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Personnel dose assessment and radiation control research on practices of

radiation diagnosis and treatment in Veterinary
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The international requirements for the detection of animal (veterinary)
X-ray machines are mostly in accordance with the regulations of medical
X-ray machines for human diagnostic. At present, in Taiwan, radiation
safety control for veterinary diagnostic X-ray machines applied the non-
medical use requirements. This project plans to conduct on-site radiation
safety investigations according to the requirements of international
veterinary X-ray machines. The characteristics of domestic veterinary X-
ray equipment and the necessity of adjustment of domestic veterinary X-
ray machine inspection items will be analyzed and discussed. In addition,
the domestic development trend of veterinary medical is also in line with
the international, and has gradually promoted radiation practices such as
nuclear medicine and radiation therapy. In domestic, it has the need for in-
depth assessment and improvement of veterinary radiation safety and
control for its affects to the personnel or the environment. This project
conducted on-site radiation dose surveys at veterinary hospitals or medical
institutions performing radiodiagnosis, nuclear medicine and radiation
therapy. Simulation and calculation models will be also used to evaluate
radiation doses and compared with measured results. Relevant
international regulations and practices will be collected and referred to,
and relevant safety control recommendations will be proposed. In final, by
means of the performance of this project, radiation protection and safety
guide for veterinary medical in Taiwan will be established.

keywords : veterinary X-ray machines, veterinary nuclear medicine,
veterinary radiation therapy, personnel dose assessment,
radiation protection, radiation safety inspection, radiation safety
guide
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Table: Half-Value Laver as a Function of Total Filtration
and Tube Potential For a Single Phase Generator
with Full Wave Rectification

Total

filtration Peak tube potential (kW)

(mun Al} 30 40 S0 60 70 g0 o0 100 110 120
0.5 0.4 0.5 0.6 0.7 0.8 0.8 0.9 1.0 1.1 1.2
1.0 0.6 08 1.0 1.1 1.2 1.3 1.5 1.6 1.7 1.8
1.5 0.8 1.0 1.3 1.4 1.6 1.8 1.9 21 2.3 24
2.0 0.9 1.2 1.5 .7 1.9 2.1 2.3 2.5 2.7 2.9
2.5 1.0 1.4 1.7 2.0 2.2 2.4 2.6 2.8 3.1 3.3
30 - 1.5 1.9 22 24 26 219 31 id4 3.7
35 - 1.6 2.0 13 6 29 31 id 3.7 4.0

Appropriate tables for each generator type are available in vanous publications, including NCRP
Report No. 102 (Medical Meray. Electron Beam and Ganuna-Ray Protection for Energies up to
50 MeV).
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qu,ﬂaﬁw 31 mSvo &rﬁhﬁfﬂc Ro= 1000 puSv/h # s fﬁiﬂ"i”%’?%@%%«

Bo1D A e MEFEE VAEFHSMROHEEL R A E R R
1 mSve &P wq;%}% ® % F-18 ch#l & 19 & 45,L 9mC|’ IV
BEOmMCizE PETH P22 FEFROAALERE ~JERFHE 15 cm
30cm 2 1m @& % > %7304 460

2 46 AEFEE G 9mCi ~ F-18 & i7d 4 PET 2 82 > >+ % o P [ poF ey

iR o B R4 4 15ecm -~ 30cm 2 1 m AR E S B
&g PR 7 fﬁm B 15cm s E F 30cm AFE F 1m adE ¥

(pirsis4=y) (mCi) (uSv/h) (uSv/h) (uSv/h)
120 min 4.23 937.5 234.4 21.08
180 min 2.90 642.7 160.7 14.45
240 min 1.98 438.8 109.7 0.868
300 min 1.36 3014 75.35 6.778
349 min 1.00 221.4 55.35 4.979
360 min 0.93 205.8 51.52 4.635

1937 min 4.51x10° 10.0 2.50 0.225
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2004 & NCRP 148 2 & & 4 A 1m 2 & B F <5 uSvh» £ 4%
B PR BETHE 349 A aPET L ER R EE ) ot g wﬁ’i-waﬁf*fwl
£ 74248 1mSvo B £ 15 2 A& & # 5 »% 1000 uSv/h 2. ¢ i n T
R B G F 2 EHE<ImSY 2 R R R A p
b= ¥ 5 120 A 4B(PET @ #2215 30 A4)@ v d B 4~ 28 (15 2
A R B 5 =937.5 uSv/h <1000 uSv/h) o fe F] F-18 2 L it g5 i@ » F] L B E B
B RE o ) &R R R gi’gj ImSv: EEmpFRFp4cd e 1=
£ 7% fr‘x‘fﬂ 4o o= 1000 pSvh o B % 1 X ek A E FiiT 1 mSv; gt
7 5 NUREG-1556 223 #7 it B4 & 15 cm A F < 3 7 <35 20
uSv/h 2 f # o 4o Ro= 937.5 pSvih(f iidt4= ¥ % 120 4 4ap% 7 ¢+ 8 > 15cm
B R ) % 1% ch R H B =826.6 uSv; 4 Ro= 234.4 uSvih(p iist
A= 5 120 A 4BPETrchfB > 30 om AEI R ) 0 B E 1 X e A $=206.7
nSV; 4o Ro= 21. 08 uSv/h(p ixs4= 8 % 120 A 4 pF % b 8 1 m Al £ %)
Al % 1% cn A& 8 =18.50 uSv ; et/ 615 1937 A ap (4 32 /) prx 17
A gE) R ptpE 15 em AR = 10 uSvih » Rt fdsde 15 % 1 X e A4 &
B=89uSv(¥ BiEFH 150m Az RARE 5 4o R=5 uSvih(t 1 m )
Bl S 1% ek AHE —44uSv(* 1m/§@)(* 15cm Ao 4 | £ =195.2 uSv) »
4o 4.7 o

