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A study on the strategies to lower technologist occupational

exposure according to the performance form in PET scan procedure

Hyun Soo Ko, Ho Sung Kim, Chang Kyeoung Nam—Kung, Soon Sang Yoon, Jae Hyuk Song, Jae
Kwang Ryu, Woo Young Jung and Jung Chan Chang

Department of Nuclear Medicine, Asan medical Center, Seoul, Korea

For nuclear medicine technologists, it is difficult to stay away from or to separate from radiation sources
comparing with workers who are using radiation generating devices. Nuclear medicine technologists work is
recognized as an optimized way when they are familiar with work practices. The aims of this study are to
measure radiation exposure of technologists working in PET and to evaluate the occupational radiation dose
after implementation of strategies to lower exposure.

We divided into four working types by QC for PET, aneCtIOIl scan and etc. in PET scan procedure. In QC of
PET, we compared the radiation exposure controlling next to *'Ge cylinder phantom directly to controlhng the
table in console room remotely. In injection, we compared the radiation exposure guiding patient in waiting
room before injection to after injection. In scan procedure of PET, we compared the radiation exposure moving
the table using the control button located next to the patient to moving the table usmg the control button located
in the far distance. PERSONAL ELECTRONIC DOSEMETER (PED), Tracerco = was used for measuring
exposed radiation doses.

The average doses of exposed radiation were 0.27+0.04 uSv when controlling the table directly and 0.13+0.14
uSv when controlling the table remotely while performing QC. The average doses of exposed radiation were
0.97+0.36 uSv when guiding patient after injection and 0.62+0.17 uSv when guiding patient before injection.
The average doses of exposed radiation were 1.33+£0.54 uSv when using the control button located next to the
patient and 0.94+0.50 uSv when using the control button located in far distance while acquiring image. As a
result, there were statistically significant differences(P<0.05). Conclusion: From this study, we found that how
much radiation doses technologists are exposed on average at each step of PET procedure while working in PET
center and how we can reduce the occupational radiation dose after implementation of strategies to lower
exposure. And if we make effort to seek any other methods to reduce technologist occupational radiation, we
can minimize and optimize exposed radiation doses in department of nuclear medicine.

From this study, we found that how much radiation doses technologists are exposed on average at each step of
PET procedure while working in PET center and how we can reduce the occupational radiation dose after
implementation of strategies to lower exposure. And if we make effort to seek any other methods to reduce
technologist occupational radiation, we can minimize and optimize exposed radiation doses in department of
nuclear medicine.
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(Fig. 1, 2).
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58Ge phantom HH2] 5%8Ge phantom 0| =

Fig. 1. (a) ®Ge cylinder phantom was controlled directly next to gantry.

®8Ge phantom HHZ Ge phantom 0| =

B8

Ge phantom 2| Ge phantom 0| &

Fig. 2. (b) ®Ge cylinder phantom was controlled remotely in console room.,
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Table 2. Information of ®Ge cylinder phantom for Daily PET QC

Model PET 20C27/2
Nuclide “Ge
Serial No. G226
Volume 8550
u value 0.103
Activity 92.5 MBq
Calibration date 2013/ July / 29

Auto Dispenser =

Fig. 3. ®Ge cylinder phantom was used for Daily PET QC at
Siemens PET/CT scanner.

Fig. 4. (a) The patient was guided to waiting room after injection.

%Ge cylinder phantom-<- ©]-2-3}+ PET ¢ ¥ & = 7}&](Daily
QO) % Al ME Ao} 27, gl A3 Ho] gl
phantom®] 415 8] 0%, 12130 914] 2% 5 3o 2o]
WRIZIAI] 31 712kl 7] S8 - TS S 27
SHTL, T 7] 0.2 g o] AL A T AR
247F 30814 A5}l | s ick

Siemens AF9] PET ¢ ' 7 &= ¥#2](Daily QC)of| AHE-5=
%Ge cylinder phantom-&- A| 2 A7} Pi1sk= wA| 7)) wh
2H?, Aoy Aol A e 18749 whch Al & shar ik Al
32 |81 20143 89 2] ®Ge cylinder phantom 2] HARS-S-

