
challenges in several scopes, including high-sensitivity and accurate analysis of low-level difficult-to-
measure radionuclides, speciation analysis of radionuclides in complicated environment matrix, and
advanced materials and equipment for radiochemical analysis. The following points should be addressed
and strengthened in the future: (1) development of high performance specific separation material and
apparatus; (2) in-situ analytical methods and techniques for radionuclides speciation; (3) innovative
radiochemical analytical method for quality control of radiopharmaceuticals; (4) automated and intelligent
radioanalytical methods and systems for large-scale environmental radioactivity monitoring and on-line
analysis in spent nuclear fuel reprocessing. These efforts will certainly help to improve the level of self-
reliance, automation, and intelligence of radioanalytical chemistry and instrumentation in China.
Furthermore, some issues such as standardization of radioanalytical method, characterization analysis for
decommission of nuclear facilities, enlarging the application of radioanalytical chemistry in new and
interdisciplinary fields, and scientific research platform construction.

Key words: radioanalysis; speciation analysis of radionuclides; nuclear environmental safety; radionuc-

lide; extraction chromatographic resin; measurement techniques for radionuclides
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Table 1 Extraction resins developed by Lanzhou University for separation and purification of radioactive nuclides

HENE DI THES BIAMETHE EER ik
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LZU-Te-2 SR OHWNE, K I LI RA AN “Tc VR EENaOHA iU 43 B 5 AR Te/Re [6]
LZU-Pu TOPO, XAD-7Hfk Pu, Np. Th, U HNOA Bt Pu, U, ThAE K (HH [7-8]
LZU-U BHIR — 5 R (P204) U PRIy U [9]
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LZU-Tc-2(PS) Aliquat-336 9T YRHRRRA AR, =5 0 B 25 1 (pHA2~9), PR 20087 [13)
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Table 2 Separation and purification methods for ultra-trace amounts of important radionuclides in environment
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HTEVAR IS TK2003 i (0 i 4lifk UETGHF=10°
TKEE Ca/Mn I E 5 PulEl IS 70%~98%; [39]
TEVA #ffig&lifk ULTEHF=10%
Am/ThE{5H =10
PRI HTIOUTIE & 5 Pulrl iR 50%~80% [40]
AGMP-1M+TEV A%} 55 4fifk,
1AM s I AL Y] 8 mol/L HNO;#=ZHL, 2 AmMEICR A 75% [41-42]
Fe(OH),LT1E & 4; UTEVA+DGA S 4lifk, PukiHF >10*
135Cs [/ 7K TIKIRIZ, AMP-PAN & 4E; Cs[aiE=85%; [43-44]
AG50W-X8K: (i i%4lifl Ba 15 F=4x107;
Mo %15 H F~4x10°
%08r K Fe(OH) Ui 48 7 45 SrIFIHE>80%; [45]

EZ{NE

Zr. Y. GeRi5HF>10°




S /NSRRI O A A A A B BUIROR R 2

403

HARBENTEHRE. HE =k, 5
238U Xf g 230Pu M2 TNp A MRS T, SR
Fe(OH) ; Fll Fe(OH) , Wi 26 UL F1 WG 4 A [ 43 B 4%
P19 TK200 €8 )2 40 85, JF & 1 — B i 20 205 45
Bk, 215 R F A E] 105~ 10°59, 25 4 ICP-MS/MS
Wit 5 kAR AR, B R P T 2380 X 238Pu BT 3k I 4t
BT Tl R, SBE T g Al RE i Hp 238, 239,240, 241py
4[] B 43 A 381,

B X5 237Np 43 H7 v [l 67 280 B 5 Bk = 1Y 1) A
FH TK200, TEVA 5{ AGMP-1M % 3% 73 5 £1
£, I & T Pu F1 Np B [6] 25 43 85 i B2, R 45 Pu Ml
Np TE# Ao o B AT — 20, # R e 8 1
22py [a] i 7R 5 Pu A Np (9 [BISCR o i 38 19 Z2 8007
% Pu Rl Np 19 [ e = 35 0] 55 2] 90% LA 1, H [k
TR 1.00+0. 036051 X} F 2 8% & W W43, S
i DI SR AR I R A, RIEHEHZ
it o3 85 4k, 3 o 45 1 T 2R B A A R
— R I LR A R B W5 B, B e X A Rl A
A% R o alifh (% 3) .

