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Estimation of Bone Marrow Dose due to Fluoroscopic Radiation in Japan

by

Tadashi Hashizume, Yoshio Kato, Takashi Maruyama, Akihiro Shiragai
Physics Division, National Institute of Radiological Sciences
and
Shigeo Suzuki, Shizuo Maruyama

Roentgen Ceter, Shinshu University Hospital.

As a part of the program to estimate the population dose in Japan, an estimation was made on the

bone marrow absorbed dose from fluoroscopic diagnosis per year per person. To determine the hone

marrow dose for each fluoroscopy, 24—29 pieces of 83 8x 4.5 mm glass or LiF¥ crystals were placed in

adult and children phantoms at sites corresponding to the bone marrow.

A number of 4.8 10° exposures cases in 1960 for Japanese people was approached by the refering

the results made by the Education Ministry’s Research Group. While the exposure cases in 1963 was:

estimated from the knowledges of the total number of film production and its comsumption rate.

From these data, it was found that the yearly contribution of fluoroscopy to leukernia significant dose:

per person lin Japan was equivalent to 37.7 mrad for females and 52.7 mrad for males, for a total of 90.4

mrad. These values are approximately 20 times greater than the contribution made by radiography

as estimated earlier.
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Table 2 Absorbed dose of each detector for infant (10sec) m-rad.

