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Detection and Measurement of Nuclear Medicine Workers’
Internal Radioactive Contamination

Gyu Hwan Jeongm, Yong Jae Kim', Jeong Chan Jang3, Jai Ki Lee?

'Korea Institute of Nuclear Safety, 2Department of Nuclear Engineering in Hanyang University,
3Department of Nuclear Medicine, Asan Medical Center, Seoul, Korea

Purpose: We tested a sample of nuclear medicine workers at Korean healthcare institutions for internal contamination
with radioactive isotopes, measuring concentrations and evaluating doses of individual exposure. Materials and
Methods: The detection and measurement was performed on urine samples collected from 25 nuclear medicine
workers at three large hospitals located in Seoul. Urine samples were collected once a week, 100~200 mL
samples were gathered up to 6~10 times weekly. A high-purity germanium detector was used to measure gamma
radiations in urine samples for the presence of radioactive isotopes. Based on the detection results, we estimated
the amounts of intake and committed effective doses using IMBA software. In cases where committed effective
doses could not be adequately evaluated with IMBA software, we estimated individual committed effective
doses for radionuclides with a very short half life such as "¢ and 71, using the methods recommended by
International Atomic Energy Agency. Results: Radionuclides detected through the analysis of urine samples
included gngc, ml, Bl and 201T1, as well as 18F, anuclide used in Positron Emission Tomography examinations.
The committed effective doses, calculated based on the radionuclide concentrations in urine samples, ranged
from 0 to 5 mSv, but were, in the majority of cases, less than 1 mSv. The committed effective dose exceeded 1
mSy in three of the samples, and all three were workers directly handling radioactive sources. No nurses were
found to have a committed effective dose in excess of 1 mSv. Conclusions: To improve the accuracy of results,
it may be necessary to conduct a long-term study, performed over a time span wide enough to allow the clear
determination of the influence of seasonal factors. A larger sample should also help increase the reliability of
results. However, as most Korean nuclear medicine workers are currently not necessary to monitored routinely
for internal contamination with radionuclides. Notwithstanding, a continuous effort is recommended to reduce
any unnecessary exposure to radioactive substances, even if in inconsequential amounts, by regularly surveying
workplace environments and frequently monitoring atmospheric concentrations of radionuclides. (Korean J
Nucl Med Technol 2009;13(3):123-131)
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Table 1. Radio—isotope Concentrations in Korean Nuclear Medicine Workers™ Urines
A HH

_ 13| Xt 23| Xt 33| R}

ID H=E
Bq/kg 0 MDA Bq/kg o MDA Bq/kg o MDA

Al Tc-99m N/D N/D

T1-201 Z™ANZ S N/D 29 3.0 9.9

I-131 10.3 1.5 3.1 32 0.5 1.5
A2 Tc-99m 3.6 2.1 7.0 N/D N/D

1-123 102.9 35 6.2 N/D 223.6 13.3 235

1-131 142.0 5.6 6.0 42.0 3.1 4.3 20.3 2.1 3.9
A3 Tc-99m 5.6 1.8 5.5 N/D 120.5 80.0 264.5

F-18 Detected N/D N/D

1-131 53 1.4 4.0 34 1.1 3.2 1.6 0.9 32
A4 Tc-99m 11.8 2.8 7.9 N/D N/D

F-18 Detected N/D N/D

1-123 34 1.6 5.0 N/D N/D

1-131 4.4 1.6 4.8 2.0 1.0 33 3.0 1.0 2.9
A5 Tc-99m 3.6 1.7 5.5 N/D N/D

1-131 1.6 0.9 2.7 2.8 0.6 1.8 N/D
A6 Tc-99m 18.1 4.1 11.7 N/D N/D

1-131 9.8 1.8 4.1 441 3.0 43 25.0 2.9 2.6
A7 Tc-99m 64.9 6.6 14.8 N/D N/D

1-123 64.3 88.4 306.1 N/D N/D

1-131 17.4 3.1 7.5 15.0 0.9 2.0 4.3 1.3 3.8
A8 Tc-99m 3333 13.9 21.2 N/D 1,260.4 396.3 1,144.7