13 MHEMEZRENERR

TSR PR A R I B R TR S P AR A

) 5t R i A I AR A ) AR

TUF T B GR A y 35 o 35 AL B REAX (B B
AL ) BT N T A (LSC) Il i, 2 J 5 A B K Y
FEACIN B R o 0 O O A M R R R T
BH 2B E I E & TR A R 1 R a0
FE, EEA AMS, ICP-MS, #H B i i% (TIMS) |
PR B 7L S (RIMS) %5, f % 1% /& ICP-MS
M AMS, H i AMS 1 40 87 8 00 BR A 4K, 3k #)
104 JRF R, PRI AR MR e T &%
L F PRI 30250, 36 4 R BEXT L T W 2%
U= NP7 N2 e a1 T i R G Y 3 R B
PRy GF 4R & B A% 2 mT 400 y BE I I i, 1A
SR PXS s A 5% R A0 13°Cs i1 T A7 & i
B7Cs 1 T, JC 3 Al R S 0 R 5 o
W (T, <1a) AZZE, o 500k R e v T
i, WA 51 5 XFFFe., ©Ni A1*Mo By &2,
T A AR R F AR E TRl S 3 T, M R ]
5 LSC W 36 i I 5t J5 ¥ o

AR, T B AR T S M A 2 Y
PR R A o 5 S D R L, 5 R
AL, LA 0 AR A B O M R A L (E
(ﬂl]“OPu/”gPu\ 135CS/137CS\ 233U/236U)'f§,§\o j&
5 4R, R B e R o S 18 A AF R O T A 4RO i

F3 LD 2 A% RS S S BT I

Table 3 Simultaneous separation and purification methods for multi-nuclide analysis

S R sii] AL FLAN > B AR BARS bR SCilk
2Np, 29.240.241py M4 AMAP4Cm PR HRHNO, T fiff; ST Koz i B3 2 [52]
DGA PR ] 255 53155 2Np: 0. 052 fg/mL;

ICP-MS/MSiill] &

237Np . 239, 240, 241Pu . 24]Am4';ﬂ244cm 7k1q‘é

238,239, 240, ZMPU\ 241Am4';n9()sr

e A

KA RAEK(HTIO)FEYTTE 7388 3L
TEVA. UTEVARIDGARIREE 43 85 4lifk;
TR TR o A SRR A IR R (LS C ) 1 S A e

ZRILVIVE 7 HEFEA; AGMP-1M,
DGA. TEVAZH IR A 32 4lifk;
ICP-MS/MS. oi%{% . LSCHéfSIA il

29Py: 0. 059 fg/mL;
240Py: 0. 035 fg/mL;
241Py: 0. 022 fg/mL;
2 Am : 0. 028 fg/mL;
23Cm: 0. 0015 fg/mL
IR IR T 80%; A tH R 5. [53]
*"Np: 27 pg;
28py: 1.14 fg;
239:240py; 136 fg;
241pu: 0. 047 fg;
2 Am: 3.2 fg;
2Cm: 0. 11 fg

Pu, Am, Srif[EICERT5IRT90% .
90%. 70%; A tH BR73-51
2Am: 3.2 fg;
38py: 0.41 fg;
29Pu: 3.5 fg;
240py; 5.37 fg;
241Pu: 4.2 fg;

%Sr: 0.06 Bq

[54-55]
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Table 4 Comparison on radiologic and mass spectrometric

measurements for difficult to analysis radionuclides

T i 4 R e

R DA R
ARSI i
H 0.05 Bq
(e 0.01 Bq <0.000001 Bq"
6C1 0.01 Bq <0.000001 Bq"
“1Ca 0.05 Bq <0.00001 Bq"
Fe & ®Ni 0.05 Bq
Sy 0.01 Bq 0.1 Bq¥
%Mo 0.05 Bq
9Tc 0.02 Bq 0.001 Bq?
1268 0.05 Bq 0.001 Bg®
135 0.001 Bg?
1291 0.02 Bq <0.00000001 Bq"
234,235,236, 238 0.1 mBq <0.01 mBg®
<0.000 1 mBq(*°U)"
Z'Np 0.1 mBq <0.01 mBg?
238,239,240, 242py 0.1 mBq <0.01 mBq(** > 242py)2)
HMAm & 23 2Cm 0.1 mBq <0.05 mBq(**'Am)?’

