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Estimation of Population Doses from Diagnostic Medical
Examinations in Japan, 1974
3. Per Caput Mean Marrow Dose and Leukemia Significant Dose
Tadashi Hashizume, Takashi Maruyama and Yoshikazu Kumamoto

Division of Physics, National Institute of Radiological Sciences, -1, 4-chome
Anagawa, Chiba, Japan, 280

Research Code No.: 302
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The per caput mean marrow dose and leukemia significant dose from radiographic and fluoroscopic
examinations in Japan have been estimated based on a 1974 nation wide survey of randomly sampled
hospitals and clinics. In the determination of the mean marrow dose to an individual from a certain
exposure of a given type of examination, the active marrow in the whole body was divided into 119 parts
for an adult and 103 for a child. Dosimetric points on which the individual marrow doses were deter-
mined were set up in the center of each marrow part. The individual marrow doses at the dosimetric
points in the beams of practical diagnostic X-rays were calculated on the basis of the exposure data on
the patients selected in the nation wide survey, using depth dose curves experimentally determined for
diagnostic X-rays. The individual mean marrow dose was averaged over the total active marrow by
summing, for each dosimetric point, the product of the fraction of active marrow exposed and the individual
marrow dose at the dosimetric point.

The leukemia significant dose was calculated by adopting weighting factor, that is leukernia significant
factor. The factor was determined from the shape of the time-incidence curve for radiation-induced
leukemia at Hiroshima A-bomb and the survival statistics for the average population.

" The resultant per caput mean marrow dose from radiographic and fluorescopic examination was 37.0
and 70.0 mrad/person/year, respectively, with a total of 107.05 mrad/person/year. The leukemia sig-
nificant dose was 32.1 mrad/person/year for radiographic examination and 61.2 mrad/person/year, with

a total of 93.3. These values were compared with those of 1960 and 1969.
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Fig. 1. Depth dose curves in MixDp phantom
These curves were determined for diagnostic X-
rays, using an ionization chamber placed in a
MixDp phantom. The figures on the curves show
the tube voliage of a diagnostic X-ray generator,
Depth doses were given in terms of mrad/mA sec.
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Table 1. Bone marrow distribution for Japanese® and number of dosimetric points®

" Bone marrow weight (g) Number of dosimetric points
art
Adults Children* Adults Children**

Head 57.4 22.8 4

Skull (55.6) 2

Mandible (1.8) 2
Cervical vertebrae 22.3 8.9 4 2
Sternum 20.6 8.2 2 4
Thoracic vertebrae 101.0 40.4 12 8
Lumbar vertebrae 85.8 34.3 5 3
Sacral vertebrae 65.8 26.3 2 2
Chest 126.8 50.7

Ribs ( 104.5) 60 G0

Scapulae (16.7) 4

Clavicles ( 5.6) 2
Illiac bone 170.2 53.1 14 10
Femur 87.1 34.8 G 4
Arm 28.0 11.0 4 2
Foot 17.4 2
Hand 5.5 2
Total 765.0 328.4 119 103

*Bone marrow doses were calculated for each dosimetricpoint, using a depth dose curve experime-

nially determined.
#%3-7 years old.

TSR i A B CHESE L7z, Rando gt~
T v b ADEHO— 4 20cm X 35¢m X 20cnd Mix
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cm? s ¥ 0°1000cmE MG OEESEE & JIE L
o, WERSREO—F L LT, M1 cEERY 7
4 VAT COMHEL 1,000em? D4 DG
Efhi#a T, X1 ol 1 mA-sec 24 D
BTRLTHS.

S IME B R LT B, SEE
FFEHEEZOBER» Lo KRBT ORI LY
B EREL (excess dose) % FZ 5%, F§
F R TR Lic g, - oliiEoi

Table 2. Leukemia Significant Factor, Lj,

Age-group Male Female
0— 2 0.98 0.98
3— 17 0.99 1.00
8—14 0.99 1.00
15—19 0.99 0.99
20— 0.99 0.99
25—29 0.98 0.99
30—34 0.97 0.98
35—39 0.96 0.98
40—44 0.94 0.97
45—49 0.91 0.95
50—>54 0.85 0.91
55—59 0.78 0.87
60—64 0.70 0.80
65—69 | 0.58 0.70
| 70—74 | 0.4l 0.58
[ 75— | 0.28 0.40
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Table 3. Mean bone marrow dose, dj,, per examination (mrad)
Type of Radiography (per Radiograph) Fluoroscopy (per examination)
SERE e o 0—2 | 3—7 | 8—14 | 15— 0—2 | 3—7 | 8—14 | 15—
1. Head 4 6 9 12 36 54 82 110
2. Cervical 3 5 6 9 =5 — — 90
3. Shoulder 1 2 2 3 S5 a0 100 150
4. Thorax 6 8 14 20 o = 130 180
5, Chbest 4 5 6 7 150 190 240 280
6. Espphagus 20 25 30 34 o 410 490 560
7. Barium meal 13 16 20 23 320 380 480 560
8. Gall 12 15 19 22 == . 180 220
9. Abdomen 7 12 23 33 170 290 560 790
10. Intestine 18 28 44 62 460 630 1110 1560
11, Dosal 16 26 45 65 e = o 880
12. Lumbar 16 25 36 48 i o 430 570
13. Lumbo 18 27 40 54 - — -- 610 |
14. Pelvis 20 29 40 54 =5 — o 630
15. Urography 10 13 32 40 — - — 530
16. Cystography 16 21 30 | 38 = 270 380 480
17. Hystero — — e 48 e . . 610
18. Pelvimetry .
19. Obstetric - - o 70 o o B B
20. Hip joint 22 23 45 59 270 410 550 730
21. Femur 4 6 —_— i - -
22, Lower leg 0.4 0.3 0.2 0.1 - 7 5 3
23. Tomogram 12 24 30 35 = i S S
24, Mammography — — — 0.3 - D . _
25. Myelography | — = — 38 | - - - 640
26. Others — — — 34 - — | = 500

