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A Study to Decrease Exposure Dose for the Radiotechnologist

in PET/CT

Seok Won Cho, Hoon-Hee Park, Jung Yul Kim, Yung Kak Ban, Han Sang Lim, Ki Beak Oh,
Jae Sam Kim and Chang Ho Lee
Department of Nuclear Medicine, Severance Hospital, Yonsei University Health System, Seoul, Korea

Purpose: Positron emission tomography scan has been growing diagnostic equipment in the development of
medical imaging system. Compare to e emitting 140 keV, Positron emission radionuclide emits 511 keV
gamma rays. Because of this high energy, it needs to reduce radioactive emitting from patients for
radiotechnologist. We searched the external dose rates by changing distance from patients and measure the
external dose rates when we used shielder investigate change external dose rates. In this study, the external dose
distribution were analyzed in order to help managing radiation protection of radiotechnologists. Materials and
Methods: Ten patients were searched (mean age: 47.7+6.6, mean height: 165.5£3.8 cm and mean weight:
65.9+1.4 kg). Radiation were measured on the location of head, chest, abdomen, knees and toes at the distance
of 10, 50, 100, 150 and 200 cm. Then, all the procedure was given with a portable radiation shielding on the
location of head, chest and abdomen at the distance of 100, 150 and 200 cm and transmittance was calculated.
Results: In 10 cm, head (105.40 puSv/h) was the highest and foot (15.85 pSv/h) was the lowest. In 200 cm, head,
chest and abdomen showed similar. On head, the measured dose rates were 9.56 uSv/h, 5.23 uSv/h, and 3.40
uSv/h in 100, 150 and 200 cm respectively. When using shielder, it shows 2.24 uSv/h, 1.67 uSv/h, and 1.27
puSv/h in 100, 150 and 200 cm on head. On chest, the measured dose rates were 8.54 uSv/h, 4.90 uSv/h, 3.44
uSv/h in 100, 150 and 200 cm, respectively. When using shielder, it shows 2.27 uSv/h, 1.34 uSv/h, and 1.13
uSv/h in 100, 150 and 200 cm on chest. On abdomen, the measured dose rates were 9.83 uSv/h, 5.15 puSv/h and
3.18 uSv/h in 100, 150 and 200cm respectively. When using shielder, it shows 2.60 uSv/h, 1.75 uSv/h and 1.23
uSv/h in 100, 150 and 200 cm on abdomen. Transmittance was increased as the distance was expanded.
Conclusion: As the distance was further, the radiation dose were reduced. When using shielder, the dose were
reduced as one-forth of without shielder. The Radio technologists are exposed of radioactivity and there were
limitations on reducing the distance with Therefore, the proper shielding will be able to decrease radiation dose
to the radiotechnologists. (Korean J Nucl Med Technol 2010;14(2):159-165)
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20099 12951€] 20104 1€97k4] PET/CT HARE 913 W
U3t 107 9] S5 o= sielen o] BaagS
47.746.6X9 T}t AL HH7)= 165.5+3.8 cmo|H EHLA
O] H-S 65.9+1.4 kg O & H|SBE HRA| O] SIS TAfO
= S}k

2. NEUAESEA

ApolAREZ A H 0 %3 : "O(pn)°F durgoz
3 F2 "F-FDGE 4gsto] Aol AMgsigitt “F
o] AL B7]E 109.780]3L Edol| A F o2 2.4

mmo]tKTable 1).

3. ALY

1) AfZkMol| chst g3t Zot

AhebA o] Jaks 215k flste] 1 A 199.8 MBgE
glo]& 7he-dloll $IAAZT = o]5-A] A RIS A
B1IL o] 54l WA A 9] AF, Fo, L2 FE-0] 100
cm, 150 em, 200 cmof|A] & 123] AgE-S S45k3T =9I
A Aeat 2 zolollA S4E AlgstltkFg. 1A, B).