i 1) AMSHll

2) ICP-MSill#

¥, OIFE T ZF0 85 (% ICP-MS. AMS Fl TIMS
WA, HENT TR 1Y R P A R R I ik
5 ) 2 = VUM AT ICP-MS % % M 5 3 75 [ v v
AR R EFE A RN, AR T
HENR . TR R R T, KR T
T T YA o A7 TE T S M A% A B I o
R . 265 5128 T 30 T4 R i B AR D
OS2 O T A A R L TRV, R A
1Y TIMS. SIMS 1 AMS %5 5 i il &2 J7 2 0F 5% 1%
Wiy 2, PRI R AR D P 1003, i R TR
Wi 4™ g 25 Pu [F] {3 F 00681 12971691 41Cql701 | 90Qr{711 A
S0 2 1290 0 R R B R RBR T PN B 5
SRV A% 2 A S TR A RN BR85E R R A 9 TR KO, R
CANNEE AN € N TN A W S o Ol E 13
T TSR PR A 2 R R AR AR ELOR R R 2 1 R A
W 2 5K AT Bl S8 T 8 T 3 O B TR O PR A% R I R
oy B AR A7 22 L0 EDRS o0 o 7 vk R R o,
26 5 H T b [ RL 2 BE b BR B BB 5T T T & L
ooty o H AL R o BT T

5 BEBHGTETTAZ R ICP-MS/MS T i Jy 1 K HAR I B

Table 5 Measurement methods for important element/radionuclides using ICP-MS/MS

TUEER W7 RO SN HERE R A IR Sk
Pu JEA BT A, CO,-He U/ F107%; [57-58]
BNH;-He VBRI K% < Kt BR: 2°Pu 0. 31 fg/mL;
20py 0. 21 fg/mL
JEASE A, KPR 2°Pu 0.13 fg; [59-60]
NH;-HefERi# [ i <, %0y 0. 098 fg
APEX-U#kE
Ipie s 2 N BUFHE <5%107'% [61]
O,-HefERli#E i S, K BR: »°Pu 10 fg/mL
Am JEAE A, FEFHNT 107, [41]
NH,-He/ERli# B S K HiBR: 2'Am 0.011 Bg/L
R, FEE T I IRIA T 2B, [42]
O,-HefERli# 2 S, K BR: 2'Am 0.002 2 Bq/L
Np JEAT AR, T4 4x10°8 ( Hg); [48]
He Bl 2 <, K BR: 2"Np 0. 014 fg/mL
R, T4k 4x10°8 ( Hg); [48)
O,-HefERlif# i1 <, K HBR: 2"Np 0. 019 fg/mL
9Tc SR AR, K BR: *Tc 0. 9 fg(0. 6 mBq) [62]
O, VR N R,
135Cs JEA AR, K BR: 135Cs 2. 59x10°* Bg/g [63]
NOVERIFE N <,
APEX-QifF##
%St REETHL, Kz 4 BR: *°Sr 24 Bg/L [45]

He-O, HIfERIE 2 R <M
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Table 6 Analysis of key artificial radionuclides in marine environment
(5 3 EaniE ] GYES T R wiprS R % 3k
°*H K HLff TR LSC 0.05 Bq/L [72]
1291 K YT AMS 129]: 3x10710 Bq/L [73-74]
TR, A9 ARk, T AMS 1291127 1x1073 [23,75]
e K, FRALSREL, £1 221k AMS 14C:1x107 Bq/L [76]
TR, AW AAbkbe, 21k AMS “C/2C: 5x10718 [77-78]
%Sr K ILUTVE, ZEM A LSC 0.11 mBq/L [79]
1¥7Cs FK AMPZ fff YRETS 0.20 mBq/L [56]
29240py %N HYUE, AW EAGE ICP-MS/MS 4.0x107° Bg/L *’Pu [80-81]
TR, £ TAk, FRIEHR, ICP-MS/MS 1.5x1078 Bg/L *°Pu

EHLHE, AW

2.6%10~* mBq/(kg#1fi. 8 ) 2Py
7.3x10~* mBq/(kg* it # ) >*°Pu

FE Z OB Ja Ak BHRCSR P (R 43 3R A 7 4
AR @R E v N B G M W € TR (PN
JIr 3% A 00 e A i, TSP SR R L A B fk
ST AR R E B 22N KA B BB A T3 T B
EST R RS A sy B i &, 7T A R B
ZANRNBER A S0, IS ICP-MS 545 &
T T A SRR 5 Ah, AT EE T IR
FRBY i, 25 E 2 W O Wi 4, JF R TR
B R R SRR U R R e (N (A T
AT, MU T AZ B IS L 4 P O Te 1S .
FE o3 v [ R AL R B ST B 0T K T — B
T2 2 G B 50 500 £ AR (9 °0Sr f4 PRE 53 Bt 7
T, A BT O R R A R 00ST TR AR 3 S B
I E L,

