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Estimation of Population Doses from Diagnostic Medical

Examinations in Japan, 1974

2. Estimation of Genetically Significant Dose

Tadashi Hashizume, T'akashi Maruyama and Yoshikazu Kumamoto

Division of Physics, National Institute of Radiological Sciences, 9-1, 4-chome
Anagawa, Chiba, Japan
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The genetically significant dose from radiographic and fluoroscopic examination in Japan has been

estimated based on a 1974 nation wide survey of randomly sampled hospitals and clinics. The gonad

dose during X-ray diagnosis was determined with an ionization chamber placed at the positions of ovary

and testis in a Rando phantom. The instrumented phantom was irradiated with medical diagnostic X-

rays on the basis of the exposure data on the patients selected in the nation wide survey. In the calcula-

tion of the genetically significant dose, the child expectancy of the patients that undergo each particular

type of examination was assumed to be same as that of general population. The resultant genetically

significant dose was 11.1 and 5.43 mrad per person per year for radiography and fluoroscopy, respectively.

These values were compared with those of 1960 and 1963. In spite of the number of examinations per

year shows a yearly increase, the genetically significant dose is gradually on the decrease. This may be

due to the technical inprovements in medical radiological practices.
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Table 1. Ratio* of X-ray dose received in TV-
fluoloscopic examination to that received in or-
dinary fluoloscopic examination

E::szni(:lgrion e
Head 0.599
Cervical spine 0.578
Shoulder 0.556
Thorax 0.578
Chest 0.592
Barium meal 0.606
Cholecystography 0.455
Abdomen 0.581
Lower leg 0.500
Others 0.625

* The ratio was used for the determination of
gonad and bone marrow dose in TV-fluoloscopic
examinations, since basic data for dose determi-
nation were measured with the use of ordinary
fluoloscopic X-ray generator.
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Table 2. Gonad dose, dyj, per radiographic examination (mrad)
Type of Male (years old) Female (years old)
Bt IO 0—2 | 3—7 | 8—14 | 15— 0—2 | 3—7 | 8—14 | 15—
1, Head 0.04 0.04 0.04 0.04 0.05 0.04 0.03 0.03
2. Cervical 0.03 0.03 0.02 0.04 0.06 0.04 0.03 0.03
3. Shoulder 0.03 0.03 0.02 0.02 0.06 0.04 0.03 0.02
4, Thorax 0.05 0.05 0.04 0.04 0.03 0.03 0.05 0.06
5. Chest 0.8 0.5 0.4 0.06 1.2 0.6 0.45 0.32
6. Esophagus 0.12 — 0.1 0.08 -— — — 0.17
7. Barium meal 3.5 2.0 1.5 1.5 20 18 13 18
8. Gall 0.25 = = 0.75 2.8 3.2 4.5 5.3
9. Abdomen 45 40 20 24 20 23 35 45
10, Intestine 42 60 95 130 40 55 70 95
11. Dosal — — 0.3 0.23 - 26 5 0.8
12, Lumbar i 12 12 16 i 50 70 85
13. Lumbo. — — o 340 = — i 110
14, Pelvis 120 205 270 360 -— —_ 80 110
15, Urography — 13 15 22 75 35 48 60
16. Cystography — 150 210 280 40 32 - 55
17. Hystero — — —_— — — — i 95
18. Pelvimetry
19. Obstetric - - - - B . - L
20. Hip joint 80 120 170 205 40 65 95 120
21, Femur - =5 o 65 - . - 23
22. Lower leg 2 3 5 10 0.2 0.3 0.35 0.41
23. Tomography — —_ . 0.08 . . 0.1 0.12
24, Mammography — — — — — - — 0.01
25. Myelography o . 9 11 -— — R 60
26. Others — — = 43 == = = 48