2F36.1 MBq (0.98 mCi) ©]2].2.™, ®*Ge cylinder phantom2] &
B tf&3} Zoi(Table 2, Fig. 3).
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Fig. 5. (b) The patient was guided to waiting room before injection.
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AL QA )% o] 42, “FEDGE A5 2570
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4] glol5ol FAE AAA A FHe. o] I ol A = WAL
AU AR W2 o A v & A "ok =2
W E5 Fo)7] A8l | & 288kl A S A,
PET ZAM oA ARE-Sh= A 352 511 keVe] 2
YRS 7hal ko] W 7] u o] s Ak 54 9
we ", g XS g 7k ¢ Afshy] o thas 5
27} A
A A& ot

QA PET HAMA O A 9] 2] PET/CT &

H] 3= Siemens A2 1| = AL | 0] B gantry} ol X =
FTAH A 2F0] 7Fdh), ThE Al 2ARRI GEARS] 7HH] 9] 7
S HAH| o[ EY] 2F-2 flai A= A o E017} gantryo]
U= 2F HES o] &-dto] 2Fstofoftt qhtt. whapA o] 1}
ol M g ] HF AT A H=d), S rkE 4o
Ue 2 HES AR T (a)of, AR Hol SLojlA|
O] 2F HES ol &sto] HAMH Ol && 2F 3= w(b) ¢
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2. HRUITRMAZEA

o[ A g oA T EAFS 75| Slal A A=
Tracerco A+2] ‘PERSONAL ELECTRONIC DOSEMETER(PED)’
B2, AHg T ARe] FH 9)R]of) 2H8- Shof ALE- 814 O m(Fig.
8) AFA &) s A2 thEak ZTH(Table 3, Fig. 9).
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Fig. 7. (b) The table was moved using the control button located in the far distance.
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Fig. 8. The technologist wears a PERSONAL ELECTRONIC DOSEMETER
(PED) on the left chest area.

Fig. 9. PERSONAL ELECTRONIC DOSEMETER(PED) was used to
measure occupational radiation dose manufactured by Tracerco™.

7)) A A APED)E 2= 2 £h91RE] A7Fehe], o
T R BE5te] HlolHE A & 4= glon], g ARkE
(uSv/hr) gt oy} ek o] A7t =2 ARK(uSy) gre s =
ghlo] 7hgsteh 24 H 12 Mgk oA w2 Hgksto]
HA o] 7153} cH(Fig. 10).
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1. gF &9 8 o= o=
1) € ¥ A= &2 (Daily QC) 4+
%Ge cylinder phantom<- ©]-2-3} PET < ¥ & = 72](Daily

Table 3. Technical specifications of PED

Sensor Single, energy compensated GM tube

Radiation type X and gamma ray

Radiation dose rate 0.1 puSv/hr ~ 100 pSv/hr

Measured radiation Equivalent dose

Energy range 33 keV ~ 1.25 MeV

Units Sieverts or Rem

Weight 160 g

Size 10X6X2cm

Dose data log interval Intelligent mode : log every 0.01 uSv

Periodic mode : log every 1 minute

4 )

Date / Time Dose in usSv
14-10-10 9:33 AM 0.0025
14-10-10 9:34 AM 0.0025
14-10-10 9:35 AM 0.00111
14-10-10 9:36 AM
14-10-10 9:37 AM
14-10-10 9:38 AM
14-10-10 9:39 AM
14-10-10 9:40 AM
14-10-10 9:41 AM
14-10-10 9:42 AM
14-10-10 943 AM
14-10-10 944 AM

Background

Radiation
exposure

from any

events

J

Fig. 10. We analyzed exposed radiation doses as an excel file from
measured PED.
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W Z O 2 0.278 pSvE wHgkon, 2FAZ o]F3to] € o]
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FITH(Table 4). (b)2] W 0 &2 A= 25 A8 3k
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a7} AR e (Fig. 1), 7 71A] ¥R 7He] 135 A
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Table 4. The estimated radiation exposure at performing each QC scan