PF-FDG 5.18 MBg/kgS FeAl8}HIL 14]7k0] A o] |
ol o] 357 5 uFEfol 4 AL SpolsbellAl Alego] ok
“1912 341 1318 S9013ick 2ol ot ARk A

P Sl Bl 7] o 2 2 e
A AP AR 3] o) o, ks, 2,
%, W Z9] QJx]of|A] 10 cm, 50 cm, 100 cm, 150 cm, 200
cm YA = F 80EQIEA SHSIFIL 54 Fol FA| ©]

HIZE7|(8) Safuttd Ef-max i =501M Z| EHH|‘=C',*AI'.% (GBg/mmol)
[keV] At} H|=(mm) [Ci/mmol]
B +(97%) 63 - 10
109.7 635 24
EC(3%) (17 - 10%
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3 A AAAE A F ojeie} 7, B3 2o
A 10 cm, 50 cm A 2= 2A3}A] 9431 100 cm, 150 cm, 200
cm 71219] ML 2Holol QRAES ShelsiolrkFig
1C).

4. AESEH|

PET/CT #4]+= Discovery 600 (GE Healthcare, Milwaukee,
WI, USA) 7481} 95 ks 57 )= Digital surveymeter
(FH-40 G-L, ESM Eberline Instruments)E ARE-3} 0,
=2 $]= 10 nSv/h-100 mSV/ho|th(Fig. 2A, B) (Table 2).

2} 4] 2= 900x1800 mm 10 T, A==k 2.4 P 0] %A] ¥}
A RS Al

Ak SAe] disliAls YIXERE Ao what AR
< Al F A E SR ok Wit Al E e EH
o] SAFAS 115191 100 cm, 150 cm, 200 cme]| tffd}o]
T At RS AISYSHATKSPSS ver. 12). E3F E
o] BieS Anxtslz] f1ske] = 50 emof AXJstal 100
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Fig. 1. The Point source located in the middle of the table, and
then to install a lead mobile protect were measured (A). Lead
mobile protect is 900 x 1800 mm 10 T, lead equivalent 2.4 Pb
portable radiation shielding. Measurement Location is 1, 2, 3
areas (1. left part 2. center part 3. right part) (B). Schematic
representation of measurement point of the external dose rates
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Fig. 2. Equipment is used to PET/CT Discovery 600 (GE
Healthcare, Milwaukee, WI, USA) (A) and Digital
surveymeter (FH-40 G-L, ESM Eberline Instruments) (B).

Table 2, Basics of digital surveymeter

161

HWEAET] Higl A2t
EEHL 10 nSv/h-100 mSv/h
Ol x| H2 36 KeV-1 MeV
M 1.5V cellx2 ea
37| 195x73x42 mm
A 453 g(battery E8H)
A2 -22°F to 131°F (-30°C to 55°C)
Hu2o -40°F to 158°F (-40°C to 70°C)

B | eft
B Center

¥ Right

100¢cm

External Dose Rate(uSv/h)
[\8)

150¢m 200¢m

Distance(ecm)

Fig. 3. Scatter dose measurements using a point source in the
median of 100 cm and 150 cm high at the left and right sides
were measured. In addition, the difference was not 200 cm.
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o] ¥3kom 150cm o= AET} L2HNM FHYo] &
keh ERE 200 emof| A= Aol 7 QISIthFig. 3). 22} 7)o
o2 58 FIAl= p>0.052 et Aelt gldek
2. 72| E HHE Het

B4t 10 cm A A= wE] HEo] 105.40 pSV/hE =7
Upehgron B B HojA 1585 pSv/he} 1249 pSv/hE )
UpEREETh 200 om AEloll A me), i, B RolA u]
_§l- /5-_]?—'/];50] L]-E}.I/I—Ou:] = E l:ﬂ— =] Hoﬂk‘ A]—I;HXJ Oi 1t

Qloll wha} 1/6.63-1/40.900] Q1T Table 4).