14 AEGUBHBSSHLERTHRE

SR 0 B Al 2 B JEURE L O VR B R HE AR
AR, AN [R] 45088 4 75 SR A0 g AN IS [A] C
WA TR 2 OO T a8 AR VN i R N 1T
S LA 41

(1) ZHRRHG Ak BE b 9 T 0 A Al 2

Z ARG Ab R B N Z R T R I 1 4
R AR, TR i B T i i K AT o0 S R R
ML I R = i . HAT, FeE R AR BT
K JH Y2 BICH Y PUREX B2, B oo PRI | Sl R
IR U 2R O B RN ) s L A LA
M 2iAL S5 LA T2 BEA o i Ak =7 0 B B o
J A B R A A BRI AL
fn AT SN R A R A,
A A o AT Ty SR B AR L R R

FE B L A M 7 I, J Ak R Y TR P B S B
TR A K A -X F L6 B9 L g
WOGTEAL L & 208 -y 35 AL A 2 R AL AR 1Y A Bl
R A ), AR T TR E R AL T AR
Bl AER 1 43 BT KA o 2T PuCIV) A1 HNO; /Y 3 1
AN OGS B K B S Ak BRI R Pu(IV) B Y
Tot . PR BT AR, AT A 0.15~ 15 g/L 1Y 8F it
HURE, T 5 A0 R K 4y T2 AR 3L
Ty W WS 1 AR IO T v B Y 13 Bl Ak R
R, 23 BT AN B 8 BE /N T 2%07) 88 - 60335 43 Bt
FOAR N T J5 A BEAE b Z R A% R 0 4 A, i
PP DN S R | & N VA Y SR
i VTP IR 25 1 43 B 5 25, X L. TAIIO; = e
25 23 B R 98%~ 99%, AN [R] T 25 il 2 ] £
38 A5 Y /N TF 2%,

TEL A AT HE AR Jr e, JF R T 3 UL Np, Pu iy
A1 3 AR TUAT S X5 4R 5 0 1 0 B R wF g )
FRLCHE BR A 76 45 W ke 8 R R P, sy T ATl
ZEAMETE I PuC V) FAY R VR B2 78 4% 0 2 4 AR 1861
BT X GG BT 10 0 Te e J3E 7 2 W I 2,
SR AR S A B TS AR A SR I

R ER OB Es 2 Ny A [ NS - b2 o L
B, AR K L I Eh i A R L o B H R BE A
BT T BEBL A R HE (TMSR) #ARE b 2 40 AL 4% &
U SRANC N <2 T UL 5 2 NI R TR 8 2B )
95%30; 25 A R R AT WG IE L X G 2R M ik
T e R B O 1 A TR O I R R R
(A= oR T N7 5 2 N = -V =B = B o N e Rl B
B DE TRl ER B OGS o0 I A2 R
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JRZH Y FRUOT1020 B T 2 M ORI R TUMURL ) IBURE %% 5