(Foot noteof Table 3.)

* 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), 8. Gall (Gall-bladder), 9. Abdomen (Abdomen), 10. Intestine
(Small Intestine, Colon or Barium enema), 11. Dorsal spine), 12. Lumbar (Lumbar spine), 13 Lumbo,
(Lumbosacral region), 14. Pelvi (Pelvis, Hip), 15. Urography (Urography (Descending/Intravenous pyel-
ography), 16. Cystography (Bladder, Urethra), 17. Hystero. (Hysterosalpingography), 18. Pelvimetry
(Pelvimetry), 19. Obstetric (Obstetrical abdomen), 20. Hip joint (Hip 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 4. Per Caput Mean Marrow Dose by sex and type of examination (mrad per person per year)

Radiography Fluorescopy
Type of examination® Total
Male Female | Subtotal Male Female | Subtotal
1. Head 0.47 0.30 0.77 0.01 i 0.01 0.78
2, Cervical 0.31 0.35 0.66 0.01 0.01 0.02 0.66
3. Shoulder 0.13 0.07 0.20 0.11 0.05 0.16 0.36
4. Thorax 0.12 0.08 0.20 0.15 0.01 0.16 0.36
5. Chest 1.31 1.17 2.48 1.89 1.68 3.57 6.05
6. Esophagus 0.37 0.24 0.61 0.68 0.37 1.05 1.66
7. Barium meal 10.05 7.16 17.21 30.53 23.75 54.28 71.49
8. Gall 0.33 0.40 0.73 0.68 0.72 | 1.40 2.13
9. Abdomen 1.10 0.76 1.86 1.16 1.41 | 2.57 4.43
10. Intestine 1.14 1.15 2.29 2.32 2.67 | 4.9 7.28
11. Dosal 0.23 0.33 0.56 0.20 0.04 | 0.24 0.80
12. Lumbar 2.85 1.82 4.67 0.28 | 0.18 | 0.46 5.13
13. Lumbo. 0.13 0.03 0.16 0.02 0.02 0.04 0.20
14, Pelvis 0.13 0.27 0.40 0.05 0.01 0.06 0.46
15, Urography 0.49 0.51 1.00 0.35 0.24 0.59 1.69
16. Cystography 0.19 0.04 0.23 0.14 | 0.09 23 0.46
17. Hysiero — | 0.07 0.07 — 0.08 0.08 0.15
18. Pelvimetry
19, Obstetric. = 0.19 0.19 = = = 0.19
20, Hip joint 0.57 0.47 1.04 0.06 0.03 0.09 1.13
21, Femur —_ —_— — — — — —_
22. Lower leg 0.01 - 0.01 - - - 0.01
23. Tomogram 1.18 0.48 1.66 = = i 1.66
24, Mammography —_ — — — — —_ —_
25. Myelography 0.01 0.02 0.03 0.01 0.01 0.02 0.05
26. Others — — —_ —_ — — —
Total 21.12 15.91 37.03 38.65 31.37 70.02 107.05

* see footnote of Table 3.

Table 5. Per Caput Mean Marrow Dose by sex and age-group (mrad per person per year)

Radiography Fluoroscopy
Age-group Total
Male Female Subtotal Male Female Subtotal

0— 2 0.14 0.18 0.32 0.07 0.03 0.10 0.42
3—17 0.15 0.08 0.23 0.07 0.04 0.11 0.34
8—14 0.23 0.21 0.44 0.14 0.16 0.30 0.74
15—19 0.69 0.41 1.10 0.88 0.34 1.22 2.32
20—24 1.05 0.93 1.98 1.64 | 1.56 3.20 5.18
25—29 1.7 0.99 2.70 2.97 2.08 | 5.05 7.75
30—34 1.72 1.24 2.96 2.94 2.94 5.88 8.84
35—39 2.74 1.51 4.25 5.93 3.24 9.17 13.42
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40—44 | 2.56 1.90 | 4.46 5.02 4.66 9.68 14.14
45—49 | 2.5 1.60 413 | 5.12 3.59 8.71 12.84
50—54 1.95 1.73 3.68 4.16 3.68 7.84 11.52
55—59 1.40 1.10 2.50 2.67 2.02 4.69 7.19
G0—64 1.42 1.27 2.69 2.55 2.44 4.99 7.68
65—69 1.24 1.28 2.52 1.85 2.09 94 6.46
70—74 1.13 0.69 1.82 1.91 1.43 3.34 5.16
75— 0.46 0.79 1.25 0.73 1.07 | 1.80 | 3.05