(Footnote of Table 2.)
* 1, Head (Skull, Maxilla, Mandibula), 2. Cervical (Cervical spine), 3. Shoulder (Shoulder, Arm, Hand)
4. Thorax (Ribs, Sternum, Clavicle), 5. Chest (Lung, Heart, Apex, Bronchus), 6. Esophagus (Esophagus)
7. Barium meal (Stomach, Duodenum), &. Gall (Gall-bladder), 9. Abdomen (Adbomen), 10. Intestine (Small
Intestine, Colon or Barium enema), 11. Dorsal (Dorsal spine), 12. Lumbar (Lumbar spine), 13. Lnmbo.
(Lumbosacral region), 14. Pelvi (Pelvis, Hip), 15. Urography (Urography (Descending/Intravenous dyelo-
graphy)) 16. Cystography (Bladder, Urethra), 17. Hystero. (Hysterosalpingography), 18. Pelvimetry (Pelvi-
metry) 19, Obstetric (Obstetrical abdomen), 20. Hip joint (Hip joint, Head and Upper part of femur),
21, Femur (Lower 2/3 of femur), 22. Lower leg (Lower leg and foot), 23. Tomogram (Tomogram),
24, Mammography (Mammography), 25. Myelography (Myelography), 26. Others (Others)
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Table 3. Gonad dose, dy, per fluoroscopic examination (mrad)

Type of Male (years old) Female (years old)
Ezarsin focs 0—2 | 3—7 | 8—1a | 15— 0—2 | 3—7 | 8—14 | 15—
1, Head 0.23 0.23 0.18 0.14 - — — —
2, Cervical —— — — 0.14 —_ - — ==
3. Shoulder o 0.04 0.10 0.10 0.12 0.12 0.15 .
4, Thorax = - 0.83 0.84 o = 2.8 .
5. Chest 1.90 1.5 1.0 0.90 - 8.0 5.6 4.3
6. Esophagus — — —_ 2.0 - 3.3 3.85 4.9
7. Barium meal 48 25 14 16 280 190 180 240
8. Gall —_ — — 4.7 o . 44 59
9. Abdomen 200 180 140 120 — —_ — 890
10. Intestine 240 420 620 790 1300 i 1300 1700
11. Dosal — - o 4.3 o i — 10
12. Lumbar - — 97 130 - e 820 960
13. Lumbo - — — 770 - — - 900
14, Pelvis —_ . fh— 780 — = = 1100
15. Urography o -~ = 410 — - . 890
16. Gystography — 500 710 880 = 530 870
17. Hystero —_ — — = - . ! 1200
18. Pelvimetry
19. Obstetric B o - - B o - a
20. Hip joint — = 780 1000 1200 1300 1300 1200
21, Femur = = = 280 . S — o
22. Lower leg — 28 8% | 50 - 4.2 3.6 2.3
23. Tomogram - _— — — — — —- —
24, Mammography . = - 94 - — — 840
25. Myelography - — — — - — = —
26, Others — —_ — — | -— — — —
* see footnote of Table 2.
Table 4. Child expectancy and future number of children in the population by age-group
Age-group Population Child expectancy Future number of
(years old) e Wi (Wi children N, x W,
0—14 13,546 x 10° 2.209 29,923 x 10°
15—19 4,150 2.209 9,167
20—24 5,135 2.176 11,174
25—29 4,737 1.671 7,916
30—34 4,441 0.600 2,665
35—39 4,211 0.178 749
Male 40—44 3,973 0.048 191
45—49 3,346 0.016 54
50—54 2,305 0.005 12
55—59 2,501 0.0016 3
60—64 1,868 0.0004 0.7
65—69 1,459 0.0002 0.3
T0—74 1,093 | 0.0001 0.1
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75— 1,005 0.00003 0.03
Subtotal 53,320 X 10° 61,855 % 10
0—14 12,890 2.105 33,448
15—19 4,017 2.105 8,456
20—24 5,162 1.997 10,309
25—29 4,825 1.128 5,443
30—34 4,500 0.275 1,238
Female 35—39 4,234 0.046 195
40—44 3,559 0.0044 16
45—49 3,518 0.00012 0.4
50—54 2,959 0.000000
55— 9,316
Subtotal 54,980 % 10° 59,105 x 10°
Total 108,300 X 10° 120,960 x 10*
Table 5. Genetically Significant dose by sex and type of examination(mrad per person per year)
Radiography I Fluoroscopy
Type of Examination®
Male Female | Subtotal Male Female | Subtotal Total
1. Head - — -— — — —_ —
2, Cervical — - -— — — — —
3, Shoulder — — — — - — e
4, Thorax e - -— — — —_ —
5, Chest 0.02 0.03 0.05 = 0.01 0.01 0.06
6. Esophagus = = - o 0.01 0.01 0.01
7. Barium meal 0.20 1.12 1.32 0.26 2.0 .26 3.58
8, Gall — 0.01 0.01 0.01 0.04 0.05 0.06
9, Abdomen 0.33 0.26 0.59 0.16 0.52 0.68 1.27
10. Intestine 1.48 0.30 1.78 0.56 0.51 1.07 2.85
11, Dosal - 0.01 0.01 — — i 0.01
12. Lumbar 0.54 0.78 1.32 0.03 0.23 0.26 1.58
13. Lumbo 0.16 (.04 0.20 — 0.02 0.02 0.22
14, Pelvis 0.40 0.24 0.64 0.03 0.02 0.05 0.69
15. Urography 0.12 0.38 0.50 0.12 0.17 0.2 0.79
16. Cystography 0.37 0.03 0.40 0.12 0.08 0.20 0.60
17. Hystero - 0.13 0.13 i 0.14 0.14 0.27
18, Pelvimetry
19, Obstetric - 0.50 0.50 = — = 0.50
20. Hip joint 2.2 (.86 3.06 0.14 0.23 0.37 3.43
21, Femur - — - — — — —
22. Lower leg 0.53 0.01 0.54 0.02 — 0.02 0.56
23. Tomogram — —_ - — . — i
24, Mammography — — — — . i -
25, Myelography - 0.01 0.01 - - = 0170
26, Others 0.03 0.01 0.04 e = & 0.04
Total 6.38 4.72 11.1 1.45 3.98 5.43 16.53

