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Radiation protection during use of **Ac

LUO Yu LIHuan RONG Maokai DING Yuan
(Chengdu New Radiomedicine Technology Co., Ltd., Chengdu 610200, China)

ABSTRACT The dose equivalent rate of *’Ac and its daughter equilibrium system were measured and calculated.
In addition, the dose equivalent rates of "'l and " Tc with the same activity were also calculated. The tenth- and half-
value thicknesses of lead for *’Ac were derived based on measurement data. The results show that dose equivalent
rate at 0.5 m, for unshielded 85.5 MBq **Ac, is 4.56 times higher than dose equivalent rate maximum limit 2.5 uSv/h
of personnel operation positions form standard. The measured and theoretical values of dose equivalent rate at 0.5 m
are more consistent than those at 0.15 m for **Ac source, especially under lead shielding conditions of 0 mm, 5 mm,
10 mm, 15 mm, and 20 mm. For the same activity, measured dose equivalent rate of **Ac is about half of "'l and
about 1.5 times of “"Tc theoretical value. We should pay attention to external radiation protection during the use of
*Ac. It is suggested that, 20 mm can be used as the lead tenth value thickness, and 5 mm as the lead half value

thickness conservatively for *’Ac and its descendants.
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Table 1 Gamma rays emitted during the decay of **Ac and its progeny

TR y I R RE R (3D / A A SRR (FEZ TR RERE Y /
Daughter nuclide keV FIG)E) / MBq (Gy'm*Bq's™)
y-Ray energy (branching  Equilibrium state, activity ratio of ***Ac to Air kerma rate constant
ration) daughter nuclide (daughter nuclide activity)
2ipy 218 (11.4%) 1:1(85.5) 1.74x107
*PBi 440 (25.9%) 1:1(85.5) 5.44x107"®
27 1567 (99.7%) 1:2.2%(18.8) 7.52x10°"

465 (95.4%)

e ORI 22T GEAREg K 6.1,
Note: D Radiation safety manual (PAN Zigiang) Table 6.1,

y SR R AE AN R 57 i J J5E T 01 9 53 1 5 K AR B Rk 1AL 2 RS HAAN DK, &
(RSB FIR) OF RSO MR NV NEIERS, Sy HLRRFESER, SRELES,

HitHEER L 2.

K2 yHRET R BRIR T KR A5 K®

Table 2 Attenuation factor K of gamma rays under different lead shielding thicknesses

PR BYREUZEZ / mm

@

Parent Lead shielding thicknesses

nuclide 5 10 15 20 25 30 35 40 45

2 36.7 1.61x10° 6.83x10* 3.15x10° 1.15%10° 5.06x10’ 2.15%10" 9.91x10”  3.64x10"
*PBi 257 625 16.8 43.0 1.22x10° 3.53x10° 9.14x10° 2.69x10° 7.26x10°
SVE 1.21 1.42 1.72 2.79 4.17 6.12 9.35 15.6 23.8

VE: OFMBELFN 9555 550K A B2 3 077G 080 QR T 2 Fr 248 K 5 19218 keV () y 928,25 mm <30 mm.35 mm <40 mm 1
45 mm HY ST GRS B B 308 ) (O A8 34 ) B2 1L rh i IR 8055 45 H 5 107 % B2 1) % ) & 23.8 mm, % 77 25 mm 30 mm.
35 mm- 40 mm A1 45 mm $5 065 B2 ) 95k 55 £ 25 S i K=K ™ K ™ Ko =K 10 Ko man > K3 =K 15 0™ Koo s Koo ™K ™
K Kos mn=Koss s Koy o VT AR s @ T REAS [R] I KT 1.57 MeV H1465 keV 1y 2k . 7ETHRIREI R 5 K B, (RSP b IR y
BB 1.57 MeVs

Note: D According to the rounding rule, attenuation factor K retain 3 significant digits; @ for y-ray of 218 keV emitted from **'Fr

~

decay, the lead thickness of 25 mm, 30 mm, 35 mm, 40 mm, and 45 mm has exceeded the maximum attenuation factor of 5x10’
corresponding to the lead thickness of 23.8 mm in Appendix 11 of the Introduction to Radiation Protection (edited by FANG lJie);
the attenuation factors corresponding to the lead thickness of 25 mm, 30 mm, 35 mm, 40 mm, and 45 mm in the table are calculated
K. XK K K, XK K K. XK K, =K, XK K K

5 mm 20 mm? 30 mm= 20 mm? 35 mm= 20 mm?> 40mm~ £¥40 mm 20 mm?> 45 mm: 25 mmeZO mm?> respeCtlve]y’ @ 209T1 emlts
y-ray of 1.57 MeV and 465 keV. Conservatively considered all y-ray as 1.57 MeV, when calculating the attenuation factor K.

