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ABSTRACT

This study investigated the shielding efficiency of various types of shielding materials and measured the dose
by organ using the phantom. Results of Shielding Efficiency Measurement Using Personal Radiation Meter.
Among the various shielding materials, 1.1 mm RNS-TX composed of nano tungsten showed the highest shielding
efficiency and 0.2 mm lead shielding showed the lowest shielding efficiency. 99mTc 30 mCi was exposed to the
phantom for 120 minutes and the result of the measurement of the organs. 20.53 mSv without radiation protective
clothing, 8.75 mSv when wearing 0.25 mm Pb protective clothing, 6.03 mSv when wearing 0.5 mm Pb protective
clothing. 1311 2 mCi mCi was exposed to the phantom for 120 minutes and the result of the measurement of the
organs. 7.71 mSv without radiation protective clothing, 4.88 mSv when wearing 0.25 mm Pb protective clothing,
2.79 mSv when wearing 0.5 mm Pb protective clothing. 18F 5 mCi was exposed to the phantom for 120 minutes

and the result of the measurement of the organs.

16.39 mSv without radiation protective clothing, 15.84 mSv

when wearing 0.25 mm Pb protective clothing, 12.52 mSv when wearing 0.5 mm Pb protective clothing. None
of the radiation workers working in the nuclear medicine department exceeded the dose limit. However, when
compared with other workers in the hospital, they showed a relatively high dose. Therefore, it is necessary to
prepare measures to reduce and manage the dose of radiation workers in the nuclear medicine department through
the wearing of radiation protective clothing made of lightweight, shielding material with good shielding efficiency,
circulation task, task sharing, and substitution equipment such as auto dispenser.
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II. MATERIAL AND METHOD
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Fig 1. Various kinds of shielding materials.
*RNS-MP consisted of mixture of bismuth and barium sulfate at a certain ratio of nano-sized tungsten as main material.
RNS-TX consists of nanoparticle-sized tungsten.

(©) 1.0 mm Pb

(F) 1.5 mm RNS-MP
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Table 1. Measurement of shielding rate using electronic radiation dose meter. (Unit: mSv)
Shield N % Min Max Mean SD
No Shield 3 100 330 334 33167 .002082
0.2mm Pb 3 73.41 240 245 24267 .002517
99m. 0.5mm Pb 3 37.46 122 125 12367 .001528
1.0mm Pb 3 30.21 .10 13 1133 .01528
140 keV 0.65mm RNS-MP 3 63.74 210 211 21067 .000577
1.1 mm RNS-TX 3 24.16 .080 .084 .08167 .002082
1.5 mm RNS-MP 3 33.83 112 113 11233 .000577
No Shield 3 100 505 .507 .50567 .001155
0.2mm Pb 3 96 480 488 48467 .004163
131 0.5mm Pb 3 88 452 453 45233 .000577
1.0mm Pb 3 78 399 402 40000 .001732
364 ke 0.65mm RNS-MP 3 92 470 477 47333 .003512
1.1 mm RNS-TX 3 74 377 379 37800 .001000
1.5 mm RNS-MP 3 84 428 488 44833 .034356
No Shield 3 100 1.615 1.618 1.61600 .001732
0.2mm Pb 3 95.85 1.544 1.548 1.54600 .002000
18 0.5mm Pb 3 91.02 1.470 1.479 1.47367 .004726
1.0mm Pb 3 86.87 1.403 1.405 1.40367 .001155
511 keV 0.65mm RNS-MP 3 94.48 1.517 1.526 1.52300 .005196
1.1 mm RNS-TX 3 84.82 1.370 1.372 1.37067 .001155
1.5 mm RNS-MP 3 87.61 1.415 1.417 1.41567 .001155
Valid N (listwise) 3 - - - - -
Table 2. Dose by organ when exposed to 99MTc 30 mCi for 120 min. (Unit: mSv)
Organ No shield 0.25mm Pb 0.5mm Pb
Lung(U) 20.17 9.53 8.34
Lung(M) 24.66 9.47 6.20
Lung(L) 19.62 7.81 5.42
T-spine 10.20 7.05 5.53
Clavicle 28.99 11.21 7.91
Sternum 30.65 13.55 8.61
Rib 26.25 16.84 10.66
Scapula 14.92 5.88 3.20
L-spine 8.08 2.85 0.00
Thymus 24.01 9.27 5.47
Breast 33.87 12.39 8.99
Heart 18.89 9.02 7.71
Liver 18.53 7.02 6.63
Spleen 14.57 4.86 3.01
Kidney 14.54 4.64 2.89
Mean 20.53 8.75 6.03
S D 7.49 3.69 2.84
Ratio (%) 100 42.62 29.37
Efficiency (%) 0 57.38 70.63
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Table 3. Dose change after wearing radiation protective clothing. (when radiation shielding of 140 keV)