(2) B A 5 A48 A A A0SR 1 T3S 43 H b 27

T i A K S0, TR SR A 2 40 A T 4%
R A PERE 12 W ia oK, 20 B 2 BHZ R 22U, 28U,
2391)11&3\:‘2%’1/[:#%239[_]\ 24°Pu\ 241Pu\ 2441)1.1\ 241Am
SE % FR LLAR AR FE i 0 HURE (7 505 20 BT A8 72
RSKI\ 87Kr . 85Kr"‘\ 131X6m\ 133Xe\ 133X6m\ 135X6\
%ZI\ 97ZI'\ 99M0\ 147Nd\ ISSEU\ 141CC\ 144Ce %&‘%‘f,ﬁﬁﬁ
PR KE ) (805311 5 43 Bl A4 7= 1Y L 99Tb,
19Tm | SLu, "SOHf DL R HEGfE 7= 88y L 190Tb,
lélTb\ 168T1’1’1\ 17°Tm\ '74Lu\ 177Lu . 181Hf§_é‘j:44:§<‘:—;4§i/2\%ﬁ
BEDES B X582 Wb A 2= 2
FEa: —BFEMER . BRE SR, miRRg S
VoS ME T R o HAR AL R R R A 2, i
SR TR 2 HOR W AR fb, 7 B A A A% O
WA A% AR RERE A, 45 AT A Tk R 0 E 4
Baifk BAr, BT S TR =R
[Fi) 288 70 R 8 g 04 3K e o o ] — A% 2R R
BT PR, 75 2T O A 0501 i 2 17
AL . M 20 TH 22 60 4R~ 90 4EAR, Tk &
J& T 2 A SR R A A i v RS A 2R TR A
203 B 7 1k LA KR S R TR AL 2R BT I i B,
HEST T FR G0 A 5 A 22 W s R R
RFR . 1996 “FEHF RIS, 5 T b B T e 4%
TER T Z i A 538 B K A i 24 A8 7 ) R A
PP R NP Te, 182 HE, 5'Sm 454 2 1Y U Ak 2
S3AT A FR OO B 8 i e A R ) A, A YK
MR AE R B IR B A% R WA R AT BT R,
FH T HESLL, '7Au, '°Tm F15Fe iy 4R X 717
Xj% ﬁ E ﬂ&n 235U/238U/236U EI/J % Q ﬁ E [98-99] o

1996 4% 9 J (4 1H 2% 1k A% 5 45 29 ) 25 1T LA
K, o BEA G T 1A A B R R U0, K
A% 2R A% A 32 W I A R A R it Dl ) B R R
ﬂ;iﬁ;‘:ﬁ/ﬂ/‘fﬂ,ﬁg(l}lxem\ 133X€\ 133X6m\ 135XC . SSKI\
37Ar ?/Iv‘@F ) *ﬂﬁﬁﬁ;&%( 1311\ QOSI\ 14°Ba\ 137CS\
134Cs, *Zr, *Nb &) LA Wy v] B 048 0 PE 5T, I 4k
Wi A 0 B )RR KB R ) SR bE . B T
T I A% 38 B AR, DA KR i A 3 S A R 4
RYERZR, 80CE A5 R 08 1 RS URL YA a Ch
WA o A e K B AR Pk R . & %k 36 AL O b IX
VbR KA K& B I oL, 2o i e D) E) 5 08 A g
MEs G 2 R K S i B S AR, e T
W PR B A5 T R I HRORE (4 AR P RN T R M ()

TFIRE T R Xe BURE TP Xe 25 4% R 5 RAFSE,
T 3k A 2 3% O SOR BORE U A S U0 Y
AR . 22 9 W% B 25 T B 4 N 4t Ak Xe £
AR DOS-107 4 i e T R/, Xe IORE B AR ME 8, Xe &
G HIK 105~ 106, % Rn (92575 1 KT 105 8
1 A3 ArO8) 133X e [ 437 2R OO0 (14 0 o A,
il TN T 288 B RS T A 2R Y R U
ARG (£ 7)), 2 m S 5 4 44141 (CTBTO)
(AT 25 | A 5 A% 2B ORI R e A% 3 6 A 7 A T
75 3 R Ty iz 12,

JHCIE 53 BT 1 2 8 B A% B B0 A 401, 2 B 5
T AL BOUF AR OC B AR B 5T 30 A% BOUE B AR J& X 4%
A LRSS P 0 AT IR R A3 BT DA R IR
A, EEA X E RS EAEEAZ M B Z Bk i
ISP B RL R R K R O IR AT AL A BT L B R
S A REE A DL B R R A RO . B BGIE
B i A 5 A MR SR A R JEORE, DL Sk AR A R
it A3 BT 1) 32 B Bk R T IR R A Al e At A% R Sy
BBy T4 o 3 2803 B 43 B9 45 G ICP-MS/
MS & Y B 2 RN b A ES IR B S i 4 R
HESL T R TP T 2829200280 py 43 B AR BE ST
FE R B B RAE b, V8 b A% 4 R BF 5% i 5 T 1CP-
MS/MS Hl MC-ICP-MS ll & # K, 454 He filf 18 2
AR | UKL A 2B RN O o8 iy R R R AR 2R R
SRR TEH AR S B & 04 R B A il R 7 3R LG fE
A3 BT 5 % 2BUASU R ER S 1077 /Y 3 B2
TR 2 BN T 1% 4150 50k g v i 4 A A R
EU A 43 AT 10 A 1 AR 58 SR e X 235y /238
2B4U/AU FI2OUAU AR 53 A AN 8 5 BE 43 5/ T
0.050%. 1.7% F11.8%. [FiF, JF % T %&F TBP-B200-
A [ RH A€ B Sl A B} Hh 239Th/232Th He A 09 53 BT 4%
AU ok vh 2% 3 4n A £ ¢ R U1 F P [R]
FRU200 S rp Rl [ 47 28 020 R B A T 2 U2 A p
T, LA R M RL E A5 J5 vk R R 115123