(a) Eff. dose (b) Eff. dose

(a) Eff. dose (b) Eff. dose

:f in controlling in controlling jf in controlling in controlling

Times manually remotely Times manually remotely

(uSv/scan) (uSv/scan) (uSv/scan) (uSv/scan)
1 0.251 0.133 16 0.317 0.139
2 0.231 0.137 17 0.264 0.141
3 0.208 0.121 18 0.279 0.132
4 0.226 0.123 19 0.358 0.129
5 0.302 0.099 20 0.321 0.123
6 0.311 0.153 21 0.263 0.127
7 0.292 0.122 22 0.247 0.138
8 0.247 0.097 23 0.283 0.153
9 0.219 0.133 24 0.228 0.141
10 0.335 0.137 25 0.319 0.138
11 0.269 0.142 26 0.218 0.141
12 0.267 0.147 27 0.229 0.138
13 0.257 0.135 28 0.315 0.132
14 0.332 0.136 29 0.327 0.137
15 0.375 0.172 30 0.256 0.142
Ave. 0.278 0.135

000 -

Fig. 11. We could reduce 51% of radiation exposure when
controlling the table remotely than manually.

A 0 F 0,974 SV HReFom, AL A tf 7] Al @ 0] AL}
ol Qhste] hatere] H 55 201375‘ Hb)oll= FH o
2 0.624 pSv o] 7= BHQITK(Table 5, 6). (b)2] W o= 5=
A 71 2 QY SFS - ()9 R S & ST 5FalS

HSv/person
=1
g

Fig. 12. We could reduce 36% of radiation exposure when guiding
the patient to the waiting room before injection than after injection.

o 2T} 36% 1] 3 74 A Il7E QIS e(Fig. 12), F 7HA] W
7ro) B E HekS =] R Et HA 07 T 2jo]E BAs Aa),
SAA LR o3 o] 7t A ATHP<0.05).
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Table 5. (a) The estimated radiation exposure at guiding the patient after injection

. " .. Eff. dose . . .. Eff. dose

Pt Weight Injection aCtlYlty at injection Pt Weight Injection aCtlYIty at injection

(ke) (MBq/mCi) (uSv/person) (kg) (MBq / mCi) (uSv/person)
1 46.1 247.9/6.7 1.478 16 575 310.8/8.4 0.931
2 71.1 336.7/9.1 0.654 17 47.6 188.7/5.1 0.797
3 55.9 310.8/8.4 1.079 18 64.6 358.9/9.7 0.559
4 50.7 233.1/6.3 0.434 19 66.5 329.3/8.9 0.823
5 824 410.7/11.1 0.921 20 449 2479/6.7 1.025
6 54.4 281.2/7.6 0.791 21 56.8 299.7/8.1 1.341
7 63.8 344.1/9.3 0.971 22 49.8 262.7/17.1 0.805
8 50.9 240.5/6.5 0.789 23 53.5 284.9/7.7 1.115
9 73.7 395.9/10.7 0.953 24 52.0 273.8/74 1.814
10 57.1 296.0/8.0 0.926 25 58.0 299.7/8.1 0.589
11 78.3 388.5/10.5 1.128 26 61.6 347.8/9.4 1.093
12 57.6 266.4/7.2 0.818 27 52.5 262.7/17.1 0.478
13 80.5 4255/11.5 1.772 28 78.9 407.0/11.0 0.988
14 48.1 255.3/6.9 0.776 29 56.5 296.0/8.0 1.345
15 49.6 244.2/6.6 0.515 30 84.4 436.6/11.8 1.524
Ave. 60.2 310.8/8.4 0.974

Table 6. (b) The estimated radiation exposure at guiding the patient before injection
o MBamC  superson) (o) (Ma /mC) (uSviperson)