uSIHg KZS mm= 10 mm 15 mm

3 FE™AcVRE0.15 m.0.5 mAbySHERHELERC

Table 3 Dose equivalent rates of gamma rays at 0.15 m and 0.5 m from the **Ac source

BHAZR 015 m A MIFIE S EFR H/ (uSv-h™)

(©]

Parent Dose equivalent rates at 0.15 m
nuclide Y BE 5 Z / mm  Lead shielding thicknesses

0? 5 10 15 20 25 30 35 40 45
*'Fr 23.8 0.65 0.01 0 0 0 0 0 0 0
Bi 74.40 28.94 11.91 442 1.73 0.61 0.21 0.08 0.03 0.01
Tl 22.62 18.66 15.88 13.18 8.10 5.43 3.70 2.42 1.45 0.95
A Total  120.82 48.25 27.80 17.60 9.83 6.04 3.91 2.50 1.48 0.96
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Lk
BEARZER 0.5 mAbIKFIE S EEH/ (uSvh)
Parent Dose equivalent rates at 0.5 m
nuclide FBEMEE / mm Lead shielding thicknesses

0 5 10 15 20 25 30 35 40 45
*'Fr 2.14 0.06 0 0 0 0 0 0 0 0
*UBi 6.70 2.60 1.07 0.40 0.16 0.05 0.02 0.01 0 0
Tl 2.04 1.68 1.43 1.19 0.73 0.49 0.33 0.22 0.13 0.09
41t Total  10.88 4.34 2.50 1.59 0.89 0.54 0.35 0.23 0.13 0.09

T OFBBLHN , 78 LB R R NUNE 2 604 T OB HUE N 0 177 B 4B 3R g9 (5 B k=1 TH AR

Note: (D According to the rounding rule, dose equivalent rates retain 2 significant digits; (2 the dose equivalent rate with a lead

shielding thickness of 0 is calculated based on the attenuation factor K=1.
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Table 4 Beta rays emitted during the decay of **Ac and its progeny

THER P LI KAERE,,, PRI, T ACH TR IE ISR IR R AP R ERETIR
Daughter nuclide (32D / MeV BELL(FRZETEED /MBq  E, / keV Hru,/p® | (m>kg"
B-ray maximum energy Equilibrium state, activity Bremsstrahlung Mass energy absorption
(branching ration) ratio of **Ac to daughter average energy coefficient in air
nuclide (daughter nuclide
activity)
Bi 1.4 (65.9%) 1:1(85.5) 467 2.960x107
*UBi 0.98(30.8%) 1:1(85.5) 327 2.893x10°°
*°T1 1.8 (97%) 1:2.2% (18.8) 600 2.953x107°
*“Pb 0.6 (100%) 1:1(85.5) 200 2.672x107°

T - OZ (R BT 318 OF 245 E4) M2 1 Budls W HRE SRS .

Note: (DObtained from data interpolation method in Appendix 1 of Introduction to Radiation Protection(edited by FANG Jie).

BT S S CE AN TR B o B P 53 £ A K AR
P GRS BT 4R S10) OF AN D R 11 A A AT 1S,
PIBURM PR R E AP NEER, HiFHESS

RUFES.
BRAMES LEAM S EANGOR, &
BEIEER AR ER, SRENEK6,
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Table 5 Attenuation factor K of bremsstrahlung under different lead shield thicknesses

RS- IRE B RUERE / mm

HE,/keV Lead shielding thicknesses

Bremsstrahlung

average energy 5 10 15 20 25 30 35 40 45

467 229 512 13.0 30.1 74.9 1.89x10°  4.76x10°  1.24x10°  3.33x10°
327 481 252 1.42x10°  7.85x10°  4.41x10°  2.56x10*  1.43x10°  8.17x10°  4.62x10°
600 1.68 3.25 5.32 9.63 18.3 33.6 62.6 1.24x10°  2.38x10?
200% 233 6.00<10°  1.60x10*  4.36x10°  1.09x107  2.55x10°  6.55x10°  1.75x10"  4.75x10"

1 OIS LR, P55 5 50K IR B 3 80 2 @0 T T34 R 5 200 keV ) B0 I B Ha% F CRRAT BT 210 ) OF 8 340D
B2 11 7 0.25 MeV BB HE AT IR 5075 1, 30 mm< 35 mm <40 mm A1 45 mm 4} E 5 GRS B S8 O A 4 M2 11
PP K U 55 45 B 5> 107 B2 A L 27.3 mm. R 7 30 mm . 35 mm .40 mm A1 45 mm 5545 B A9 55 65 500 e K, =
Ko Ko Koo =K o Kos s Ko mn=K 15 ™ Kons s> Koo =Koy s Kos o T A5 H o

