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Accurate Measurement Method For Internal Radiation in Human
Body Based on Radionuclide Localization

Yang Yixin!, Fu Can?, Hou Xin!, Liao Peng', Yue Changqi'
(1. Department of Intelligent Measurement and Control, Automation Research Institute Co., Ltd., of
China South Industries Group Corporation, Mianyang 621000, China;
2. Safety Protection Department, CGN Huizhou Nuclear Power Co., Ltd., Huizhou 516399, China)

Abstract: To enhance the accuracy of whole-body counter measurements for internal radiation exposure in humans, an
effective method for determining the deposition of radioactive nuclides in the human body is proposed. Four measurement
analysis modes are designed, and efficiency calibration curves are defined for each mode. Experimental results indicate that
this method can accurately identify various nuclides, exhibits small measurement errors, and the measured data accurately

reflect the actual situation of internal radiation exposure in humans.
Keywords: radioactivity; internal exposure; radionuclide localization; efficiency calibration

0 38

B SR T R AT AN BT R R, N A R AR TR
MR RAER AT A LR BB EE M EAR
Y A AT B0 T2 N o A AT TR 1 A
N GBI 2, TR 5T N AR B 2 ok
Ko HEDH LI B AR TS 1 % 3R B B IR 5
N P B R0 L PPl e B R R 4 AN R AL 2

W, BUNMERRED 2 MR e st AN NK, 7R
AT A3 53 03 A, 32 EEPTRE N AR s E 4% B
U SN =N 7 = R S 7 N i R NG N
R WA N TR R AR A it
oAb, Z AR /AN ER IS B (minimum detection
activity, MDA) A 8 i M Z KM, HEr, 8 A s
SLAA BB AR T U A R AE A NAR N 1S
oA R B Al B REAT I E T, K S B0 A
RGBT < B R 2 K. B BLEBR,
BT NAR TR PR A OB L TR T

WS EE: 2024-10-10; f&E HER: 2024-11-11

HEEWB: WA XEAH & EDE (2024YFHZ0183)
E—EE: WY 1974—), B, WA,

1 AFEAMSMERENEREMFG A

9T REE S N AR A TBUR VE A% 3R 22 05 (L 1 A
I35 SR, @ EER A 2 A R L EAR N 48
SR IR 2 A B DL AR &5 9 v 50 DL S 0 1 F)
B TR MR TSR R R AE A A TR R SE B
T 0L, K I o A A 2 20 D DR BRI s e 0
B, &S MEMNEEMNE 4 FEX. BERIE
3 A A 3R] DL SE 0 A v b DT T N A 32 B 1R B IR
A, AR T BN A T PR R A A o A
B A R AT I N R 2 O o 3 3 U
VETS G e N AR N TRRG DLt AT 20 9%, SRS E NI &= 2>
B QT BEAT AL 2 #r s AT DA T B R B ik
AR A BB A% 3RS Y M SEBR S DL, A7 R0/ 1
MEIRZE

BE T TR AZ R A ROE AL AN A4 A TS el
EEBEWE 1R, KA Sk oy BN A BRI g
FIiH B R AR 9 4 DAF R HAETER, RN



« 56 Ex Q@

& 44 35

4 MR R EAR S IR A AR SR AR R N
R RARAIRES, I 2 A L DL BRI g8 T AR
BEAT UL A O 2K, A DG e SE oA A e e B
A w3 3 B v B A T A SR PR o AR A S B
I BRI ES T BOR A R, BT A A E UM
PEAE AR TR X 38k, ACHEPR BRI S oL i
MR, SRR B s, A
By e FE e AU AR 30 2 A S DL BRI 25 F) T £k
HBEAT IR BT A5 TH B AL, Al AT B sl R R
M SEPREE R, M PRIE 1 A3 I & 45 R IAF & A

(NS T

A2 B LI B 3 AAR AT F
AR L3R B A A et R

!

ARAB2AN Bk B IR ] B2 6+ B
I fest B 6 F AT

!

FF2ABOA BRI B0 3 41 B e T BB 6l
AR R T AT AAR ST 3T HLER

B 1 ANFERRESEUERE

THECR I R IFE AR T :

R=Cupper/ Cundero (1)
A Cupper N RN EE IR Cundger A F IR
AET R

BT AR BB S R DR B AR, 2R
HETF 24 KL B, 5% 2 AN A
FIEE R . R4 EERIMER I TH A Cupper AR ERI
BB Cunder FIECAE R 3 AT DU 58 TS 1 2%
ENENEIRE DA 24 R>5.5 B, UBH L3R
IR R T R RIS T BoR, U R
FESAGTHRAR: 24 R A 2.5~5.5 1, B EE
28T BOR KT BRI BT B HE & AR,
B R R F A TR 24 R R 0.5~2.5 i,
Ui B PRI ) T EE R S R R 2% O = A
Ko BURPERRRAE NI S A0 24 R<0.5 B, Wt
3 B 7281 1 o S5 v Nl N 7 o o 2 O
WU REE A TIHE.