1 43.7 2479/6.7 0.429 16 60.9 333.0/9.0 0.378
2 60.2 288.6/7.8 0.632 17 52.9 299.7/8.1 0.491
3 56.6 307.1/8.3 1.235 18 71.4 362.6/9.8 0.470
4 67.0 370.0/10.0 1.324 19 58.5 321.9/8.7 0.457
5 44.1 2479/6.7 0.461 20 73.6 366.3/9.9 0.684
6 62.4 347.8/9.4 0.437 21 61.7 329.3/8.9 0.229
7 58.7 303.4/8.2 0.528 22 58.1 299.7/8.1 0.218
8 674 318.2/8.6 0.774 23 684 384.8/10.4 0.795
9 50.2 210.9/5.7 0.742 24 66.6 333.0/9.0 0.470
10 70.4 373.7/10.1 0.508 25 54.0 2775/17.5 0.268
11 56.6 303.4/8.2 0.591 26 54.3 284.9/7.7 0.381
12 59.9 299.7/8.1 0.546 27 66.6 325.6/8.8 0.586
13 722 395.9/10.7 1.415 28 53.7 288.6/7.8 0.498
14 534 299.7/8.1 1.056 29 79.2 410.7/11.1 1.125
15 55.5 325.6/8.8 0.447 30 58.9 321.9/8.7 0.557
Ave. 60.6 318.2/8.6 0.624
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Table 7. (a) The estimated radiation exposure at controlling the button located next to the patient

Eff. dose

Eff. dose

Weight In.]e.c t.10n Scan before acquiring Scan after acquiring Total
Pt. activity . . eff. dose
(kg) MBq / mCi Start the image End the image (uSv/person)
(uSv/person) (uSv/person))
1 54.9 2923/179 8:59 0.442 9:13 0.286 0.728
2 52.2 271.5/17.5 9:18 0.542 9:32 0.358 0.900
3 63.0 296.0/8.0 9:37 0.705 9:51 0.145 0.850
4 61.7 284.9/17.7 10:04 0.708 10:18 0.336 0.414
5 573 251.6/6.8 10:22 0.521 10:36 0.628 1.149
6 87.5 447.7/12.1 10:40 0.604 10:56 0.168 0.772
7 48.8 284.9/17.7 11:19 0.458 11:33 0.559 1.017
8 51.0 273.8/7.4 11:41 0.780 11:56 0.826 1.606
9 55.6 2812/17.6 12:20 0418 12:34 0.286 0.704
10 453 240.5/6.5 13:05 0.605 13:19 0.564 1.169
11 85.4 403.3/10.9 13:41 0.469 13:57 0.246 0.715
12 57.5 292.3/17.9 14:10 0.345 14:26 0.445 0.790
13 58.7 2812/17.6 14:56 0.119 15:10 0.318 0.437
14 58.4 303.4/8.2 15:21 0.135 15:35 0.414 0.549
15 74.3 403.3/10.9 8:50 0.927 9:05 0.824 1.751
16 62.3 288.6/17.8 9:18 0.887 9:32 0.932 1.819
17 729 381.1/10.3 9:37 0.785 9:53 0.782 1.567
18 63.3 329.3/8.9 10:14 0.789 10:30 0.617 1.406
19 73.9 395.9/10.7 10:35 0.882 10:51 0.537 1.419
20 66.5 318.2/8.6 11:11 1.124 11:27 0.968 2.092
21 74.3 3552/9.6 11:33 1.035 11:49 0.855 1.890
22 474 273.8/74 11:53 0.982 12:07 1.204 2.186
23 51.0 299.7 /8.1 12:13 1.280 12:29 0.853 2.133
24 72.6 373.7/10.1 12:52 0.886 13:08 0.743 1.629
25 66.9 333.0/9.0 13:19 0.935 13:35 0.934 1.869
26 72.6 344.1/93 13:44 0.915 14:00 0.725 1.640
27 63.0 2923/79 14:43 1.170 14:57 0.959 2.129
28 59.4 292.3/7.9 9:31 0.698 9:47 0.782 1.480
29 672 3182/8.6 9:48 1.027 10:02 0.625 1.652
30 52.7 251.6/6.8 14:11 0.481 14:27 0.662 1.143
Ave 62.6 314.5/8.5 - 0.701 - 0.619 1.320
3) I IS5 A7 i =
AP QR B G 815 iRl A, A 215 5 8w
2 9ol Qe 2 HES A3t HolBg 25 39S A &oMEE 9 PET ARl A Algeh= "F-FDG PET 3
(a)=13] A0 A H-2 0 =2 1.320 pSvE Hiorom, gixpa A TS A9 H R E5oto], ZE 39S AR S djatet gt
8 e Woldl SoM 9| 2% ES o gstel PAbHlo] W] WA HEE WS Ale) mate). 7 W vt}
e 25 5198 ul(bye B Lasio 047 uSv ] T E S O] AP AR A} Al o] 2 ThE 4= 9] W
QFcH(Table 7, 8). (b)2] ¥ 0.2 HAA R o 9l oA} 3| of, ¥ =Fo A AFto] d2 APt mE oA e
259 A5 @ Yo @AP*‘EOHH WepaEe  WESWEch /b Bt glek shAuk Akt Kol
51992 w H ) 28% T E 7kA I} 9190 H(Fig. 13), = 7F A5 AAEAIRY S 78 at 280 Bl gt 3
A NP D) E A S BRI OR Tl B A THR AR AN H 4 9 olela AzkEc,
B A, BAH O GOt Zo] 7k AYATHP<0.05). A9 W EF PR FPETO o A e g
L 2] E4 0w}t ®Ge cylinder phantom S 2% 4.0 2 o]
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Table 8. (b) The estimated radiation exposure at controlling the button located in the far distance from patient