Note: (DAccording to the rounding rule, attenuation factor K retain 3 significant digits; @for the Bremsstrahlung radiation with an
average energy of 200 keV, the data of 0.25 MeV in Appendix 11 of the Introduction to Radiation Protection (edited by FANG lJie)

was directly selected for interpolation calculation; the lead thickness of 30 mm, 35 mm, 40 mm, and 45 mm has exceeded the

15 mm

maximum attenuation factor of 5x10” corresponding to the lead thickness of 27.3 mm in Appendix 11 of the Introduction to
Radiation Protection (edited by FANG Jie). The attenuation factors corresponding to the lead thickness of 30 mm, 35 mm, 40 m,

and 45 mm in the table are calculated using K, =K %Ky Kison=Kiomm Kosmm Kaomm=K s mm™Kos mms Kis mn=K0 < Ks mms
respectively.
R6 BETACYR0.15 m.0.5 mALHIBURS AR L EERC
Table 6 The dose equivalent rate of bremsstrahlung at 0.15 m and 0.5 m from **Ac source
PIEEESPRIRERE, /keV 015 m AL FE M ELR H/ (uSv-h™)®
Bremsstrahlung average energy Dose equivalent rates at 0.15 m
EY S / mm  Lead shielding thicknesses
0 5 10 15 20 25 30 35 40 45
467 0.74 0.32 0.14 0.06 0.02 0.01 0 0 0 0
327 0.17 0.03 0.01 0 0 0 0 0 0 0
600 0.04 0.02 0.01 0.01 0 0 0 0 0 0
200 0.19 0.01 0 0 0 0 0 0 0 0
£t Total 1.14 0.38 0.16 0.07 0.02 0.01 0 0 0 0
PISURH THIRERE, /keV 0.5 mAbHIFIE S ERH/ (uSv-h™)®
Bremsstrahlung average energy Dose equivalent rates at 0.5 m
HY RS / mm  Lead shielding thicknesses
0 5 10 15 20 25 30 35 40 45
467 0.07 0.03 0.01 0.01 0 0 0 0 0 0
327 0.01 0 0 0 0 0 0 0 0 0
600 0 0 0 0 0 0 0 0 0 0
200 0.02 0 0 0 0 0 0 0 0 0
£t Total 0.10 0.03 0.01 0.01 0 0 0 0 0 0

T OB LR , 77 & 2 5 R BN UG 2 608 R s @31 THEE <0.005 I, B 5 9 0.
Note: (D According to the rounding rule, dose equivalent rates retain 2 significant digits; (2 Theoretical calculation value < 0.005,
data is written as 0.

23 TEERMFIEHEEX 28 AN B BRI IR R S B R ORA, B Ac K &R
RETFHRPEEZRMAEYEER, THESER
W7,
040601-6
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KT PAc(85.5 MBOEREHTHFEKAFELER
Table 7 Dose equivalent rates of **Ac(85.5 MBq) nuclides and their progenitor equilibrium systems
MR /mm SRR SRR M/ (uSvh)  BRIE SRR T (uSvh)  T-M
Lead shielding Actual dose equivalent rate M Theoretical dose equivalent rate 7
thicknesses Y 0.15 m Y 0.5 m BEJR 0.15 m EEJR 0.5 m FEJR 0.15 m BEYR 0.5 m
Distance 0.15 m Distance 0.5 m  Distance 0.15 m Distance 0.5 m  Distance 0.15 m Distance 0.5 m
0% 89 11.4 122 11.0 37.1 -3.7
5 33 44 49 44 48.5 0.0
10 17.7 2.39 28.0 2.51 58.2 5.0
15 11.0 1.50 17.7 1.60 60.9 6.7
20 7.3 0.94 9.8 0.89 34.2 =53
25 5.4 0.72 6.0 0.54 11.1 -25.0
30 4.1 0.51 39 0.35 -4.9 -31.4
35 32 0.40 2.5 0.23 -21.9 -42.5
40 2.5 0.33 1.5 0.13 -40.0 -60.6
45 2.0 0.28 1.0 0.09 -50.0 -67.9

T ORISR B R Ok AT Rhr 5 0 000 8 3 S N Kot (A7 28 B 7] s @ JE B DR OIS » UM B e B B 2 4

.

Note: @O The dose equivalent rate calculated by theory retains the same effective number of digits as the data measured by

instruments. @ In a lead-free shielding state, the penicillin bottle is directly exposed to the air.