247 FR:IMCiz FI8PET # ¥ 8k 8103 b rh B8 5 -
T oA B ARFRE > AR NEFSFMEL IS5cm~30cm 2 1m

Je VB FtE 2 %

¢h f4L % Ro Y - X AL RS R AHAE (USY)
2 15cem At s 2 30cm At B lm gt g
15 cm £=937.5 uSv/h 826.6 206.7 18.6
15 cm &=10 uSv/h 8.9 2.2 0.2
1 m /=5 uSv/h 195.3 48.8 4.4
FE A T Ao Y L6 kR NCRP148 2.8 RhApEd i Im

a2 B T AP BB ISS 349 2 &(PET 2 828 48 269 » &) v & &

Pﬁfm,{r Jf;;m@ Fe e B ek NUREG 1556 ¢t &+~ ik fi(i‘_fﬁ
«Jrﬂ 8 & o B R F o3 10 uSv/h) o Pl AW g F-18 32 % g pF

ER Gt 1937/»\ s B A 15 2 8 A B 5 7 i 10 uSv/h = r%ﬁ-ﬁﬁ@,
ﬁr hY R R H ab R 2 éfﬂ A TN () 20%) 2 R R P p i
BHisAel 388 A 4BPF > B4 156 24 &R 5 ¥ i 10 pSv/h 2 H R
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% 5 #2 NCRP 148 2 & R tiistis 349 A 48 % B #4217 - NUREG-1556 2 &
2 i i NCRP 148 2. & F it

(iii) Tc-99m SPECT # %

Tc-99m(= i+ # 5 6.02 -] =) & Er%ﬁvwfﬁﬁﬁ - AL F AR K 110
MBq (3 mCi) » %ﬁﬁﬁﬁﬂp#%.mma HEFERA T BB T
-~ BFFEFPITREPFIVNEFER S TEIA VM RBHR RN RS
PR IRA o T B FREF U RAEPER > - - A S 3 B
PR - BEbe  EFFR REPFRFHE TEZRFIFEE >
2 & 200min> % (T2 BE 1 TEE92 30 min> FNEZBERK
HEFERAPIE 30 mineo #R* HT H3t > EERFAFEXS 3 hr BEEFR 5
20 min > H PR EFPFAZLoT

3 mCi 2.12 mCi 2.04 mCi
3 hr 20 min

BB b B AR 15 7 200min » Fl4hiE R & 2.04mCi- 1m A E % %

2.04 uSv/h> & 43+ 2004 & NCRP 148 2. & F (A 1m re2. H £ F <5uSv/h)
FohE e A At B 15em A & 5 27.4uSv/h o 30cm # E & 5 9.68
uSv/h o s B Fisddr B > h b o4 H o2 i’e*ié—éﬂ“gf'ﬂ ¥ £
£ A E A28 ImSv o %3 2 34(5)% Tc-99m L i #p » 2 D=1mSv w» fa3+
¥ > Pl Ro=3453uSv/h o pt & & F B R % > 4o }?E’L 2 NUREG-1556 £ 3%
B EFER P £ G 15 ’2/}}%@:3 2 A & o 7m s 11 Tc-99m SPECT # & 14 »
B g 2 B doG 15 A 2 Al Ro=345.3 uSvih o #- 15 F 6 4
h9R s H A 2 %‘zfﬁ,ﬁw %35 1mSv » 2B A #ic Ry=300 pSv/h s
T ER LG 16 08 R B E SRR RF EERS RS HE
’5?’ 3R AR fR SR E K- Y ImSv e 4 & iF 3 2018 £ £ W NUREG-1556 2 3%
4 15 o0 B g X fJ‘ 10 pSvih z_ *H g2 > Pl FERAE LS E 726
mln(‘.»] 12.1 /] Eé*:) s 2 15 2> & & e & 1% 10 uSV/h » 144 2018 -3 WEY|
NUREG-1556 & 2% 2. ¢ Fﬁﬁ%.&

F] Tc-99m 2 2 - 8 5 6.02 -] pF > F) ot #| B B 5Y F - e ol # A
Bimse? gRB LMV REBEEA Y BS 12 hhFHE > 4o Ro=
300 uSv/h » ] % 1 % ch % 4% 4 £ 7=813.9 SV ; 4 Ro=10 uSvih > Bl % 1 =
1% f5 A £ =27.2 1SV 5 4e Ro=5puSv/h s BI % 1 % ch% £ #]£=13.6 uSv » 1
W (Fk @ 3 o 2k ik jf 2004 # NCRP 148 2. & £ % plm)* 2 HR & <
5 uSv/h ¥ 5 4B 5 & NUREG-1556 i ke 4+ 4 & 15 2 A A= % 2 &£
% 10 uSv/h 1T 5t ds g 2 AR R IRIET o b A o 'NUREG-1556 2.
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B2 02" i NCRP 148 2. & F jicts o

(b) #-42 F 1131 jppr 2 1 i¥ % R A&

EE LR iTag et 2 1131 E&E R 5 148 MBq (4 mCi) » & I-
131 ;‘;%?/*ﬁﬁiﬁ B de R LM 0§ R & 131 S s R/ A o
2 Ltfl‘?o@’ﬁ. PR X g;:u itz 12 X 3G e
B R AR A (RS B 5 LA B 45 A8 o

ﬁa
2z
v

T 6 -
3

»,Imyﬁﬁﬁp+%&’ﬁlw&¥HW‘&ﬁEWW%ﬁ%#$
AA)E LGRS L G b A )oE G E P F 131 s P

TEARR 2 1 184 ﬁﬁflﬂ&ﬁ;«i’?‘—r R L

() LB etiv¥1ivi g

LREAE TR A 30 A A 1 iFA R LA E o
Microshield - & (#4726 1-131 =& 14 mCi) 1 v 4 f L 482 3
s B 5 92.64 pSv/h (Microshield 3+ &8 & & 52ttt 2 ) o & &
Bod S ERET Y L L A4 P (¥ 1 14 R4S 2 5 »ad
HH Y

-

92.64 uSv/h x1 h/60 min x1 min/=x = 1.544 uSv

LIREHE TFHIERSFEE S DA 2 1 FAR £
Microshield :*+ & (¥ 4~ 2%+ 1-131 %= & : 4 mCi) 1 iF 4
£ & % 4018 puSv/h (Microshield 2+ & & & s[>t ¥ it )
f_%ﬂ?f]”'&,..]ﬁ. 144 PIprivd2 10174 B2 30HE 5
4018 uSv/h x1 h/60 min x1 min/=x = 66.967 uSv

\4
=
%

*

¥l o I

7

"Vl:?