I-131 12.7 2.2 5.1 7.5 1.3 33 4.6 0.6 1.6
A9 Tc-99m 9.1 3.6 11.2 N/D N/D

1-131 1.9 1.2 3.8 5.1 0.5 1.5 N/D
A10 Tc-99m 6.2 3.1 9.9 N/D

1-123 2.7 1.4 4.6 N/D e SN =

1-131 1.3 1.6 5.4 8.5 0.6 1.5

_ 43| Xt 53| Xt 63| Xt
ID HEHE
Bq/kg o MDA Bqg/kg o MDA Bqg/kg o MDA

Al Tc-99m N/D N/D N/D

T1-201 N/D N/D N/D

I-131 5.8 1.1 2.8 29 1.0 3.0 N/D
A2 Tc-99m N/D N/D N/D

1-123 N/D N/D 1.6 1.9 6.5

1-131 123.8 4.3 4.9 252.0 6.3 6.0 67.8 3.7 3.8
A3 Tc-99m N/D N/D N/D

I-131 2.8 0.5 1.5 37 1.2 33 2.9 1.0 3.0
A4 Tc-99m N/D N/D

1-123 E=SSUNI=AR =" N/D N/D

1-131 N/D N/D
A5 Tc-99m N/D N/D N/D

1-131 N/D 8.5 1.5 3.6 25.0 2.5 4.5
A6 Tc-99m N/D 584.0 35.2 89.1 N/D

I-131 125.2 5.4 6.6 26.5 1.0 1.9 13.0 1.9 4.5
A7 Tc-99m 63.6 16.4 47.5 N/D 45.2 4.6 10.0