FOR AR 2 A Il A, 4 5 il 2
TR 55 0 ) 2 A X, 5 R o 1 203 ) B SO A e 4
SR M 7 A I G R TN A SR
TR HUR AR B0 4 B A B 4 Rl & 4 B A
3 20 BE it 42 34T 23 Sl e S

1) FURBRIE > A SRR ZI L i 28 B 1T
/AW T
In(Eff)=-10.17+2.51xIn(Eng)-0.23x(In(Eng))?.  (2)

2) i Iy M A KRR 2 B £ s BT
~ AW
In(Eff)=-33.63+8.89xIn(Eng)-0.68x(In(Eng))*.  (3)

3) G MED IR BRZI LML Es i 5E
AW INE
In(Eff)=-13.11+2.85xIn(Eng)-0.23%(In(Eng))*.  (4)

4) oo B HR I M SRR ZI B 28 Es 1T
/AW T

In(Eff)=-7.85+1.24xIn(Eng)-0.12x(In(Eng))*. (5)
{: Eng NHFZRAEE: Eff N4TLRERE Eng MM
HIH
2 MWK SR

A AU T P58 S5F e 0 PRI 2% ) T B R B, BLsE
BT ASC 5% PR A Sk R 00w IS 0 7 B A DL 4 B
THECESFENLR ) Nal(TD#RI &, K B A AR5
fiK. wWI AR m. e Em a0, EEas
AP B S I . AE D S 56 R R R S TSR R, A
& 19Cd. Co. Ce. ?“Hg. 'Sn. 7Cs. %Y,
0Co 4L 8 PSS EZ R, HAHE » &S H I 1
Pros o

*k1 BREMHFESH

Rez/ . AT IR R A T
E e E sz H/d % A/B .

i keV * -~ FE(K=2)/%
109Cqd 88.0 4.614E+04 6.421E+04 4.1
57Co 122.1 2.717E+02 1.513E+03 3.4
139Ce 165.9 1.376E+02 2.272E+03 3.6
203Hg 279.2 4.659E+01 4.769E+03 3.5
138n 391.7 1.151E+02 3.912E+03 3.9
137Cs 661.7 1.099E+04 1.906E+03 4.1

898.0
88
Y 18361 1.066E+02 6.418E+03 3.7
1173.2
60,
Co 13325 1.925E+03 3.045E+03 3.9

WA U IR B T 4 S s ik X 8, Mk
2R WNEZL XA TR B 3T @ S0 & A6
DUEEY, B 5 A AR B B30 7 T FOPR R o il 35 55 R
5 s 0, Tt 4 5 0 e =0 SR R 4 =
X, MENKEEN 60 s. L4 &&= N
BIFEAT 53 BT

FE MR S 56 H b T SR 28 6 A [ i R S £ i
[ e B 2—3 P

WRAEFERER 2—3 mlhn: LRS- Eon
229 166 378, FERMEE I ETTHECH 211 407 999,
BNy 60 s RN B IFEELE R M-



128

ZESIETIE SR ¥ A PN N B IR R s g S .57

229166 378/ 60

=1.08. (6)
211407999 / 60

Peak: 107.61

FWHM: 153.33 FW[1/5]M: 425.34

Gross Area: 229166378

Net Area: 227578871 £27691

Gross/Net Count Rate: 4041.74/4013.74 cps

Count

Energy/keV
B2 LEHMFEEE

Peak: 104.72
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88.00 110.86 87.07 1.056 2
122.10 148.49 121.30 0.652 6
279.20 321.59 280.54 -0.478 2
391.70 441.95 392.96 -0.320 8
661.70 724.19 662.06 -0.054 8
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88.11 4.2895E-003 4.2877E-003 0.042 1
165.64 5.3203E-003 5.3336E-003 -0.249 4
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88.00 7.6771E-003 7.7062E-003 -0.378 5
165.10 8.3731E-003 8.3228E-003 0.600 2
279.00 8.3507E-003 8.3435E-003 0.086 3
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