3 HERG5SH

31 FIEYHEEXRLER

85.5 MBq )" Ac 1% 3= L H TR I~ 7 1k &
1E 4 5E 8 £ 0 mm. 5 mm. 10 mm.
20mm. 25 mm. 30 mm. 35 mm. 40 mm Al
45 mm %1 F, BEEUR0.15 my 0.5 m Ab M7 & 4
BRINES.

HETMBIETLE N, ELRRELT,
BAC S AR A R R R R R S IE S
HARE T A R, ABEE B ZER N, &
PEAR 7, 2508, W T H PR EEREm, Xfy i
2. IR S DR S5 15 AR B AR e B g,
SR E Y B R AUE 2 R IR AT R 5
W, Y B5F i FE G N, X S e T e A A AL R
ey FL I S AP AR, GRS RABRE . 4RI
e £ T 52 R 0 8 J50H0 ) 5 vk 9 S5 U A %) 52 i)
R, FEIIRAE SN EAE R A TR E
PEACYR 0.5 m A AT A PEEL 0.15 m AR EE BT, Ky
A& 0mm. 5mm. 10 mm. 15 mm 120 mm £55F
WD o

TBE M B DL R, 85.5 MBq 1% Ac K& H 71k
PR 22 0.5 m AR SEIN AR B 2 R R O 11.4 pSv/h,
O I (% = 2 3R S 7 97 5 22 4 B3R ) (HT 1188-

15 mm-.

202 DM ER AL AR AE N AR AR AL I )
Z<2.5 uSv/h I FR1E

32 FEHSHESREFIEHERER

H AT B % = % B 2 46 A% 25 1% &
T, LR R FE I B 85.5 MBq Al A K HUBE i
MIEHL R, RAI§2.1 y sRIE Y & Ry v
TR, B TR Te i B A5 R P Ac K H T4
7 A R ) S ) B Y B R AT XS B, VR A A
2% 8.

£8 TAc REAFHETFERRANELERS "'.""Tc
*FHeg
Table 8 Comparison of dose equivalent rate for **Ac
decay chain with "'l and " Tc

BEES /m AR EE/ (uSv-h)
Distance Dose equivalent rates

225AC 1311 1311 99mTC 99mTC
0.5 11.4 17.8° 2242 637 8.0%

1 OB THEHEE T SHORIE T G i 22 F I G B
A gD, 2011 @B R THEEYE L G E S BCRIE T
{Radionuclide and Radiation Protection Data Handbook
20023,

Note: (D) Theoretical calculation data, parameters from the
Radiation Safety Manual (edited by PAN Zigiang), 2011";
theoretical calculation data, parameters from the Radionuclide
and Radiation Protection Data Handbook 2002",
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3.3 HHHEEMHER
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70 2 22 4 5 HH P Ac O R B 1R A
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R FAc RHETAFHE R RKINFRIEIRAL K

Table 9 Lead shielding attenuation coefficient K of **Ac decay chain

AN T 5 7 2 B A BB RO IR A5 B K
Comparison of dose equivalent Attenuation factor
rates for different lead thicknesses BEYE 0.15 m PEYR 0.5 m FEIME
Distance 0.15m Distance 0.5m Average value
0/5 2.7 2.6 2.6
0/10 5.0 4.7 4.9
0/15 8.1 7.6 7.8
0/20 12.1 12.1 12.1
0/25 16.4 15.8 16.1
0/30 21.6 22.2 22.0
0/35 27.7 28.3 28.0
0/40 35.8 34.8 353
0/45 44.4 41.1 42.7

RO LLEH, Ac KPP & (14
J5f Wi D A B K M 10 B, #Y RS AT 15 mm
5520 mm Z [il; #BERCE IS B K 2 1), BT i
JERE/NT 5 mmo FRST BRI HIE B S A, G
K FHARSE IR, 44 20 mm 1 A 0 - i & 1F R
12> Ac XL TFARIHHEZREE, SmmE vt
PRSP 26 1F B 1 2 Ac K TR 2 R B

4 g

K HEAT T 85.5 MBq P Ac M H 744 i it
PRI R R E S BRI R, 7F B
LR ERYR 0.5 m AL B Y AN 11.4 uSv/h, A
B2 225 S B 7 5 e A5 R ) (HT 1188-2021) Ff 48 it
TAEN RAEB G R 3558 AR T
30 em Ak B AR AL ) B 2 5 23R i KBRAE 2.5 pSv/h
K456 1. EFBFMIIEO T, BB iE
JEREIN, 2 Ac Je L7 i A F 1) 7 R 2R ) S
EHEHREMF L ZE.,

I B S S T AT Te SR A B R R
TEAS K HUBE i B[R S5 05 FE 0 0, S > Ac
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