1-123 N/D N/D N/D

1-131 24.7 2.4 3.9 33.8 2.6 4.2 23.3 2.3 4.8
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A8 Tc-99m 72.9 28.6 89.2 =02 oS 1,387.2 18.7 19.0
1-131 5.0 1.6 4.6 16.3 1.9 4.2
A9 Tc-99m N/D N/D 7.2 2.5 7.6
I-131 8.5 1.8 4.4 22.7 25 5.3 35.9 2.7 4.1
A10 Tc-99m N/D N/D 7.1 2.2 6.7
1-123 N/D N/D N/D
1-131 37.4 3.0 5.1 62.6 2.2 3.0 11.3 1.8 4.1
_ 73|xt 83| Xt 93| Xt
ID HEHE
Bg/kg o MDA Bq/kg o MDA Bq/kg o MDA
Al Tc-99m N/D N/D N/D
F-18 N/D N/D Detected
T1-201 N/D N/D N/D
I-131 N/D N/D N/D
A2 Tc-99m N/D N/D
1-123 N/D N/D EF-ANZE g
1-131 55.0 33 3.8 28.9 1.4 32
A3 Tc-99m N/D N/D N/D
1-131 5.2 1.2 2.5 N/D 1.3 1.1 35
A4 Tc-99m N/D N/D
1-123 N/D N/D EF-ANZE g
1-131 N/D 3.6 1.3 3.7
A5 Tc-99m N/D N/D N/D
1-131 17.9 2.2 4.5 5.5 1.6 4.5 10.6 1.4 34
A6 Tc-99m N/D N/D 48.7 31 3.7
1-131 24.0 2.4 3.9 2.7 1.2 3.8 6.6 0.6 1.6
A7 Tc-99m N/D N/D 49.9 2.6 6.6
1-123 N/D N/D N/D
1-131 7.7 2.9 34 4.0 1.1 33 56.3 1.3 1.9
A8 Tc-99m N/D N/D 91.7 4.9 8.0
1-131 24.5 4.7 4.1 0.7 0.9 3.0 N/D
A9 Tc-99m N/D N/D N/D
F-18 N/D N/D Detected
1-131 10.2 1.8 4.3 N/D 4.4 1.6 4.9
A10 Tc-99m N/D N/D N/D
F-18 N/D N/D Detected
1-123 N/D N/D N/D
1-131 2.8 1.2 3.8 N/D N/D
_ 103| X}
ID HEHMS
Bq/kg 1% MDA
Al Tc-99m N/D
F-18 Detected
T1-201 N/D
I-131 N/D
A2 Tc-99m N/D
1-123 N/D
1-131 31.0 2.5 3.9
A3 Tc-99m N/D
I-131 1.2 1.0 3.2
A4 Tc-99m N/D
1-123 N/D
1-131 N/D
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A5 Tc-99m 2.6 1.3 8.3
1-131 14.7 0.9 2.0
A6 Tc-99m N/D
1-131 5.2 3.1 4.2
A7 Tc-99m 8.7 2.2 6.1
F-18 Detected
1-123 N/D
I-131 10.2 2.1 5.7
A8 Tc-99m 4.9 2.0 6.3
F-18 Detected
I-131 N/D
A9 Tc-99m N/D
I-131 N/D
A10 Tc-99m
1-123 SZANE 82
1-131
B &H¥
_ 13| X} 23| X} 33|kt
ID HEHE
Bqg/kg 0 MDA Bg/kg 0 MDA Bqg/kg 0 MDA
B1 Tc-99m N/D N/D N/D
1-123 N/D N/D N/D
1-131 N/D N/D N/D
B2 Tc-99m N/D N/D N/D
1-123 N/D N/D N/D
1-131 2.8 2.9 4.7 1.3 1.6 2.6 5.2 33 5.0
B3 Tc-99m N/D N/D N/D
1-123 N/D N/D N/D
1-131 N/D N/D N/D
B4 Tc-99m N/D N/D N/D
1-131 N/D N/D N/D
B5 Tc-99m N/D N/D N/D
1-123 574.1 85.5 102.5 N/D N/D
1-131 N/D N/D N/D
B6 Tc-99m N/D N/D N/D
1-131 25.4 52 6.2 13.0 5.8 8.1 16.9 3.8 4.4
B7 Tc-99m N/D N/D N/D
1-131 5,061.6 45.6 11.5 408.4 13.2 6.4 317.0 7.9 7.0
BS T1-201 N/D N/D N/D
1-123 N/D 54.7 12.8 16.0 N/D
1-131 N/D N/D N/D
B9 Tc-99m N/D N/D N/D
1-131 30.2 5.9 6.4 7.0 4.0 3.0 3.0 2.0 3.0
B10 TI1-201 Detected N/D N/D
Tc-99m N/D N/D N/D
1-123 21,297.3 469 228.2 95.9 23 31.0 4,199.7 288 239.7
1-131 2.3 2.1 3.2 N/D N/D
_ 43| Xt 53|xt 63| Xt
ID HEHMS
Bq/kg 0 MDA Bqg/kg 0 MDA Bqg/kg 0 MDA
B1 Tc-99m N/D N/D
1-123 411.6 73.8 90.7 N/D E= SN =
I-131 N/D N/D
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B2 Tc-99m N/D N/D N/D
1-123 N/D N/D N/D
1-131 N/D 7.0 31 4.2 2.0 2.4 3.9
B3 Tc-99m N/D N/D N/D
1-123 N/D 247.0 154.4 227.8 N/D
I-131 N/D N/D N/D
B4 Tc-99m N/D N/D N/D
I-131 N/D N/D N/D
B5 Tc-99m N/D N/D
1-123 1,033.6 164.9 201.9 N/D E SN =
I-131 N/D N/D
B6 Tc-99m N/D N/D N/D
1-131 6.1 1.2 4.5 2.3 2.8 4.6 11.6 1.2 1.7
B7 Tc-99m N/D N/D N/D
I-131 627.8 22.9 11.8 191.2 14.1 8.2 408.9 4.9 2.0
B8 T1-201 1,623.5 39.8 38.8 216.5 17.5 20.9 484.5 21.3 23.9
1-123 N/D 7,166.3 249.4 170.6 N/D
I-131 N/D N/D N/D
B9 Tc-99m N/D N/D N/D
I-131 3.5 2.1 32 N/D 1.2 0.6 1.0
B10 TI1-201 Detected N/D N/D
Tc-99m N/D N/D N/D
1-123 30,539.4 324 202.8 37,999.4 1,235 570.3 51,054.0 511 152.9
I-131 N/D N/D N/D
_ 73| Xt 83|xt
ID HEHMS
Bg/kg o MDA Bq/kg o MDA
Tc-99m N/D N/D
B1 1-123 N/D N/D
I-131 N/D N/D
Tc-99m N/D N/D
B2 1-123 N/D N/D
1-131 32.5 5.4 5.4 N/D
Tc-99m N/D N/D
B3 1-123 N/D N/D
1-131 N/D 1.5 1.3 4.5
B4 Tc-99m N/D N/D
I-131 N/D N/D
Tc-99m N/D N/D
B5 1-123 10,329.4 563.0 351.7 N/D
I-131 N/D N/D
B6 Tc-99m N/D N/D
I-131 4.6 33 5.1 12.5 2.4 3.4
B7 Tc-99m N/D N/D
I-131 465.6 16.4 6.7 254.6 11.7 5.9
T1-201 N/D N/D
BS 1-123 N/D N/D
I-131 N/D N/D
B9 Tc-99m N/D N/D
1-131 24.3 43 4.5 20.7 4.2 4.9
Tc-99m N/D N/D
B10 1-123 169,594.5 2154 796.1 N/D
I-131 N/D N/D
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C #H¥
_ 13| X} 23|xt 33|Xt
ID HEHMS
Bq/kg o MDA Bq/kg MDA Bq/kg 0 MDA
c1 Tc-99m N/D N/D N/D
I-131 7.1 2.4 3.7 57.3 5.7 5.1 1.9 1.3 2.0
2 Tc-99m N/D N/D N/D
I-131 N/D N/D N/D
3 Tc-99m N/D N/D N/D
I-131 N/D 2.0 2.0 3.2 N/D
Ca Tc-99m N/D N/D N/D
1-131 N/D 1.6 2.1 3.4 N/D
Cs Tc-99m N/D N/D N/D
1-131 271 1.3 1.3 14.0 3.2 3.9 10.3 2.0 2.5
_ 43| Xt 53| Xt 63|Xt
ID HEHMS
Bq/kg o MDA Bq/kg MDA Bq/kg 0 MDA
1 Tc-99m N/D N/D N/D
I-131 15.6 4.2 5.5 24.4 4.4 5.2 27.1 1.6 1.6
C2 Tc-99m N/D N/D N/D
I-131 N/D N/D N/D
C3 Tc-99m N/D N/D N/D
1-131 N/D N/D 10.5 3.0 3.6
Ca Tc-99m N/D N/D N/D
1-131 1.5 1.0 1.6 N/D 1.2 1.7 2.8
Cs Tc-99m N/D N/D N/D
1-131 12.8 2.5 3.6 10.0 1.9 2.8 8.5 3.4 4.7
Al=Z2F : 100 ~ 200 mL (spot sample).
AZAISA|ZE : 5000 sec 0|4 (HPGe).
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Table 2, Committed Effective Dose Assessment Results with Korean Nuclear Medicine Worker'Urine Measurement (*™Tc, "2, 1) (mSv)