Eff. dose

Eff. dose

Weight Injection activity before acquiring after acquiring Total
Pt. . Scan Start . Scan End . eff. dose
(kg) MBq / mCi the image the image (1Sv/person)
(uSv/person) (uSv/person)

1 40.9 203.5/5.5 8:38 0.687 8:52 0.089 0.776
2 73.1 407.0/11.0 9:03 0.797 9:19 0.318 1.115
3 62.3 292.3/7.9 10:01 0.520 10:15 0.286 0.806
4 64.5 307.1/8.3 10:19 0.613 10:35 0.332 0.945
5 56.3 314.5/8.5 10:41 0.751 10:55 0.293 1.044
6 60.2 299.7 /8.1 12:15 0.330 12:27 0.215 0.545
7 63.0 333.0/9.0 12:31 0.392 12:45 0.131 0.523
8 74.6 3589/9.7 14:54 0.570 15:10 0.224 0.794
9 75.2 351.5/9.5 16:07 0.770 16:25 0.209 0.979
10 63.2 314.5/8.5 8:56 0.828 9:10 0.215 1.043
11 66.7 329.3/8.9 9:44 0.823 10:00 0.298 1.121
12 64.6 307.1/8.3 10:05 0.633 10:21 0.149 0.782
13 61.9 307.1/8.3 10:43 0.325 10:57 0.165 0.490
14 61.8 325.6/8.8 14:09 0.562 14:25 0.388 0.950
15 60.8 329.3/89 15:58 0.421 16:12 0.213 0.634
16 57.0 310.8/84 11:58 0.245 12:12 0.080 0.325
17 53.1 296.0/8.0 12:50 0.395 13:04 0.189 0.584
18 47.1 284.9/17.7 13:08 0.338 13:22 0.070 0.408
19 66.8 358.9/9.7 14:28 1.920 14:44 0.800 2.720
20 52.6 2849/7.7 15:45 0.832 15:59 0.217 1.049
21 59.1 325.6/8.8 16:04 0.395 16:18 0.114 0.509
22 69.6 313.7/10.1 9:38 1.486 9:52 0.473 1.959
23 48.8 236.8/6.4 10:17 0.464 10:29 0.323 0.787
24 59.6 307.1/8.3 11:45 0.409 11:57 0.071 0.480
25 59.1 314.5/8.5 12:23 0.651 12:37 0.161 0.812
26 61.7 325.6/8.8 12:46 0.571 13:00 0.274 0.845
27 68.2 3552/9.6 15:25 0.817 15:39 0.539 1.356
28 46.4 236.8/6.4 15:49 1.153 16:01 0.408 1.561
29 71.5 3774/10.2 16:06 0.600 16:22 0.142 0.742
30 68.2 329.3/8.9 16:55 1.215 17:09 0.498 1.713
Ave 61.3 318.2/8.6 - 0.684 - 0.263 0.947
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Fig. 13. We could reduce 28% of radiation exposure when
controlling the button located next to the patient than located in
the far distance.
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