£

«b\\m

o

(i) P FERETEERS+FIE)L FL R

PR T (Ha) TR ERFEA 30 20 a2 1 T4 R LREE -
2 Microshield 3+ & (#4184 1-131 7 & 1 4 mCi) 1 i 4 f £ 82
F R E 5 5 57.73 pSv/h (Microshield 3+ & 53 % 730w i = ) o K
A lHPputakd 22U x(FLeFErRl2x & X488 2) o
FAGH5Emine Pl irE 2 1 iF A f LR 2R E 5

57.73 uSv/h x1 h/60 min x5 min/=x =24 =/ & = 115.460 uSv

PR (FRA R ) R AR 0 30 24 e 1 1F A F LR

HE - BRE 2 ’F“m‘ ZAEEFHAF) FH5mins 4 L&

H80% A K 4 (MCHE)x0.8 = 3.2 mCi ¥ - % jpapr s

3.2mCi- 11 R FBERAEY S 1.6 mCi - P& & rmmptp it

B2 E R 5 3.241.6= 4.8 mCi o PRl §Ed 12 X & X

BHEBERF2 2T RHE T U FERG 8l - i
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41 * Microshield 2+ & (B3 4~
§2 3 »®|E 5 5 111.16 uSv/h
Elﬁfn,fng,‘glz%,»,:a,ﬁ

T ?,F,_ﬁ}%\:qu'n7 a1 i A ﬁfi‘iﬂz@_‘
# 1-131% &2 :4.8 mCi) 1 i+ R ¥
(Microshield 3+ & & & 5>t wg it 2 ) o
BHEH2 1iv4 §RERE 5 ¢
111.2 uSv/h x1 h/60 min x5 min/=% = 9.267 uSv

@ FlfbTERMEFEMEL TR 2 207 2B 5
115.460 uSvV+9.267 uSv=124.727 uSv

@ EMFHFE(HRE) FLIEFIFIE D 2L 2 1 ITA R ZINHE o
r Mlcroshleld P E(F et 1-131E R 4 mCi) 1 iT A R .ig
HEF 5 4697uSv/h (Microshield - & & % 7|30t i2 2 ) o B3R & &
f“«f’"-")""%&ﬂ 24 Z(F Edp i l2 X > & X &8 2X) - T4&

855miny ) PptirEz 1 iFA | EMHE L
469.7 uSv/h x1 h/60 min x5 min/= x24 =t/ % =939.400 uSv

® IMHECHFEARANS) FTHIEFFMLD AW i N R R U
A o IF)»VQA%,PI‘*J (1 eFrray) &= *’JSmin»iIEl_@é
#80% FAREE 14(MCiI/E)%0.8 = 3.2 mCi; %- % FEFFS
3.2 mCi- & 11 R B RRH 5 1.6 mCi - A= &3 /—#Ht VR
Brep 2 iER G 3.2+1.6= 4.8 mCi - 3= 1 &4 12 & %, F
BHERAF 2L RHE T 0 E R U8 0l )2 - = F
ThFmE AR 21 F4 F#HE - 2 Microshield 3+ & (B 3 4
-131 = & 4.8 mCi) 1 A f £ 302 & E F 5 4821 uSv/h
(I\/Ilcroshleld PEEEFE A ) BIpiTE2 20T AR £ IEE

‘7. .

4821 uSv/h x1 h/60 min x5 min/= = 401.750 uSv

@ UM TERETERGE I IFAR 2 LHE 5
939.400 pSv+401.750 uSv=1341.15 pSv

FEEFEIPF Bl iRz 1T RREV R E TR
ok 48> HEIITE MG A1 FAR 22 5 B E S 1.544 pSv -
L 3RHE 5 66967 pSv ; F A T ERETER G ST ITA R 22 5 %
A E 124727 pSv ~ £ 30EE 134115 uSv 5 4c1 iTA B SR A o Pig
*2 >E 5 smE 5 126.271 pSv (0.126 mSv) ~ £RFHE(E R A E) 5
1408.117 uSv (1.413 mSv) -
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%48 = Ed 5 %*{IlBl/p}%‘f1:F4ﬁf’ﬁﬂﬂ?9’*%
7 % 4w > E g oaH g EINE Y AP
O EE T b (TR 1.544 pSv 66.967 uSv
BT B PR TE 124.727 uSv 1341.150 uSv
B3t 0.126 mSv 1.408 mSv

(C) &% BF 2csp|d E e (7 PET I + 87K ks 2 4B £ R # £ 327

F-18 * geFrag @ > 4 8 L% kieis PET/CT ek 4 » (74
4 N e o

AREBFHIRE TN T REFLELM RREIGS AR OH
TP wfREt R B E > ) 5 45mCiv B4 Z 9mCio 4 E
AR AR AR Y ZF6E0 L4 2 (51 15?’%“@’ CRF AR
% 30 & 43 '?F]””‘ Fﬁgﬁfé{ll RS R s Rty o 3 ik
PHREE S A5 g B R EE 0 A ﬁivm@fﬁ?ﬂﬁ—il E o
ARPELEA B A e mﬁ’—?‘ > @ AR m@‘f'lf‘i_%f%r‘ﬂ'l
SR ViGN R R o JER R Bl N

=

A & Ff e 1 F F-18 (9mCi) PET & & 474 45 2 1 1% 4 J A

I % 531. zusv/h (Mlcroshleld T E L “Hfl* 7)o B3R 4
#ﬂp—r/_.ﬂﬂ"-—k(/p)i 9mCI)’-‘*«kﬂﬂ“/TE3F'& ],—»551 A gt
2.1 84 R 225 50HE
531.2 uSv/h x1 /3600 s x5 s/=x = 0.737 uSv

O I IEE IFELIERHFMADL L B2 1 FAR £
&+ F-18 /= & - 9mCi > 1 I\/Ilcroshleld E1FAR S
22900 uSv/h (Microshield 2+ & & % 7|3t ¥4 12 2 ) o 32

b - S (ER ImMCi) o & LSRRGS 54 0 Bl f%%i
AR EIVERIE G

.
'?. .