Paired Differences

99m, 95% Confidence Interval of the . .
Tc Mean Std. Std. Difference t df Sig. (2-tailed)
Deviation Error Mean
Lower Upper
No shield - 1177067 4.79677 123852 9.11431 14.42703 9.504 14 000
0.25mm Pb
No_shield - 1449200 553188 1.42833 11.42855 17.55545 10.146 14 000
0.5mm Pb
Table 4. The distance from the surface of the body to the organ and the dose change in the organ.
9 Unstandardized Coefficients Standardized Coefficients
"Tc Model t Sig.
B Std. Error Beta
Dependent  (Constan) 29.839 1.031 28.950 000
Variable
No shield distance -.186 .019 -.882 -9.717 .000
Dependent  (Constant) 13.123 591 22213 000
Variable
0.25mm Pb distance -.091 011 -.848 -8.330 .000
Dependent  (Constant) 9.000 536 16.793 000
Variable
0.5mm Pb distance -.061 .010 -.762 -6.108 .000
Table 5. Dose by organ when exposed to BI1 2 mCi for 120 min. (Unit: mSv)
Organ No shield 0.25mm Pb 0.5mm Pb
Lung(U) 8.50 6.60 2.50
Lung(M) 8.26 5.23 3.63
Lung(L) 7.46 4.40 2.09
T-spine 7.43 4.05 1.72
Clavicle 4.28 2.57 0.73
Sternum 6.43 4.64 3.32
Rib 5.57 5.21 1.82
Scapula 7.32 3.96 2.28
L-spine 5.94 4.90 4.61
Thymus 11.89 5.47 3.80
Breast 12.44 9.70 5.08
Heart 10.18 6.85 4.35
Liver 10.29 5.67 3.58
Spleen 347 0.46 0.23
Kidney 6.2 3.5 2.1
Mean 7.71 4.88 2.79
S D 2.61 2.07 1.41
Ratio (%) 100 63.29 36.18
Efficiency (%) 0 36.71 63.82
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Table 6. Dose change after wearing radiation protective clothing. (when radiation shielding of 364 keV)

Paired Differences

131 95% Confidence Interval of the . -
I Mean Std. Std. Difference t df Sig. (2-tailed)
Deviation  Error Mean
Lower Upper
No shield - 0.25mm Pb  2.83000 1.45361 37532 2.02502 3.63498 7.540 14 .000
No shield - 0.5mm Pb 4.92133 1.79346 46307 3.92815 5.91452 10.628 14 .000
Table 7. The distance from the surface of the body to the organ and the dose change in the organ.
. Unstandardized Coefficients Standardized Coefficients
I Model t Sig.
B Std. Error Beta
Dependent (Constant) 8.337 732 11.392 .000
Variable
No shield distance -014 014 -197 -1.042 307
Dependent (Constant) 5.819 .625 9.312 .000
Variable
0.25mm Pb distance -.027 012 -403 -2.288 .030
Dependent (Constant) 3.001 418 7.175 .000
Variable
0.5mm Pb distance -.009 .008 -210 -1.118 274
Table 8. Dose by organ when exposed to F 5 mCi for 120 min. (Unit: mSv)
Organ No shield 0.25mm Pb 0.5mm Pb
Lung(U) 18.72 18.87 14.06
Lung(M) 21.23 2332 14.63
Lung(L) 16.60 17.04 16.11
T-spine 13.82 11.24 10.86
Clavicle 17.90 17.08 15.58
Sternum 21.52 21.19 17.03
Rib 22.29 17.20 13.69
Scapula 13.92 11.76 8.47
L-spine 8.08 12.05 11.10
Thymus 17.20 21.64 11.49
Breast 22.55 19.84 15.04
Heart 14.03 12.80 8.94
Liver 20.62 16.04 15.78
Spleen 13.26 11.26 9.48
Kidney 4.07 6.27 5.55
Mean 16.39 15.84 12.52
SD 5.33 4.80 3.39
Ratio (%) 100 96.64 76.38
Efficiency (%) 0 3.36 23.62
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Table 9. Dose change after wearing radiation protective clothing. (when radiation shielding of 511 keV)

Paired Differences

18 95% Confidence Interval of . .
F M Std. Std. Error the Difference t df Sig. (2-tailed)
ean L
Deviation Mean
Lower Upper
No shield - 0.25mm Pb .54733 2.83158 73111 -1.02074 2.11541 749 14 466
No shield - 0.5mm Pb 3.86667 3.19769 .82564 2.09585 5.63749 4.683 14 .000

Table 10. The distance from the surface of the body to the organ and the dose change in the organ

18 Unstandardized Coefficients Standardized Coefficients
F Model t Sig.
B Std. Error Beta

Dependent (Constant) 23.151 915 25.299 .000
Variable

No shield distance -134 017 -.835 -7.885 .000

Dependent (Constant) 21.593 1.083 19.932 .000
Variable

0.25mm Pb distance 111 .020 =728 -5.510 .000

Dependent (Constant) 16.140 .840 19.206 .000
Variable

0.5mm Pb distance -.064 016 -.618 -4.082 .000
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