(3) RVt i 1 1 AN s S Ve R ) GRAZ TR W)
(4 S o B Ak 2

BRIz 17T & — @ BB M R R
(RSB AR TR H E AR BT . TR E AR S BEER 1989
A AT AR 1 R TR S 0 A T ) — R )14, R
FE T 45 b 28 A% A it 1) SR A R W00 4 A, X T A
HL ORI N HE R WS SH, S%Co. *°Sr. *°Sr,
106Ru, 134Cs, ¥Cs; XF T Z AR Ab BT 2 2 W
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Table 7 Sampling and measuring apparatus for monitoring of gaseous radionuclides in atmospher
ARG W%t 4 BORFFAEAE A TEHER SCHk
RATIEHER A5 By alifb R 58 13Xe, 5Xe ARG VRN 3T 075 3 25 o 4R TR ] << 1 b [100]
il & @i Rtk Xelrli4>90%;
Rn£i5H 1 >10°
IR TIRE S pANS 133Xe, 3Xe WA AT A s R TAL 2 BUREH: 5 mL Xe/24 h; [100]
VU2 B/ B e SR A T BURER 4 9 m/h;
Xe [T >80%;
Rn£i5H1>10°
i =AU Z$ANS 133X, 135X e rhas R LB R s R AL B HBUREHR: 3. 5 mL Xe/24 hy [105]
BTSN P TR Y i B s e[ >80%:;
U5 /A 2 A B 2 RnEFRHF>3x10°
T A sh eI R 133Xe, 5Xe AT S A5 B 231 B s SRR 2 m’ [104]
23 LA AL B I EIH <120 min;
WA HPGe yAE I i Xelnl 3 =80%;
13Xe ki FE: 0.26 Bg/m?
XESPM- T BT STH4: X ekl R 52 33Xe, ¥Xe TR i REERN 30 T AL 2 Ui 20~30 m?; [106-107]
ARRIRAR 5300 7 185 e 4 Xe[T4~80%:;
VULt 53T TR A AL RnZBREF>105
5 HEHPGe vl & 13Xe #iHFR: 1. 0 mBg/m?
MARDS-1A#3)) 7 ArfRIN R 5¢ TAr T IR BRI AT G AR EE: 0.50 m?; [110]

BB AL

ArfElCR: 70%:;
Ak HBR: 0.5 Bg/m?

08r, %Ry, %Ru, B’Cs, ¥Zr-"Nb, 23U F 2*Pu; X}
T HE &L T E YN °Co. *Fe. ©Zn. **Mn,
SICr, Mo, PTc™, “'Ba-'“La fil “ICe M % . K
B O R PER R I Kr A1 Xe [A] fif
2, L A7 28 (B, 11, 1) AR EURE S K 4R
#Sr, *Sr, 1¥Cs, ¥Cs, “Ba-'"La ., {H H iAKW
ATl bm 5 ek R PR 22 L TR B PR gk )
U AE K, B R 43 BT BOR B P R e, A% it
it b W A% R R B AR B, an ]S

FPH, MCL L AT Y CL PFe, ®NiL PTe,

197 A U TR BT 1 A BT RE S R, AR T
TR E R, P, R A Sk RAELR b
Ty B &, AR 09 43 BT O i R R AT M A o
WL A REHE R

% B i 32 17 7 AR 0 R o S P R ) T R
TiE, 43 e 3 B2 S o A% 3R DA Ak BERD AL B
3o R UL R % R it IS R ) A A I TR B
JE U8 i 3k i B T S 4 R i A 43 AT
RN T LR SR Al /NS % K]
FZIOCEEFE . FE 20 42 50~ 60 4510 A% 1%
Ve (0 35 A% S 07 Hi A1 = 490k Ak B 358 G ) K
O XM It AR, HIEY KA Z IR L, %