22900 pSv/h x1 h/3600 s x5 s/= = 31.806 uSv
(i) #F R ATTELITL R

@ LR EH P () EGIEFSFMEA 30 24 A2 1 T4
P b+ F-18 F A 1 9mCi o 1o Mlcroshleld i 2
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fﬁ‘?'l F 5 531.2 uSv/h (Microshield 2+ & 2 % 53t it 2 ) o B3R
FAPEEFOE L I0F 2 RFR Y SR ITFEF S 30 4 4o

PlptiTE 2z 104 f ¥ é‘:vﬁ B S -

531.2 uSv/h x1 h/3600 s x10 s/=x = 1.476 uSv

o LTl AR R AR PG s R EDAE -
TR TR R ARG - B FA AR A R 2 DAL
FAFAFRMEE o G MR FL L PG ew
?,@u%zg—‘-o

@ FUHBPFEPRE FTEERC I EF L) FL R LG ouw
¥ % 1.476 pSv -
o TR i TRIEFSIEA D O s B2 174 L3FE o

—

£ 2R

:a‘fhi pER Bq‘ F-18 = & : 9mCi> 14 Mlcroshleld 1T AR LR M
£ 5 % 22900 uSv/h (Microshield - & & % 5> 52 2 ) o B & =
B9 5 104 PIptivEz2 1 iv X § L3RS 5

22900 uSv/h x1 h/3600 s x10 s/=x = 63.611 uSv

[e]

P _{jg,‘ﬁljﬁ(fﬂﬁ”‘ﬂ:ﬁﬁﬁ*“) 1 T A ﬁjﬂ,}é‘r( 5 E )a‘?nj-}é_
IZ%T&H* j$ﬁ;'5§ y — A1 (T A ﬁ—f"»}ﬁﬁi 4)1 AN a2 - F R
FEAFFRABMES  FIHAERFRPFL LA R IMBEF L

z =L
WA e

® FeFPEHRETEE HENEHFL)L T F S 0HE 5
63.611 uSv
(i) #3745 % (71 ¥4 f
T EaELEp %T_H_.&T(Q mCi)is >t ¥ & & + % F 60 » 45 >
LEF30LERPHRE SR ARE S ‘?xfb(l«”‘?g P REpN F-

18 /E & B3 X #4508 mCi» 1 174 B #dd B PET & & & 3%
Brp 5 R BEHFFERFORE 204 -

® LHHE TRIERFAA 30 242 1 FAR SHAE -
Microshield 3+ & (&4 /2 6f F-18 F & :9mMCi> R P2 E R 5
508 mCi) 1 ¥« B L4824 »c# £ % 5 299.8 uSv/h (Microshield
THBEENHER ) BREXBBHSFETYEE 204 0 Bl
T¥2 1174 f é/ggoﬁ R
299.8 uSv/h x 1 h/3600 s x 20 s/=x = 1.666 uSv
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@ ZNFEF IFELGIEFIFAE D O A2 1 FA R EIHE o 1Y
Microshield 3+ & (# 4 /284 F-18 = & :9mCi> # E - PF2 E R
508 mCi) 1 iv A f + 302 & F 5 12930 uSv/h (|V|ICI’OShIe|d el N
SEIPHER)c BREIBBRSIERFGEE 204 > Bl
zZ 1 e AR EIHE L
12930 uSv/h x 1 h/3600 s x 20 s/=x = 71.833 uSv

(iv) # HfB (2 F AR P P2 1 74 ]

4 4 4@#.@’E’xh&"JOSCm@‘éG#;ﬁ’ﬁréé“

i1 b1s 4 349~ 388/»\ LReS RO IR I Rl IR P g
,“.34 B0 5 4x110 A 45=440 A~ &) enpE o (7R E st
B2 BAd X FREAFPFRFRFHE 1 A4

@ LREE I FLIEFSFEA 30 S0 A2 1T R PHEE
Microshield 3+ & (#= 4~ /1 % F-18 5 & : 9mCi > ; I@’F%Fé*] L,
B8 4B L 1V Hp (440 &~ 45)) 1 iFA R LRl ’ﬁ »HEF R L
uSv/h (Microshield 3+ & 55 % 7305 i2 2 ) o B & =X 35 ,_)%}a?q b2
FHs 1lad R iTF210vA R L85 »o®E 5 ¢
18.313 uSv/h x 1 h/3600 s x 60 s/=t =0.305 uSv

—

® ZMEE IFERIEFFMMAD OL A2 1 IFAR ZINHE o 1Y
Microshield 3* ¥ (#: 47 i1 64 F-18 75 & : OmCi > FILpFF 9 5 B ¥
A BTSN 4B E(440 2 48)) 1 TFA R ‘*K7 FE F 5 786. 25
uSv/h (Microshield 3+ & g % 7|5t w2 2 ) o Bk & X AR PP
s 1 A4 Plptiv¥z 118X f EHE S
786.25 uSv/h x 1 h/3600 s x 60 s/=t = 13.104 uSv

g

%\»4.9 # QR T F-IBPET @ ¥ h2 1 1A A AEFH 8%

T4 4w ES. fﬁﬂlfé <R E AR
BT BT R 0.737 uSv 63.61 uSv
Bt BT Y 1.417 uSv 48.86 nSv
MY TR 1.666 uSv 71.83 uSv
FIA R T 0.305 pSv 13.14 uSv
N P 13.104 uSv 161.49 uSv

F 8F a7 F-IBPET ¥t b2 1 (FA B HEFE 5% 7 K4
% 49> ’@ifé T AT E R 2 > 25 so@|E 0.737 uSv ~ £ %% £ 31.806
uUSV; # s L IT E Rad = > £ 5 R E 1.476 uSv~ £ 30| £ 63.611 puSv;
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o 5 B T ERaE & 245 oRE 1.666 uSv ~ + %A £ 71.833uSv ; i
Ly S rj‘q‘aﬁf-’q—és\ 2 &% s 0.305 pSv » £ %A £ 13.14 pSv ; 4o
1 A ﬁ Bl - A RSz 2P seHE 5 13.104 uSv ~ £ 3FH E (%