50 cmof|A] 100 cm& 2712 ufj 1/2.00-1/2.77 2] Al&Fo]
2%l 50 cmof| A 200 cmE A 27} Z74E uf 1/3.78 -
1/10.362] AeFo] 7FAE|lrh 100 cm 24 A=k} 2] Ws}
of wE Ak 1/1.31-1/4.000] 3 150 cm$} 200 cm2]
AEr| s 1/1.26-1/7.809] AaFo] 7HAE| Itk Table 5).

ot

Xmxlof e M2FE H

AFEC] 7FE =2 e, 75, 55 Sl st ol

= AegFEo] 5= cKTable 3). % AR A A 019—’6}0% 100 cm, 150 cm, 200 cmof|A]
HFH 0 Z 10 cmof|A] 50 cm O &2 A7t 271 wf 1/2.57 4% dat we] FZofA Zu] A 100 emoll A 9.56 pSv/h,
-1/4.512] AgFo] ZHAE|lom 10 cm of|A] 200 cmi= X 150 cmoj|A] 5.23 }JSV/h, 200 cmol|A] 3.40 pSv/ho|H x}d| &
Table 3, Dose rate measured by distance
10 cm 50 cm 100 cm 150 cm 200 cm
H2|90%= 95.49+9.26 21.14+4.16 9.10+0.91 4.16+0.80 2.66+0.49
HZ|45= 90.88+7.40 22.91+5.70 8.84+0.87 3.68+0.39 2.21+0.58
M2 105.40+9.91 24.51+4.07 9.56+1.71 5.23+0.58 3.40+0.31
& 76.93+6.18 23.72+2.72 8.54+0.73 4.90+0.73 3.44+0.62
24 74.56+3.81 19.68+2.61 9.83+1.62 5.15+1.01 2.61+£0.27
2= 39.96+4.41 10.03+1.30 6.68+1.01 3.81+0.37 2.61+0.27
gt 15.85+1.22 6.55+0.71 4.14+0.38 3.03+0.32 2.39+0.21
9450 13.53+2.38 5.26+0.75 2.73+0.34 2.08+0.23 1.39+0.20
590 12.49+1.18 3.45+0.25 2.01+0.36 1.30+0.40 0.73+0.34
Unit: pSv/h
Table 4, Comparison of change distance for 10 cm
10 cm/50 cm 10 cm/100 cm 10 cm/150 cm 10 cm/200 cm
HZ[90= 4.51 10.49 22.95 35.89
H2|45= 3.96 10.28 24.69 40.98
Mzl 4.30 11.02 20.15 31.00
& 3.24 9.00 15.54 22.36
=25 3.78 7.58 14.47 23.44
22 3.98 5.98 10.48 15.31
ut 241 3.82 5.23 6.63
g5 2.57 4.95 6.50 9.70
490E 3.62 6.21 9.60 17.10
Table 5, Comparison of change distance for 50, 100, 150 cm
50 ¢cm/100 cm 50 ¢cm/150 cm 50 ¢cm/200 cm 100 cm/150 cm 100 ¢m/200 cm 150 ¢m/200 cm
H2|90= 2.32 5.08 7.94 2.18 3.42 1.56
HZ|45= 2.59 6.22 10.36 2.40 4.00 1.66
M2 2.56 4.68 7.20 1.82 2.81 1.53
& 2.77 4.68 7.12 1.72 2.48 1.43
28 2.00 3.82 6.18 1.90 3.09 1.61
2= 1.50 2.63 3.84 1.75 2.55 1.45
= 1.58 2.16 2.74 1.36 1.73 1.26
4450 1.92 2.52 3.78 1.31 1.96 1.49
2190 1.71 2.65 4.72 1.54 2.75 1.78
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o= 100 cm, 150 cm, 200 cmof|A] 22+ 2.24 pSv/h, 1.67
pSv/h, 1.27 pSv/h=2 Z4 =] Qi) 100 cmof| A AHH] A, & &
o3t 2to]7F UERE A THp<0.05) 150 em} 200 emof| A=
Ofgt 2po]7h UERA] QEhTHp>0.05). 75 FaollAl 2+
71 100 cmO| 4] 8.54 pSv/h, 150 cmol| 4] 4.90 pSv/h, 200 cmo]|
4] 3.44 pSv/h o] x}#]| Fofl= 100 cm, 150 cm, 200 cmOf|A]
ZV¥Z} 2.27 pSv/h, 1.34 pSv/h, 1.13 pSv/h 2 =4 = }]ct 100
cmoll A= gojat zpo]7} Lhehom(p<0.05), 150 cm, 200
cmollA] S2Jgt Afol7h LERA] QitT(ps0.08). Bt R
oA X} 1 100 cmo| 4] 9.83 pSv/h, 150 cmOf|A] 5.15 pSv/h,
200 cmOflA] 3.18 pSv/ho|w 2] Fofl= 100 cm, 150 cm,
200 cmof|A] Z}Z} 2.60 pSv/h, 1.75 pSv/h, 1.23 pSv/h2 =4
9ick 100 cmolA] §Lolak 2Hol7h LheAIu(p<0.05) 150
em} 200 emOf| A= F-&JRE Zpo] 7} rEREA] 9EQttH(p>0.05)
(Fig. 4A B, C).