RARME L, R 2 HE BB &8 R e T
1) Hh K 77 i ) M D 24 AR 7R ) 5 T AR R O
Hog —demmtEmai o MBER) . BIERK
JE) — W 53 RG2S A TR 1 % ) (induced ra-
dioactive waste) Fl175 44 it 5 14 & #) ( contaminated ra-
dioactive waste) o Hil & & 5 A i B 6 Ak, S PR
R oA TR RS, FE B0 B N HE BN B A%
IS P A2 R 5 AR B RL 5 JS A = 8 0 HE HE LS L
SN, T A AR N M Ve A K BT K
O, O R E A T MR R, % 8 4
T A B AR A W S ) B R

A% Vit AR 8 2 ) A o A B R R AR,
B X g 206 Hol o3 52 2%, UL B A ol 2 B A TR o
T A AW 2 WA N B T A R,
By Z R AR w LY, A 4 )8 (B 8. 81) .
B M G 4 SR Wl 8 M TR R (REJR . CaO
)5 A, BIERIEVREARE — BB K, FE
FE 8 B 0] N 43 BT e B R 5 R, R R P
T it B TS SR P KT g, A SRR % R S 9 R T
ik 10° Ba/g LA b, #RAEMERE K K FEM N R
Gy AT AN Y5, AR PR R AR R BRI,
B X AR A% 2 W FE o HE o B A% R R R AE 4 BT
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Table 8 Main radionuclides in decommissioning waste from nuclear facilities
PR SRR O AR TR R
AR TERY) oA R A A ARG 3H, “C, *Cl, #'Ca, **Mn, %%Co, *>¥Fe, > ©Ni, *Nb, *Zr, **Mo, '*Ru, '?I,
l]OAgm’ 134CS, 152,154 EU., 2387241[)1], 2‘”Am, 2“"244Cm, 237Np%};
YA SRR BB EE H, C,CL YCa, *M, ¥9°Co, *FFe, ©> ®Ni, *'St, *'Tc, *Nb, **Zr, *Mo, '“Ru,

1291 IIOAgm 137,[35CS 133Ba 134CS 152,154, 155 Eu. 238 24IPu 24[Am 243.244Cm 237Np§_ﬁf
5 B > > 5 5 3 3 3

e /NER 21280 Lol S ST T R AN S Y v, A
58 B 3 S AR B b Coxidizer) 5 W A BXH
MIREE L . A8 W s, &8 RS H MeC 1
PR o3 B 5 U200 TR P v W P CaCOs TILVE 47
B A NaOH & ¥ Ca( OH) , 3k #8 1: VTL 3¢ 4li 1k 1)
HCa AT AR, AgCLUTIE LS A B B 7 58 i 1
TE 43 B 1Y30C1 43 B H R U281 55 %Mo Ji Sz by iR
B — MK Ea G YR, BT AR
PERTAAT R 5 4%, BEMES BT o A AR R AR 1
TP LA MoO;™ [ B A7 16, L AE ALO, {4 - 4F
R B R, TR R T — i 9 B S A8 o €5 5 43
BIEA ALO; o3 A 4y 25 4l 4k 19 Mo & & 73 7 7
L0290 JE T 22 R 2R T R I 5 AR 2880 A T A
JE BT 43 8 J 325 A i 2l T 3R 4% 12 0 9 R A0E

K 8 22 A Tt 1) O PR R AR A%, X6 R A A3 B
() 5 SR MOk B R o HH AT R T IR R 2 T X
AR, BTEBER T EWNEALR T E M7
BRD o B X R A S T Y A Bk o B
SEFTIR AN AN DU R R = A
& 53 BT 5 %, an%Zr, Se. 17Pd. ¥'Sm 4§,

(4) % 2555 22 4 A B8 T80 S PR A% 5 v 1) 8 i
ST A

NG IR TR R AR
W05 YK HERL . A8 17 55 B B OB T
R o TSR MR B, R SO T ) B A R B R
FROFN 3% A6 FLAEE, X 1 i HC A 555 R0 N IS gkt B 5%

U AR A% TG e A R OCE B, [, B 2
I35 v 1 S A R A AT L AR i R O A%
Pl PR 5% o AR, Q0 R AE BR RN K A A e L KR
B IE RN A T S A B A4S . it W B IR A
JoT v A IR T A% R K R A HE AT E R 43 AT
ARG S AP BRI REAR, BE%
S, S R PR B AT WA S AR TR (2 9) , ik
oy BT T SR AN TA) o 32 S0 380k 5 43 BT Ak 2 1
F PR A5 TR BT A B R R T
R NHT . 2R FIE 87 DL 20RO T 1
PR S5 BT, 30K 8 SR 3T AR R S 3 BT Ak A BF 5T e T
BR B 75 1] o