% #2) % 161.49 uSv

(d) & "Tc il F 4 it 7 SPECT 4745 2 4n bt * | 41 £ 325
Tc-99m( L i # % 6. 02 /] )ﬁﬁ”&&ﬁv#ﬂ#f%ﬁﬁ’—ﬁ"%?iéﬁ:
£ 3 mCi i& {7 # 4 SPECT 1% % *ﬁ#%ﬁﬁ o — BH 4t SPECTH & ¢ 7 &
FERRHERTETEEIBFIFEE Y5 ZT 2 200 mine &
Fotig i F PNTCSPECT s e Ml A2 1 e X R & E 3 8 4o

(i) % %irific £ iv 4 f

® LREE LML 30 o S fZo 1 ' A ﬁ LR E o 1
Microshield :+ & (#4718t ¥"Tc F & : 3 mCi) 1 T4 f £ 482 ’ﬁ
A £ F 5 23.59 uSv/h (Microshield 3+ & 2 % 7305t it 2 ) o B3R
FHAHPERHLEF o R FE2Z AR LG R E
23.59 uSv/h x 1 h/3600 s x 5 s/=x = 0.033 uSv

@ LFHEF IFERIERSFMA 5 S0 Ak 1 TR LINHE o Y
Microshield 2+ & (F 4= /2 8+ ¥"Tc F A 3 mCi) 1 {4 f £ 3Rz H
¥ & % 1131 pSv/h (Microshield 3+ & & % 7> 5f 2 =) o BK & =0 /i
ﬁfTF‘*F’“ 95 Pl TR 1 0P AR EIVHE S
1131 pSv/h x 1 h/3600 s x 5 s/ = 1.571 uSv

(i) 42 B ITE 1 FX R
O ELRUEE(Fi) FRiER A 30 a2 1 IFA | ERHE-
2 Microshield 3+ & (41 8+ " Tc 72 & : 3 mCi) 1 {74 | £ fz
3 PR E ¥ 5 23.59 uSv/h (Microshield 2+ & % % 73t i2 2 ) o B
)“‘*«k#"wﬂfﬂ'& G5 10 40 Rt T2 2 F AR LA A

Y
e

23.59 uSv/h x1 h/3600 s x 10 s/=x = 0.066 puSv

O LR E (BN T 0FA R PR S 2R )RE -
EPpTRA R ALEHK - B FA AR A T AR AR
FAFFRAES o PSS BAR LD (4 | G el E

=T P gz 2L
\:,@;\léﬁ? o

|k
Y

O i BT EGR IS B R)L (F AR LA ocAl
0.066 SV -
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@ ENMEP (i)  ERIEHFEE D A A2 1 T4 £MFE o
2 Microshield 3+ & (#+ 4~ ;1 &+ ¥MTc ,rf;?: :3mCi) 1 ¥4 f & 382
#HE X5 1131 uSv/h (Microshield 2+ & & & 5|3t st 12 2 ) o B3R & =X
BCEFEROGS 104 R iTE2 1A R 230HE 5
1131 pSv/h x1 h/3600 s x10 s/=k = 3.142 uSv

o iﬁgg;,lﬁ(foﬁg.yiﬁ;ﬁ,f) I.l‘:,:_r_ 1T A ﬁ jﬂ,}é‘r( ‘; '“E)’_"?'J:%_
nziﬁi‘ﬁ%ﬁ* ziZ»‘_—,_EéE y — BL 1 T A ﬁﬂ*ﬁﬁi Hﬂ«LL,«E; L% - F R
FUFFERMES > FIHHEREFHF21 748 P sk E

=T ¥ % 21
PLY AT e

[e]

® HpEHITEGRE B RARE)L TR MR L ¢ 3142

uSv e
(i) 4 # % TE£1 7L f
YR E Chpp BE LT ER 3 mMC)E > T BB
ﬁﬁ— BRI BB B SPECT k& A Aup % 9

B BB R RERGE 204

@ LREHE I FERIEFFAEL 30 S8 A I IFAR EMEE o 1Y
Microshield 3+ & (f 4= ;184 ®"Tc & 13 mCi) 1 T4 f L2 5
oA £ & %5 90.02 uSv/h (Microshield 2+ & 2 5% 73t it 2 ) o B &
IHEEBFERFOEE 20§ RIS EE2 21074 | LR A £

ﬁ. .

90.02 uSv/h x 1 h/3600 s x 20 s/=x = 0.500 uSv
® IIHE I FERHEFFPEEL S oL /%@\1 T A B £ A E o 12

£ 3 5 4331 uSv/h (I\/Ilcroshleld yiE5 ;nk“ HIE R ) o BRRF 4
ﬁhi‘h#ﬂfg‘ﬁf B 2045 0 RIpiE Rz 2 iFA R EEE S
4331 uSv/h x 1 /3600 s x 20 s/t =24.061 uSv

(IV) ¥ 4 "’“F??y F /,.}%}:E]J #’ﬂl't‘;r_‘I A ﬁ

BEBEIRSETE B0 em B2 B dop B8
AN 121 e T RS I g b2 B
Poo B FRBERFEFEEOE ] A4

@ LREHE I FRIEFFAEL 30 S8 A2 1 IFAR EMEE o Y

Microshield 3+ & (4= i1 6+ ®"Tc F & : 3 mCi> FRMEF G5 L8
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AN 2 B P (121 ) 1 IEA R Sl oeH R S G
55 03 pSv/h (Microshield 3+ 3 55 % 7352 ) o R+ 0 TL A
PR E 60 c Rt ivFE2 1084 f ¥ 2R E 5
55.03 uSv/h x 1 h/3600 s x 60 s/=x = 0.917 uSv

@ W E ITLIEFFME DS OS2 1 0TA R LHE o
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Deap Dose Equivalent Rate (ICRP 51