Tc-99m 1-123 1-131
A& HS 1D MEgot At MEgot dnt Mot 2t A (mSv/yr) H
(mSv/yr) (mSv/yr) (mSv/yr)
1 Al 0.0 0.0 4.77E-02 4.77E-02
2 A2 6.57E-03 1.44E-02 5.20E-01 5.41E-01
3 A3 2.54E-01 0.0 3.90E-02 2.93E-01
4 A4 1.11E-02 0.0 4.13E-02 5.24E-02
A 5 A5 1.34E-02 0.0 8.19E-02 9.53E-02
He 6 A6 6.42E-01 0.0 1.49E-01 7.91E-01
7 A7 2.26E-01 2.81E-03 2.13E-01 4.42E-01
8 A8 3.05E+00 0.0 6.69E-02 3.12E+00
9 A9 1.80E-02 0.0 7.72E-02 9.52E-02
10 A10 1.63E-02 0.0 1.20E-01 1.36E-01
11 B1 0.0 4.55E-03 0.0 4.55E-03
12 B2 0.0 0.0 5.94E-02 5.94E-02
13 B3 0.0 2.73E-03 5.72E-02 5.99E-02
14 B4 0.0 0.0 0.0 0.0
B 15 B5 0.0 1.32E-01 0.0 1.32E-01
HY 16 B6 0.0 0.0 1.12E-01 1.12E-01
17 B7 0.0 0.0 4.74E+00 4.74E+00
18 B8 0.0 7.99E-02 0.0 7.99E-02
19 B9 0.0 0.0 2.98E-02 2.98E-02
20 B10 0.0 3.48E+00 7.03E-02 3.55E+00
21 C1 0.0 0.0 1.55E-01 1.55E-01
22 C2 0.0 0.0 0.0 0.0
I:HC% 23 C3 0.0 0.0 6.47E-02 6.47E-02
<= 24 C4 0.0 0.0 2.52E-02 2.52E-02
25 C5 0.0 0.0 2.07E-01 2.07E-01
- ™A : 5.93E-01 mSv.
- EFmX} : 1.25E4+00 mSv.
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ARl wet 6~103lef] 274 7} 21 100~200 mL o] e
AR F IEA RIS ANgSlo] AR 5
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Fig. 1. Gamma Spectroscopy of Korean Nuclear Medicine
Worker’s Urine: Iodine ("I, ') Peak.

Fig. 2. Gamma Spectroscopy of Korean Nuclear Medicine
Worker’s Urine: Technetium (®™T¢c) Peak.

Fig. 3. Gamma Spectroscopy of Korean Nuclear Medicine
Worker’s Urine: Annihilation (°F) Peak.
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