* see footnote of Table 2.
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Table 6. Genetically significant dose by sex and age-group (mrad per person per year)
|0—2|3— 7|8 —14J15—19]20—24}p5—26]30—34l35—30]t0—dalu5—s9f50—555— | Subtotal
] Male |0.68 | 0.28 | 0.55 [ 1.60 | 1.11 [ 1.51 | 0.44 | 0.15 | 0.04 | 0.02 | 0.00 | 0.00 | 6.33
- | Female| 0.53 | 0.14 | 0.49 | 1.12 | 1.26 | 0.8 | 0.26 | 0.05 | 0.0 | 0.00 | 0.00 | 0.00 | 4.72
Subtotal| 1.21 | 0.42 | 1.04 | 2.72 | 2.37 | 2.36 | 0.70 | 0.20 | 0.05 | 0.01 | 0.00 | 0.00 | 11.1
Male | 0.06 | 0.06 | 0.07 | 0.27 | 0.32 | 0.45 | 0.14 | 0.06 | 0.01 | 0.0L | 0.00 | 0.00 | 1.45
sox0" | Female| 0.19 | 0.09 | 0.12 | 0.59 | 143 | 1.12 | 0.36 | 0.07 | 0.01 | 0.00 | 0.00 | 0.00 | 3.8
Subtotalf 0.25 | 0.15 | 0.19 | 0.86 | 1.75 | 1.57 | 0.50 | 0.13 | 0.02 | 0.01 | 0.00 | 0.00 | 5.43
Total | 1.46 |0.57 | 1.23 |3.58 | 4.12 [3.93 | 1.20 | 0.33 | 0.07 | 0.02 | 0.00 | 0.00 | 16.53
Table 7. Comparison of genetically significant Wi 2 SV B g AR B A <, EERET S
dose for 1960, 1969 and 1974 (mrad per person =
per year) .
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