Paralel Geometry 1290001 1295001
Opposed Gaomety 1290e-001 1295801
Rotational Geametry 1290001 1.295e-001
lsotropic Geometry 12908001 12956001
Shallow Dosa Equivalent Rate (ICRP 51 - 1987)

Parallel Geametry 1 334001 1330001
Opposed Geomety 12480001 12538001
Rotational Geametry 1 2486001 1253001
lsotropic Geometry §.998e-002 00320002
Effactive Dose Equivalent Rate (ICRP 51 - 1987)

Antero/pasterior Geomeiry 11082001 1112e-001
Postero/anterior Geometry 9.399e-002 §434e-002
Lateral Geometry 66100002 3002
Rotational Geametry 82846002 §314e-002
lsctropic Geametry 6955002 6.980e-002
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Deep Dase Equivalent Rate (ICRP 51 - 1987)

Paralel Geometry méy/ir 463864000 466124000
Opposed Geomety méy/ir 463864000 466124000
Rotational Geometry méyhr 4658e+000 466164000
lsatropic Geametry méy/ir 463864000 466124000

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

Paralel Geometry méy/ir 481864000 [482te000 I
Opposed Geomety méy/ir 450664000 43084000
Rotational Geametry méy/ir 450664000 43084000
lsatropic Geametry méy/ir 12494000 125164000

Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/posterior Geomeiry méy/ir 190964000 400164000
Posterofanterior Geometry msyhr 13044000 13024000
Lateral Geometry méy/ir 138764000 230824000
Rotational Geametry méyr 1901e+000 19836+000
lsatropic Geametry méy/ir 251164000 251364000
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i MicroShield 11.01 - [Report: CA\Program Files (x86)\MicroShield 11\HTML\Case1-2019_12_18-23_46_10.html] -8 l
& Fle tdit Display Preferences Tools View Window Help BE
HNAEETrELEN N

New Open | Sae | it si Materials | Infer | ExpRate }r;%ny Heat | Data | NV

q & ‘ g

eview | Print | Save

Variable Not Applicable

Deep Dose Equivalent Rate (ICRP 51 - 1967)

Parallel Geometry mSy/hr 6.021e-001 6.039e-001

Opposed Geometry mSy/hr 6021001 £.0392-001

Rotational Geometry mSv/hr 6.021e-001 6.039e-001

Isotropic Geometry msv/hr 6.021e-001 6.03%e-001

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

Parallel Geometry mSy/hr 6.341e-001 6.360e-001
Opposed Geometry mSv/hr 5.987e-001 6.005e-001
Rotational Geometry mSv/hr 5.987e-001 6.005e-001
Isotropic Geometry msv/hr 4.390e-001 4.403e-001

Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/posterior Geometry msv/hr 5.296e-001 I 5312e-001 I

Postero/anterior Geometry msv/hr 4,593e-001 4,607e-001

Lateral Geometry msv/hr 3.306e-001 3.316e-001

Rotational Geometry mSv/hr 4,095¢-001 4,107e-001

Isotropic Geometry mSv/hr 3429e-001 3.439e-001
% 63 F



Isotropic Geometry mSv/hr 1238e4001 1.238e+001
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W MicroShield 11.01 - [Report: C\Program Files (x86)\MicroShield 11\HTML\Case1-2019_12_18-23 48_17tml]

:S% Fle Edit Display Preferences Tools View Window Help

]
B

Exp Rate

li

B. 0B 2wy

Materials

C"‘\
&
Ifer

i

Data

New Qoen | Sme | Pint | Souce
&

Iﬂml

Preview Save

Deep Dose Equivalent Rae (CRP 51 - 1987

(ot coomey it 217300 21Tk
Opposed Geometry |m5vfhr 217364001 2.174e4001
Rotational Geometry |m5vjhr 21734001 2174e+001
| Isotropic Geometry mSuhr 217364001 2174e4001
Shallow Dose Equivalent Rate (ICRP 51 - 1887)

| Parallel Geometry 22804001 2290e+001
Opposed Geometry 2161e+001 2162e+001
Rotational Geometry 2161e4001 216264001
Isotropic Geometry 1584e+001 1.585e+001

Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/posterior Geometry |rn5vfhr 1912e+001 1913e+001
| Posteroanterior Geometry |rn5vfhr 185884001 1659+001
Lateral Geometry |rnSvﬂ1r 1.193e+001 1.194e+001
IRuiaﬁonal Geometry |m5vﬂ1r 147884001 1479e+001
Isatropic Geometry msv/hr 123804001 1.238e+001
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4 MicroShield 11.01 - [Repart: CA\Program Files (x86)\MicroShield 11\HTML\Case1-2019_12_19-00_09_59.html] -8 n
o Fle Edit Display Preferences Tocks View Window Help BEH
B. 0B & % ¢ « 0 W
New Qpen Save Print Source | Materisls | Infer | ExpRate | Sensitty | Hest
Preview
A
Deep Dose Equivalent Rate (CRP 51 - 1987) 8
Parallel Geometry |m5v,'1|r 3399001 3409001 I
Opposed Geometry |mSv,mr 3.399-001 3409-001
Rotatione Geametry sy 3300001 34096001
Isotropic Geometry méu/hr 3.399-001 3409001
Shallow Dose Equivalent Rate (ICRP 51- 1987)
Parallel Geometry |mSv,lhr 3.579¢-001 3.590e-001
Opposed Geometry |m5v,'1|r 3.380e-001 3.390e-001
Rotational Geometry |m5v,rhr 3.380e-001 3.390¢-001
Isotropic Geometry mSv/hr 2476e-001 2485¢-001
Effective Dose Equivalent Rate (ICRP 51- 1987)
Arterofposterior Geomelry msype 29900001 [ lsernn |
Postero/anterior Geometry |mSv,Mr 2,503¢-001 2,600-001
Lateral Geometry |m5vﬂlr 1.866e-001 1871e-001
Rotational Geometry |mSv,fhr 2.311e-001 2318e-001
Isctropic Geometry mSv/hr 1.935e-001 1.941e-001