B3 RS A3t W, 7R, B FREolA
A7k 71kl wet Fakgo] AR cHFg. 4D).

Sl Ao A A A(Fig. 5A)oll= He] F23 g
o} BR HHoj =0 Mk Biol vz|of Fi, B BB
2| Fofl= A7t HAasksiti(Fg. 5B, O).
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Fig. 4. The head, chest and abdomen shielded from 100, 150,
200 cm at the before and after dose were measured. Each dose
was reduced in the area after shielding. In addition, the
increased transmittance with increasing distance. Head part to
external dose rate shielding ago, after the external dose rate
(A) Chest part to Shielding to ago, after the external dose rate
(B) Abdomen part to Shielding to ago, after the external dose
rate (C) Transmittance of distance and area (D).
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Fig. 5. The equal dose curve from head, chest and abdomen
was show for high-dose as before shielded and that the head,
chest and abdominal was show for dose decreased as after
shielding. Equal dose curve of external dose rates from patient.
Equal dose curve ago shielding (A) Equal dose curve after 100
cm, 150 cm, 200 cm shielding (Left) (B) Equal dose curve after
100 cm, 150 cm, 200 cm shielding (Right) (C).



17}

atolsty|& H14# M2z 2010
Ut} PET AR ARE-E= ti2]Q1 AN S9eae A Holl izt dFez eyt A A
|AREEZ oA Aitel= "FE ARgSR Qlck FFe] WAt AlteEgl o WA oJoFEo] HitE2
et ARL FARKEA0 keV)S WEslaL FAAL 7] W5o] Wo] ot aﬂhqqﬂ ﬂﬁﬁh
YRS B Qo o HX| HAel Aeksto] 1805 7 ST AlmE: W] FE2a i EREolA =
Hhgko @ HREE L AmubbA(ZbA 511 keV)S HFESITh Aergol 1/1.42-1/6.678) B= 2to|7} I%EMO ] 7o uh
2| AR Ake] mAdeko] s efstat 0.32+0.41 mSy, 2hx] AdwkEo] 574 F-9lol whet 1/6-1/40u A L=7kA] 2fo]
A8 029406 mSv, G2t 0204047 mSv, FFot 7h sk B3 ARFEe] 7MY A U e, Vs &
0.11£0.25 mSv, 7]E}sk} 0.13+£0.37 mSvE so|stalrl =7 HHEO 100 cm, 150 cm, 200 cmof| A+ H-AlEFo] H|$=s}
LpERdeh? E3h slojstal WabALe] o et WA 2AF k.
A 5.0743.13 mSvo|al ozl LAke] AR A AYe ol 8et AHA 54 ook Aol wEkA=
4154226 mSvo|m, PET 152}0] ZAMMTES 7.4143.04 100 cmo A= F7F BHo] 7] 91Z3} 02X Hur) kA =
mSvi PET ZAte] Adwfo] &7 vehd & & 4= Slch 4= SATk 150 emojlA = AlgbAl o] FaFo= A o &