2009 4 LAk, v [ B 2 B b 2k B 58 it 58 i (e
FHBE IR BT ) FF & T 2 50 IR EERE & v 2 Bk 9 4
B 2 043 M5 36 HFE 3 MV G 22 TSk 2% T 3 43,
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Table 9 Radionuclides from different nuclear activities: speciation and diffusion

HR ETYE EBL ¥
PR BICs, BIL, Sy, H, 1C, %R, 2Py S NS KA i, KA, KB
Bt BICs, BIL, 1, M, WSy, PTe, PSe, Fe, ONi% s ki KGR M, KA, KR
et
AR
B ek HE, NS, 297, 2. 20py, e S kS R T S, K

MR TG YL

SH’ 14C’ 7‘)Se’ ‘)OSr’ QQTC, 129] . 7956\ 239, 24UPU\ 233,235U%

KA TR SR, L K




S /NSRRI O A A A A B BUIROR R 2

409

AN A, S T KRR R HE L DTRLY A Bl A
Py 00Sr 14 43 BT 7 i, KRR HROOST 1) R B 35 #
0.1 mBq/L. X EHEH T RERELRN
G0, TERE L FORR B il M TR A TR b R 2
ot T 057 0 00 H SRR, X PR RN T
IKBEAT T R PR A, R4S T IR R A IR
PE K TR 4 5] i 1933947, 130390 i 5x e B 3R [ il
Hi B0 85 4 3 4 b 32O TR S M R B e
KPR AR S VE A R AR R IR o A, R B R P L
F L AR b Hb DXOFN T VA AR R L R, (R R
FE A BR A 2 B 7 ¥ KO L, B A 56 4 Bk
R R R g 32 5 8 1G0T VA v a0 N T K
N = A = (A o TR N s Rl > R e 2
BT SRR KCEIE Y, WA Z B R E
77l B 5 e

7S N TR T L LN U N W =Y W T
R R L 2 bm o 1 3% [ DUV e v E L DR 2
A N S 4 SR B 57 140 38 3k 40 A 5 T TR
D7 A, M2 T B VY = R K T+ DR R A

AR BIFE T X R P R K O R LA

SGIRUN TR TR ALY/ R N TNV NR7 9 N o
Oy, N BRAE ST T R AR g O 0 AR R A AR
il PR AL 7 e, F 5 3 [ 25 4 B4 JSAL o] A
I AR 30, BRAT 80 4F R N T A% 3 3l iy 228 £k 143,

JE 1 YRR IA TR R B BE 1201 32 ok JR T BRI Ab 3
T R AHE O R DIV B R R e e, ax i
1297 g b 2 Bk v 47 B AT 110 75 AU i 2 TR AL, 7
At 1) B AR W 4% 2 UM T A A% i &5 3 [ g £
EnW e B R I T B U e e 715 A B | O i
WEIE, AR T UE AT K 5 R I K G R
B 7K 5 i T U K B AR TR K 141 3B gl i U4, LA
T W i K A I8 52 4% 48 s RK [ g e leel, 5
A, 30 3 I R AR ) R A C I K RS AR, R
BRI RPEAS T 3R B 2 A 0T Ak A TR R R
A 1 HE i B AR AR, 25 T AS TR Ak A R VR
T SRS A AR Al 47190

(5) RS 1k 245 4 AN A% 5~ v TS 0 T Ak 2

AR, B 12T — RGBS I BR Ak, T
SV R IT R M BT & R . BE
S A A R T S R 4 R R
P 2 SR A G 0 R 4 g G 43 S R Ak i A E
AT Ak s 78 50 1 245 W A R filE v, R R O
FEAE WK D91 AR AT BIF 5, 3 S B O )
Brib i 4o gt S8 . Ak, B 50 B i M )
P2 0 7 A B A, 18 2 B O P A
FWF L TAE, 21050 T H Al 322 B U2
RN H AT R TT e 22 ik 2 o B
PE R 28— B P A 3R, OO 40 A o i A

F 10 J2 B T IA) o 3 A 7 v B T Al 2 23 B oR
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