N
\
D
]
=



B.:2a &P # % Fied L JEd M4 5 O 0 2 1

EFHEFOG em) 12930 pSv/h

i MicroShield 11,01 - [Report: C\Program Files (486)\MicroShield 11\HTML\Case1-2019_12_19-00_11_19 html] -9 n
A Fle Edt Disglay Prferences Tooks View Window Help [-]alx
HANET LN N
New ' Qpen | Swe | Pt | Souce | Meteiss | fer | EupRate | Sentivy | Heat D | W
LR
T g
A
Deep Dose Equivalent Rate (ICRP 51 - 1987)
Parallel Geometry mSvhr 122764001 1.227e+001
Opposed Geometry mSv/he 1227e+001 12274001
Rotational Geometry mév/hr 1227e+001 122764001
Isotrapic Geometry msv/hr 122764001 1227e4001
Shallow Dose Equivalent Rate (ICRP 51 - 1987)
Parallel Geometry mSv/hr 1202e+001 I 1.293e4001
Opposed Geometry mSv/hr 1220e+001 122084001
Rotational Geometry méy/hr 1220e+001 122084001
Isotropic Geametry mSy/hr 894384000 89484000
Effective Dose Equivalent Rate (ICRP 51 - 1987)
Antero/posterior Geometry mSy/hr 10794001 1,0808+001
Postero/anterior Geometry mSv/hr 9.358e4000 936204000
Lateral Geometry mSv/hr 673564000 6.738+000
Rotational Geometry mSv/he 834384000 8.347e+000
Isetropic Geometry mSyhe 692664000 £.389+000
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o Fle fdt Diglay Preferences Tools View Window Help

PG R
JEF 884 30 &

% (30 om) : 293.0 uSV/h (9 mCi)

¥ %=293.0 uSv/h x 1/24 =18.313 pSv/h

] |
-lslx

vV =

Open | Save

. o

Print

]

T

Heat

N

Data

N
g 3

Save

J 4
Preview  Print
[vaTTETe

—"
Deeo Dose Eauivalent Rate (ICRP 51 - 1987 L

Parallel Geometry

3322001

Shaiiow Dose Equivalent Rate (iCRF 31 - 138T)

Parallel Geometry mSu/he 3408e-001 3.309e-001
Opposed Geometry mSyjhr 3303e-001 33136001
Rotational Geometry mSv/he 3303001 3313001
Isotropic Geometry mév/hr 2420001 2429001
Effective Dose Equivalent Rate (ICRP 51 - 1987)

Anerofposteior Geomety e 20200 [ Lasent |
Postero/anterior Geometry mSv/hr 2534001 2541001
Lateral Geometry mSv/hr 1824001 1820001
Rotational Geometry mév/he 2.25%-001 2.266e-001
Isotropic Geometry mév/he 1892e-001 18476001
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PERER R A D O A A2 1 iFA B L nEE o
#E % (5 cm) : 12580 1« Sv/h (9 mCi)
i #p 15 2 A £ % =12580 pSv/h x 1/24 =786.25 uSv/h

W MicroShield 11.01 - [Report: C\Program Files (486)\MicroShield 11\HTML\Case1-2019_12_19-00_23_36.html] -0 “
i Fle it Display Preferences Took View Window Help [-Ja]¥]
8.0 g ¢ &« Bu@ i@
New Open | Save | Pint | Souce | Materials | Iofer | ExpRate | Sensivy | Heat | Data | N/
TVUT AP
A
Deep Dose Equivalent Rate (ICRP 51 - 1987)
Parallel Geometry mSv/he 1194e+001 1195¢4001
Opposed Geometry mév/hr 1.194e:001 1.185e4001
Rotational Geometry mSvhr 119484001 1.195¢+001
Isctropic Geometry mSv/hr 1.194e+001 119584001
Shallow Dose Equivalent Rate (ICRP 51- 1987)
Raalel Geomety e 12584001 [ [1assesnr |
Opposed Geometry méyhr 118764001 118824001
Rotational Geometry mév/hr 1.187e+001 1.188e4001
Isotropic Geometry mSvhr 4.706e+000 8.710e+000
Effectve Dose Equivalent Rate (ICRR 51 - 1987)
Antero/posterior Geometry msv/hr 1.030e+001 105124001
Postero/anterior Geometry mSv/hr 9.109e+000 9,114¢+000
Lateral Geometry méyhr 6355684000 6,5502+000
Rotational Geometry mSv/he 812124000 8.125¢+000
Isctropic Geometry mSv/hr 65800e+000 6.803e+000
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3. #3 Tc-99m SPECT B ¥4 2

1) $FAFHLH

A R R 2 ~ v - . 2 T3 A ’ o2
T RE P I TC-99M ER 2 3mCis R A% E A B L5 > > Tc-99m
BriRIBIK & BRER -
B A 2 + AN > 14 g
ARG iEd 3484 30 & & ez 1 15X B L RE&E o
> ¥ 5 »oH £ (30cm) - 23.59 uSv/h
A Fle Edit Displny Preferences Tools View Window Help BEL
| | Din | Sowe | Mowias | i | EspBate | Hest | Data | N/
Preview | Print
A
Deep Dose Equivalent Rate (ICRP 51- 1987)
Parallel Geometry mSv/hr 2.885e-002 2.909e-002
Opposed Geometry mSv/hr 2.885¢-002 2909002
Rotational Geometry mév/hr 2.885e-002 2809002
Isctropic Geometry mSv/hr 2.885-002 2.909e-002
Shallow Dose Equivalent Rate (ICRP 51 - 1987)
Parallel Geometry mSv/hr 3.113e-002 3,140e-002
Opposed Geometry mSy/hr 2494e-002 2515002
Rotational Geometry mév/hr 2483e-002 2504e-002
Isotropic Geometry mév/hr 1818e-002 1834002
Effective Dose Equivalent Rate (ICRP 51 - 1987)
Antero/posterior Geometry mév/hr 2.340e-002 I 235%-002 I
Postero/anterior Geometry mSv/hr 1.848e-002 1.863e-002
Lateral Geometry msv/he 1.162-002 1.171e-002
Rotational Geometry mév/hr 1.587e-002 1.600e-002
Isctropic Geometry mSv/hr 1.290e-002 1.300e-002
%717
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Deep Dose Equivalent Rate (ICRP 51 - 1387)