opzhdel AARS tiRE PP TeO 0 EASRHES #4) Zo| FYET = SAHEUTAL A= EH: 200 cm ©]4]
sto] HARS Aldstal Qlem 1 oy A]7} 140 keVE Bl Ae Zol7h yrehA] ekgkom A 54 F-9foll whe
A W2 fuboU A& ARgStaL PET HARdofl= Ak OJgt #po]do] itk
SHUFolA TAYSh= 511 keVO HIILA 22 AEPAMS A AHE 50 em Aol FaL 242} 100 cm, 150 cm, 200
o]-g5}7] wizoll ARl thigt o] otk A E em SASIGATE W] 2ol 2| A 100 emofl A Bt
LAAE B0 A Bol5lr] Hofl= WA S YA} vl 9.56 pSv/h, 150 cmof|lA4] 5.23 pSv/h, 200 cmof|A4] 3.4 pSv/ho]
Aol HAT AV EHLaE Fo] Folls 2o = A o 2| 2 100 emof| A Fat 2.24 pSv/h, 150 emof| 4] 1.61
A7F gAe] Het? Salol A HA B PAE Folst pSv/h, 200 ecmof|A] 1.27 pSv/hz A 2|7} F7FsHH A Zpof
© ARRE A AR o] E7] miigof AR 9 gt &avk= 2 Aol Tk 3 FaeolA we B
) Z3a)7} 2asich WA o)Eubolo] 3921e 7L A |4 100 cm! w] 23.43%, 150 cmol| 4] 30.86%, 200 cmof|A]
2], A= UrolA] AR 4= lom] WA m]Z ARt 37.6%=2 A7} S7Fetol weh Fakeo] F7kskal qltk. 100
Aodas A2 wAE PAKIEEC] Y7 A4 em@ W 76%°] AHANE = 4 o A} F7Isk
= ARl ’is AR I o] WEEal Qe AR A 2| a7 Sobsltt. A 2]7E Sl whet AdRrEe] 4
A4 vlERith &, Ag=AREAIR ojl2= ‘%V\Hi 2k w7] wfzell Aol tiet Evprh wopxth
AREE ©5shd AFE Solath AJAIREY g2 AR
B0 =& “ﬁ oA t% T3k ET F Ado =R 4 =2
WA w L ddate] A7) Hojdas wolx|n 77| 9]
Al ‘?_FHIEHTZE}- Ao A o] A2 2= sPH A=E-S Q- u]30] Wofol= e, A7k 2hH|€f 37FA] ¥2]o] QL
174, 382 5P 1/9= Zasith B8 A] QA7 AZlE &5 ok A S AEAaE Fofshe ARTE S A
= Al AHAE | =71 diZoll AN FARRRE] w|2o] FR81A| A2 o
oA A E sl otk Aubde] Ale dukEo s & gtk o] =&oll4l= Digital surveymeterS: 08510 72|}
= Holu F2E, d& o] 2| of] wheh AeFEe] HMekE SERIsky A 27t Hofd
‘ = AFEC] WolAl= A Fd 4= 1%1em 100 cmofl A
S35k el 7 &7 S4E W F-2ollA 10 emojlA 54
ok GEG 1710 ofst= HojHlt) v2] Fto] 7MY w2 Al
FEo| SN B o R das AgEo] oAtk
ES A E S A9 AE SHA] kS wiE T Wobdl
o1 100 cmo A -0J3k 2po]7}F LERA]at 150 em, 200 cm
gtk ¥Z5 Fol7] fsiM= WAL

She 3lo] SRk U A2l fA5] @
gtk B AN Ae] wE HegE wleh HsHof
oA foft 2o

o] 77| wjFo =T} =
w2 FHo] 1054 pSv/hE thE FEKETH =4 U
FRo| 58 F

[e)
S8e
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£ A wske Blskeh 10 am AelolA
2 oz
ERgod O HE 7IE0] 769 pSv/h, BF HEo] 7456
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