_ Total | 2112 1591 | 37.03 | 38.65 31.87 | 70.02 | 107.05
Table 6. Leukemia Significant Dose by sex and type of examination,
Radiography Fluoroscopy
Type of examination® Total
Male Female | Subtotal Male Female | Subtotal

1, Head 0.43 0.27 0.70 0.01 0.00 0.01 0.71
2. Cervical 0.28 0.33 0.61 0.01 0.01 0.02 0.63
3. Shoulder 0.12 0.06 0.18 0.10 0.04 0.14 0.32
4. Thorax 0.10 0.07 0.17 0.04 0.01 0.08 0.22
5. Chest 1.11 1.04 2.15 1.63 1.52 3.15 5.30
6. Esophagus 0.27 0.20 0.47 0.52 0.34 0.86 1.33
7. Barium meal 8.62 6.21 14.83 26.29 21.13 47.37 62,20
8. Gall 0.28 0.36 0.64 0.60 0.65 1.25 1.839

9. Agqdomen 0.93 0.59 1.52 1.07 1.29 2.36 3.5
10. Intestine 0.94 1.04 1.98 1.93 2.37 4.29 6.27
11. Dorsal 0.18 0.30 0.48 0.14 0.04 0.18 0.66
12, Lumbar 2.57 1.58 4.15 0.27 0.16 0.43 4.53
13. Lumbo. 0.08 0.03 0.11 0.02 0.02 0.04 0.39
14, Pelvis 0.10 0.25 0.35 0.04 0.01 0.05 0.40
15. Urography 0.43 0.46 0.89 0.30 0.21 0.51 1.40
16. Cystography 0.14 0.04 0.13 0.11 0.09 0.20 0.38
17. Hystero — 0.07 0.07 i 0.08 0.08 0.15

18. Pelvimetry ’
10, Obstetric — 0.20 0.20 S S = 0.20
20. Hip joint T 0.51 0.42 0.93 0.06 0.03 0.09 1.02
21, Femur 0.00 0.00 0.00 0.00 0.00 0.00 0.00

22. Lower leg 0.01 0.01 0.02 = — [ = 0.02

23, Tomogram 0.95 0.43 1.38 i . . 1.38
24, Mammography — 0.00 0.00 — o i 0.00
25. Myelography 0.01 0.02 0.03 0.01 0.00 0.01 0.04
26. Others 0.02 0.05 0.07 = = i 0.07
Total 18.08 14.03 32.11 33.15 23.00 61.15 93.26

* see footnote of Table 3.
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Tzable 7. Leukemia Significant Dose by sex and age-gronp (mrad per person per year)

Radiography Fluoroscopy ]

Age-group Total
Male Female Subtotal Male Female Subtotal

0— 2 0.14 0.17 0.31 0.07 0.03 0.10 0.41
3—7 0.15 0.08 0.23 0.07 0.04 0.11 0.35
8—14 0.23 0.21 0.44 0.14 0.16 0.30 0.74
15—19 | 0.69 0.43 1.12 0.38 0.36 1.24 2.36
20—24 1.05 0.92 1.97 1.57 1.54 3.11 5.09
25—29 1.67 1.01 2.68 2.91 2.08 4.99 7.67
30—34 1.67 1.22 2.89 2.94 2.88 5.82 8.71
_35—39 | 2.63 1.49 4.12 5.69 | 3.18 8.87 12.99
40—44 2.41 1.77 4.18 4.73 4.52 9.25 13.43
45—49 | 2.34 1.53 3.87 4.47 3.41 7.88 11.75
H0—>54 \ L.72 1.85 3.29 3.74 3.32 7.06 10.35
55—59 1.12 0.96 2.08 2.14 1.74 3.88 5.96
60—64 0.99 1.02 2.01 1.89 1.95 3.84 5.85
65—69 0.68 0.90 1.58 1.02 1.45 2.47 4.05
T0—74 0.46 0.41 0.87 0.81 0.86 1.67 2.54
To— 0.14 0.36 0.50 0.06 0.48 0.54 1.04
18.08 14.03 32.11 33.15 28.00 61.15 93.26

Table 8. per caput mean marrow dose and leukemia significant dose for 1969 and 1974

(mrad per person per year)

per caput mean marrow dose Leukemia significant pose
Type of examination
1969 1974 1969 1974
Radiography 36.6 37.0 32.7 821
Fluoroscopy 126.1 70.0 112.0 61.2
| Total 162.7 107.0 144.7 93.3
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