Shallow Dose Equivalent Rate (ICRP 51 - 1687)

Parallel Geometry mSy/hr 10454000 1.046e+000
Opposed Geometry méijhr 104564000 104684000
Rotational Geometry mSy/hr 1045e+000 104684000
Isetropic Geomelry mSvfhe 104584000 104684000

Paralel Geometry mSvfhe 112864000 113164000
Oppased Geometry mSuhr 4 0400001 0053001
Rotational Geometry mSv/hr 8.998e-001 9.010e-001
Isctropic Geometry mévfhr 65936001 6.602-001
Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/pasterior Geometry mSy/hr 8453001 |W4e-001
Postero/anterior Geometry msy/hr 6.683e-001 £.692e-001
Lateral Geometry mSy/hr 4202001 4208001
Rotational Geometry mSufhr 5738001 57476001
Isatropic Geometry mSyhr 4663001 46706001




5 MicroShield 11.01 - [Report: C:\Program Files (x86)\MicroShield 11\HTML\Case1-2019_12_19-00_42_01 html] - “
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A

Deep Dose Equivalent Rate (ICRP 51 - 1987)

Parallel Geometry msv/hr 1.101e-001 1.110e-001

Opposed Geometry mSv/hr 1.101e-001 1106001

Rotational Geometry mSv/hr 1.101e-001 1.110e-001

Isctropic Geometry mév/hr 11016001 11108001

Shallow Dose Equivalent Rate (ICRP 51- 1987)

Parallel Geometry mSvfhe 1.188e-001 1.198e-001

Opposed Geometry mév/hr 9.520e-002 9.600e-002

Rotational Geometry mév/hr 9476e-002 9.556e-002

Isctropic Geometry mSv/hr 6.940e-002 6.999¢-002
|Eﬁ|ctiv|DmEquiulmhh[ICIP51-1WJ

Aoterofposterior Geamety msifn 530602 [ [sozesn2 |

Postero/anterior Geometry msy/hr 7.054e-002 T111e-002

Lateral Geometry mév/hr 4435¢-002 44716002

Rotational Geometry mSv/hr 6.057e-002 6.106e-002

Isotrapic Geometry msv/hr 4922¢-002 4961e-002

N
\
~
ol
o



B. i d i ¥ Ed WA FEF ML 5 2 4 ez 21 174 R £ 30
—E-_ o
<2 AaE (5 em) 4331 wSv/h

B MicroShield 11.01 - [Report: C:\Program Files (x36)\MicroShield 11\HTML\Case1-2019_12_19-00_44_16.htm] -
W Fle Edii Dislay Prferences Tooks View VWindow Help HHH
8.0 83 L

New Open | Save | it SEe Materi I!il Hest | De | VN
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Preview | Print | Save
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A

Deep Dose Equivalent Rate (CRP 51 - 198)

Parallel Geometry msy/hr 40024000 4,007e+000 ‘
Qpposed Geometry mSvhe 400264000 400764000

Rotationsl Geametry mSyfhe 400204000 4007e+000

Isatropic Geometry mSve 400264000 400764000

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

Parallel Geometry mé/hr 43254000 433164000

Opposed Geometry mSufhe 3462e+000 346764000

Rotafional Geometry mSy/hr 3 446e+000 345124000

Isctropic Geometry mSv/hr 252564000 252924000

Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/posterior Geometry mSy/hr 32410400 3.246e+000

Postero/anterior Geometry mSy/he 256064000 25634000

Lateral Geometry mSvhe 1609¢+000 161264000

Rotational Geometry mSy/hr 2.198e+000 220164000

Isatropic Geomelry mSvhe 178664000 176864000
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\ Open | Pint | Source anak| | Bp Bala | Sensifivty | Heat | Dam | VWY
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Deep Dose Equivlent Rae (CRP 51 - 1967)

Parallel Geometry mSv/hr 67316002 6767¢-002
Opposed Geometry msv/hr 6.731e-002 6.787e-002
Rotational Geometry méy/hr 6.731e-002 6.787e-002
Isotropic Geometry mSv/hr 6.731e-002 6.787¢-002

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

Parallel Geometry msv/hr 7.263e-002 7326e-002
Opposed Geometry msv/he 5.8206-002 5869002
Rotational Geometry mSv/he 5793002 5.842¢-002
Isotropic Geometry msv/hr 4.243e-002 4279¢-002

Effective Dose Equivalent Rate (ICRP 51 - 1987)

Antero/nasterior Geometry mSu/he 5.430e-002 I 5503002 I
Postero/anterior Geometry méy/hr 4313002 4347002
Lateral Geometry méy/hr 27126002 2733002
Rotational Geometry méy/hr 3.703e-002 3733e-002
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New Open | fSave | Prnt SmrlMty Heat Dots
Preview | Prin ’ Save
WU RppTICaaTe
A
Deep Dose Equivalent Rate (ICRP 51 - 1987) |
Parallel Geomelry mSy/hr 243064000 245484000 ‘
Qpposed Geometry mSvhe 245064000 2454e+000
Rotational Geometry mSyfhe 243064000 245484000
Isctropic Geometry mSv/hr 2450e+000 245484000
Shallow Dose Equivalent Rate (ICRP 51 - 1987)
Paralel Geometry mSyfhe 164804000 265204000
Oppased Geometry e 212004000 212364000
Rotational Geometry msv/hr 2110e+000 211384000
Isotropic Geometry mS/he 1.346e+000 1.548e+000
Effective Dase Equivalent Rate (ICRP 51 - 1987)
Anterofposterior Geometry mSvhr 19844000 198764000
Postero/anterior Geometry msv/hr 156764000 156984000
Lateral Geometry mSvhe 4854e-001 0.867e-001
Rotationsl Geametry mSvfhe 134604000 1.348e+000
Isatropic Geomelry mSvfe 1094¢+000 1.095e+000
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