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ABSTRACT

In this study, the effective dose for frequently general radiography among the diagnostic reference level (DRL)
for examinations provided by the government in Korea was evaluated using the Monte Carlo N-Particle eXtended
(MCNPX) simulation tool. We were selected to evaluate for a total of 5 examination sites which included head
anterior-posterior, chest (posterior-anterior, lateral), abdomen anterior-posterior and pelvis anterior-posterior.
Physical conditions such as tube voltage and tube current used in MCNPX simulation were used in domestic
conditions of the Korea Disease Control and Prevention Agency (KDCA). To evaluate domestic medical radiation
exposure, we used the HDRK-Man computerized human phantom manufactured based on the international
standard ICRP 103 that was applied to the MCNPX simulation. The phantom could represent the standard body
shape of Koreans. As a results, the effective dose corresponding to the DRL based on adult males of head
anterior-posterior position was 0.086 mSv, chest posterior-anterior position was 0.05 mSv, chest lateral was 0.354
mSv, abdomen anterior-posterior position was 0.548 mSv, and pelvis anterior-posterior position was 0.451 mSv.
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II. MATERIALS AND METHODS
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Fig. 1. IPEM SRS 78 program calculating X-ray
spectrum.
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Fig. 2. Geometry of X-ray generator simulated by
MCNPX.
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Fig. 3. 3D whole-body frontal view with semi-
transparent skin (left) and major organs and tissues
(right) of HDRK-Man (Kim et al, 2008).

III. RESULTS
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Table 1. Summary of mean effective dose of general
radiography calculated in this study

Examination DRL 2019 Effective dose Error
(mGy) (mSv) ()

Head AP 2.85 0.086 2.9
Chest PA 0.4 0.050 1.2
Chest LAT 1.26 0.354 0.8
Abdomen AP 3.64 0.548 0.9
Pelvis AP 3.59 0.451 2.3
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Table 2. Organ dose and effective dose of head AP Table 4. Organ dose and effective dose of chest LAT
projection projection
. D . D
Organ or Tissue Or%?Il:G]y))ose Organ or Tissue Or%fr?G}ll))ose Organ or Tissue Or%aI?Gy)ose Organ or Tissue Or%arl:Gy)ose
Red bone marrow  0.016973 Adrenal 0.000011 R;‘;rfo"vale 0.020214 Adrenal 0.000959
Colon 0.000037  Extra thoracic  0.003873 Colon 0.001079  Extra thoracic  0.000798
Lung 0.001927 Gall bladder  0.000006 Lung 0.067910 Gall bladder  0.000455
Stomach 0.000103 Heart 0.000074 Stomach 0.008952 Heart 0.003874
Breast 0.000411 Kidney 0.000006 Breast 0.053641 Kidney 0.000309
Gonads 0.000025 Limphatic node  0.000308 Gonads 0.000020 Limphatic node  0.003610
Bladder 0.000005 Muscle 0.000831 Bladder 0.000027 Muscle 0.001241
Esophagus 0.001371 Oral mucosa  0.004085 Esophagus 0.015874 Oral mucosa  0.000310
Liver 0.000066 Pancreas 0.000006 Liver 0.010392 Pancreas 0.000497
Thyroid 0.007100 Prostate 0.000001 Thyroid 0.018967 Prostate 0.000003
Bone 0.005416 Small intestine 0.000003 Bone 0.002327 Small intestine 0.000089
Brain 0.013348 Spleen 0.000011 Brain 0.000063 Spleen 0.000466
Salivary gland ~ 0.012873 Thymus 0.000198 Salivary gland  0.000479 Thymus 0.003515
Skin 0.001539 - - Skin 0.000834 - -
Effective dose (mSv) 0.071 Effective dose (mSv) 0.217
Table 3014 &5 PA FAlol| & F7| Az 4 Table 5904 B3 AP 7}t wWa A7) Meke 4%
(0.12° mGy), 2= (0.09 mGy), HZH (0.08 mGy), (1.56 mGy), 9 (1.56 mGy), T3¢ (1.49 mGy), %
-
A7 (0.07 mGy) & &ol At (126 mGy) 5 o]t}
Table 3. Organ dose and effective dose of chest AP Table 5. Organ dose and effective dose of abdomen AP
projection projection.
. Organ Dose s Organ Dose
Organ or Tissue %mGy) Organ or Tissue %mGy) Organ or Tissue Or%;annG}]?)ose Organ or Tissue Or%ﬁ?(}}lx))ose
Red bone
marron 0.003873 Adrenal 0.000177 Red bone 0.024944 Adrenal 0.005600
Colon 0.000200 Extra thoracic 0.000085 Colon 0.149548 Extra thoracic 0.000011
Lung 0.009415 Gall bladder  0.000059 Lung 0.018836 Gall bladder ~ 0.014200
Stomach 0.001796 Heart 0.000432 Stomach 0.192897 Heart 0.001152
Breast 0.002157 Kidney 0.000064 Breast 0.003250 Kidney 0.005610
Gonads 0.000012  Limphatic node  0.000516 Gonads 0.003547  Limphatic node  0.001629
Bladder 0.000008 Muscle 0.000210 Bladder 0.021780 Muscle 0.002013
Esophagus 0.002482 Oral mucosa 0.000063 Esophagus 0.004554 Oral mucosa 0.000013
Liver 0.001025 Pancreas 0.000084 Liver 0.047440 Pancreas 0.011982
Thyroid 0.001713 Prostate 0.000001 Thyroid 0.000296 Prostate 0.001590
Bone 0.000383  Small intestine  0.000016 Bone 0.003807  Small intestine  0.014903
Brain 0.000014 Spleen 0.000163 Brain 0.000003 Spleen 0.009712
Salivary gland ~ 0.000086 Thymus 0.000332 Salivary gland  0.000013 Thymus 0.000219
Skin 0.000115 - - Skin 0.001952 - -
Effective dose (mSv) 0.025 Effective dose (mSv) 0.542
Table 4914 §% LAT #HAb we Z7|x=ke Table 6914 25 AP FAbl] wte F7)|Ad5de 4
b A S
7 (0.88 mGy), /441 (0.74 mGy), % (0.7 mGy), 2 (1.85 mGy), % (1.80 mGy), AAA (1.58
= >~
A7 (0.66 mGy) & ol AT mGy), H%& (141 mGy) 5 w=°]%lth
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Table 6. Organ dose and effective dose of pelvis AP
projection

Organ or Tissue Or%arl:G)ll))ose Organ or Tissue OY%E?G]}?)OS‘Q'
Red bone marrow  0.033101 Adrenal 0.001087
Colon 0.171379 Extra thoracic 0.000003
Lung 0.001960 Gall bladder 0.005405
Stomach 0.027618 Heart 0.000084
Breast 0.000287 Kidney 0.003944
Gonads 0.128197  Limphatic node  0.000809
Bladder 0.073110 Muscle 0.002620
Esophagus 0.000364 Oral mucosa 0.000003
Liver 0.003789 Pancreas 0.003026
Thyroid 0.000048 Prostate 0.010847
Bone 0.005101 Small intestine  0.017277
Brain 0.000001 Spleen 0.002357
Salivary gland 0.000005 Thymus 0.000018

Skin 0.001900 - -
Effective dose (mSv) 0.494

IV. DISCUSSIONS
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