- No of :
Site docenr| BMW | 1| 2 | 3 [ 4| 5| 8|18 | 20
Skull & Mandibula 1 11.5 210 |
2 | 11.5 | 218 ;
Cervical Vertebrae 3 8.9 60
Chest 4 13.6 5 60 45| 170 | I
(Ribs, Scapulae, 5 7.0 | 8| 100 205| 5|
Clavicles) 6 7.0 2 85 30| 20|
7 9.2 2| 205 15| 30 [
8 7.0 40 35 50 1
9 7.0 5 30 20 !
Sternum 10 8.2 3 25 3 2
Dorsal Vertebrae 11 13.5 10| 180 75 5
12 13.6 2 190 50 40 10
13 13.5 42 10 | 210 23
Lumbar Vertebrae 14 17.1 4 5| 200 75
15 17.1 2 45 105
Sacral Vertebrae 16 26.3 90
Pelvis 17 17.0 | 40 142 o
18 17.0 15| 118 32
19 17.0 5 49 | 106
20 17.0 2 41 180
Femur 21 34.8 41 95
Arm 22 11.7 3 3 1
Lower leg 23 27.9 5
Hand 24 9.3 2 3 4
Total weight 343.6
Table 3. Field Size (at. FFD 40cm)
i . ) Adult Infant
Site of Radiography (cm) (cm)
1. Skull, Cervical Spine, Maxilla, Mandibula 14 %17 10%11
2. Shoulder, Arm, Hand 16 %16 1212
3. Thorax (Ribs, Sternum, Clavicle) 10%16 8x11
4, Chest (Lung, Heart, Apex, Bronchus) 12X 16 1013
5. Esophagus, Stomach, Duodenum 14X 16 8x10
6. Gall-bladder 1416 -
7. Abdomen 1416 —
8. Small Intestine. Colon (Barium enema) 17 X17 12%12
9. Dorsal Spine 10x16 -
10, Lumbar Spne 10x16 —_
11, Lumbosacral Region 10X 16 -
12, Pelvis, Hip 17 %17 —
13, Urography .(Descending/Intravenous Pyelogr- 1416 s
aphy
14, Bladder, Urethra 13%13 =
15, Pelvimetry i
16. Hysterosalpingography 13x14 -
17. Obstetrical Abdomen 1717 —
18. Hip Joint, Head and Upper Part of Femur 1414 1010
19, Lower ?/; of Femur 1016 —_
20, Lower leg and Foot 1016 7X10
21. Dental — —
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Table 4 Integral dose of each part for adult (10sec) g-rad,
e 2 3 4 5 6 7 8 9 10
Skull & Mandibula] 18.4
Cervical Vertebrae 1.7
Chest 0.27 9.88 10.7 | 16.17 3.68 3.98 8.66
Sternum 0.10 0.72 0.08 0.25 0.12 7.00 | 0.10
Dorsal Vertebrae 0.27 1.21 | 20.09| 10.18| 11.54 | 16.18 3.52 1. 64 3.70 0. 60
Lunbar Vertebrae 0.14 0.51 | 11.04 8.03 | 19.73 | 10.05 0.63 | 3.20 |
Sacral Vertebrae | 3.28 6. 40 0.53
Pelvis 3.70 1.28 0.17 | 20.12 0.9
Femur |
Aarm 0.33
Lower leg
Total 20.72 | 11.19 | 31.02 | 35.19| 30.04 | 29.72 | 32.70 | 88.33 | 19.99 5.38
11 12 13 14 15 6 | 17 | 18 19 20
|
!
9.39
[ 0.08
0.07 " 3.89 0.3¢| 3.76
! 1.83 | 0.88 | 5.05| 10.97 10.87 | 24.24 | | -
2.23 | 0.95 | 18.69 | 18.63 | 17.81 |
1.58 3.96 | 19.28 | 15.76 | 22.29 | 18.06 1.91
0.22 | 0.52 13.07 | 17.53 | 12.55
i | |
i i | '
571 | 6.01 | 18.41 | 49.46 45.60 | 68.45 | 31.15 | 19.44 | 12.55 |
Table 5 Integral dose ol each part for infant Table 6 Average Absorbed Dose of a Fluoroscopy.
(10sec) g-rad. m-rad.
[>~—"_"Pary e ' Z age
Sie ~| 1[2|3]4]5] 8 [18/20 Adult | Chield | Infant | Baby.
Skull & 4,86 I site .~ | |
gandlbral i o 1 1323 1125 716 415
ervical | 2 660 | 590 | 431 | 3802
0.53 |
Ueriebral = 51} | - 3 1820 | 1597 | 1094 | 6% _
Chest  [0.09:3.102.514.72(0. 78 1 369 | 305 | 160 | 145
— ————]—]— 5 1763 | 1602 | 1243 | 685
Sternum 0.020. 21/ 0.02 0.02 6 1744 1585 | 1228 998
Do ——] — 7 | 1919 | 1743 | 1350 | 1020
e O i e M 9 it 1015|704 410
Lumbar n noo 1als 1ol 4 | T
Uetalial 0-070.124.19, 3.07 10 311 | 278 | 189 | 114
Sacral 1.54 11 335 — — -—
Uertebral _— . 12 353 310 218 140
: - 13 1081 — — =
Peluis 1.06/ 5.955.49 14 2003 o — =
Femur 1.433.31 16 2675 — - =
! 7| 4006 | — = =
Arm 0.04/0.04] 0.01 18 1828 1542 905 585
Cowe T i i 19 1141|1034 | 698 | 440
s — o2 oo T 20 | 776 | 648 | 451 | 304
Total  [5.483.298. 38|6.86;9,53 13.845.923.45
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Table 9. Bone Marrow dose (1963) rad.
. Sex
™~ Male Female Total
Part
1 5.1 ! 0.4 5.5
2 23.7 19.3 43.0
3 13.5 4.0 17.5
4 57.7 91.6 149.3
5 5,121.7 | 3,088.6 | 8,210.3
6 148.5 147.4 295.9
7 17.5 5.6 23.1
8 207.8 321.1 529.9
9 3.2 0.7 3.9
10 1.5 0.1 1.6
11 0.9 0.2 1.1
12 0.4 0.6 1.0
13 1.4 2.T 4.1
14 0.7 — 0.7
16 — 5.9 5.9
17 o 1.4 1.4
18 5.4 5.4 10.8
19 6.9 0.3 7.2
20 15.0 9.9 24.9
22 4.3 3.2 7.5
Total 5,635.2 | 4,011.3 | 9,646.5
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Table 10. Survival ratio for 20 years

Lik
age
Male Female

=19 0.9 | 0.9
~24 0.99 0.99
~29 0.98 0.99
~34 0.97 0.98
~39 0. 96 0.97
~49 | 0.91 0.94
~59 | 0.78 0.86
~69 0.50 0.64
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Table 14. Percentage of Significant Leukemia dose (1963)

Sex

loo~25 ~2 [~ 7] ~14 [ ~19 [ ~24 [ ~29

~34 \ ~39 | ~49 i ~59

~69 | 70> |'

Male D.II 0.3 o.sl 3.1 6.4

8.6 9.3 7.0 10.8! 8.3| 3.2| 0.7]s8.4

‘ Female D,IJ 0.1 0.5‘ 2.4 4.7

4.8] 6.2 4.3 8.8’ 3.5

6.2 41.6 ‘

Table 15. Significant Leukemia dose per each one vear. x10° rad.

S

s~ ~2 [ ~7 [u[~n] -] -w] -

~@‘~m|~wlm>:

Male i 13| 44| 7.9 ‘64.7 111.5i143.1

160.1 1201 93.0 | 719 275 | 115

Female [ 3.1 1.1 6.4 IJ 40.6 81.5J 81.8

106.5‘ 7’4.4! 76.3 30.4‘ 26.6
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