|

) <

The University of Osaka
Institutional Knowledge Archive

Title BEEFICL 2 BREREDIEE

Author(s) |#&35, H; InEk, ZHEiE; FL, EF fib

Citation | HAREZMRIIRFSMEE. 1965, 25(8), p. 991-997

Version Type|VoR

URL https://hdl. handle.net/11094/20008

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



FEFN404£11 4258 991

MR X 5 Bt E OHE

PO REERAPEFR HEg IHE:
& 3% WE, Bk =|HEE, ul BE, AR BE
M ASERR VY by v
B K B OME, L b B

(lEFn40sE 7 AITHZEM)

Estirnaton of Bone Marrow dose from Photofluorography in Japan
By

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

Roentgen Center, Shinshiu University Hospital.

As a part of the program to estimate the national radiation dose of the Japanese people, an estimation
was made on the bone marrow absorbed dose from photofluorography per year per person in Japan.
To determine the bone marrow dose for each photofluorography 30-40 pieces of 838> 4.5 mm glass or
LiF crystals were placed in adult and children phantoms at sites corresponding to the bone marrow.

The results of approximately 40,000,000 exposures comprising of statistical material obtained from
Welfare Ministry, Education Ministry, Science and Technics Agency were used.

The leukemia significant dose was calculated from data obtained from ABCC and Health and Welfare
Statistics Division, Welfare Ministry.

From these data, it was found that the yearly contribution of photofluorography to leukemia signi-
ficant dose in Japan per person is equivalent to 7.64 m rad for females and 7.83 for males, for a total of
15.15 m rad.

These values are approximately 3.4 times greater than the contribution made by radiography as esti-

mated earlier.
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Table 1. Active frone marrow distribution of the adult and infant in Japan Infant

Adult (15>) Intant (3~~T F)
No. " N | No.
Parts BMW (g)| or BM‘)N Dose |Int Dose B‘?II)W *‘ of B?I;M Dose | Int. Dose
glass (g g glass g
Head 57.1 1 | 28.7 0 0 B0 | 1 1.5 |
Skull ( 55.62) :
Mandible (1.82) 2 28.8 0 0 2 11550
Cervical .
Vertebrae 22.3 3 | 223 | 412 | 91.9 8.9 3 89 | 62 | 55.2
Sternum 20.6 4 | 20.6 | 16.5 |339.9 8.3 4 8.3 | 14.0 116.2
’ 101.0 5 | 34 115.5 [3627.0 | 46.5 5 | 13.5 | 52.3 | 1706.0
ki 6 | 34 [123.8 |4209.2 6 | 135 | 60.2 @ 947.7
7 1 33 115.5 |3927.0 7 | 13.5 | 55.3  749.3 |
Lumbal 85.8 8 | 286 |115.5 (3300.4 | 34.2 8 | 17.1 | 40.0 684.0
Vartabrae 9 | 28.6 | 57.7 |1659.2 9 | 17.1 | 38.0 649.8
€ 10 | 28.6 4.1 |117.8
Sacral 65.8 | 11 | 32.9 0 0 2.3 | 10 | 26.3 1.0 | 26.3
Vertebrae 12 32.9 0 0 . |
Lung 126.8 | 13 | 16.7 | 132.0 [2204.4 i1 7 | 67.3 471.1
(Ribs) (104.5) | 14 | 17.4 |140.3 [2441.2 12 7 68.0 476.0
(Scapulae) (16.79 | 15 | 17.4 |123.8 [2154.2 13 6 65.3 391.8
(Clavicles) (5.6)| 16 | 17.4 | 148.5 [2583.9 14 6 65.0 390.0
17 5.6 | 33.8 |184.8 15 3 21.0 63.0
18 | 17.4 | 24.0 |431.5 16 7 22.0 154.0
19 | 17.4 | 33.0 |574.2 17 6 18.0 126.0
| 20 | 17.4 | 24.8 |481.5 18 6 19.0 133.0
Tlioc Bene 170.2 | 21 | 42.6 8.2 |351.0 | 68.0 | 19 | 17 3.0 | 51.0
l 22 | 42.6 | 0 0 20 | 17 2.5 | 42.5
| 23 | 42.5 2.1 | 89.3 21 | 17 3.1 52.7
| 24 | 425 0 0 92 | 17 | 2.3 | 39.1 |
Fornur ‘ 7.1 gg g:g g {0) 1.7 | 23 | 34.8 0 0
Arm T mo | Z | By S |5 24 | 1.7 | 12 140.4
Leg |0 |29 | o0 0 0 | 27.0 | 25 | 279 | 0 0
Hand o 30 | 120 | 0 0 9.3 | 26 | 93 | 9 83.7
# Bone marrav weight of each Glass
Table 2. Bone marrow dose of each age group
Age ng‘;‘ | oMW ® J.BM. Dose (grad) | DhaDose
Adult (15) 50 7417 29.4 38. 44
Mid. Schocl Students aE
(1214) 659.4 23.7 35. 94
Childlen (8 ~14) 36 554.2 | 18.0 32. 49
Pr. School Chilren ' 0
(611 448.9 12.3 27. 40
Intant (3 ~1T) I 20 343.6 6.5 18.92
Kinder garten pupils o I
| (&5 257.1 4.8 18.63
| Babies (0~2) 10 171.8 | — | —

Lk BT % &g, T, SR BEER AN (6 ~11F), Az (12~143), JRA (15

EFNFENS5.4S KU 171.8€ L 715, FD ) & ¥ B ORERTH BT LE 4 RTD
R BEIRE DA DR IT (4 ~5%), FhanhiiEs & vgEeEE4Fon iR
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Table 3. Population, accepted cases of photofluorography and the number of students in 1963,
Male -i Female

Age Popu]ation[ Student E’::zm ‘I I]_;J}:;tgf Populal:ion‘ Student ‘ gi:m‘ g}ﬁ;zgf_h
ool | Toms2 | sz | 0% | 409 | sonr | s0n7 | g0 151.5
Sschool | 3126 | 342.6 | 90 306.3 | 330.3 | 330.3 | 90 297.3
15~17 319.0 | 207.1 90 186.4 ‘ 308.7 | 182.5 90 164.3
18~21 371.4 70.8 90 56.6 ‘ 362.5 | 208 | 80 16.6

Table 4 The numberv of laboursand acce-
ptedcases of photofluorography.

B i
e “No. of No. of No. of No. of
Labours Photo. Labours | Photo
(52.29%)
~17] 3205 16.99 37.5 19. 61
18~19  62.0 32.41 65.0 33.98
20~24]  150.0 78.42 110.0 57.50
25~29  145.0 75. 80 38.0 19.86
30~34 125.0 65.35 25.0 13.07
35~39  100.0 52.28 24.0 12.54
40~49  125.0 65.35 37.5 19.60
50> | 85.0 | 4444 | 18.0 9.41
Total | 824.5 | 431.04 | 355.0 | 185.57
TR 659.48, /ANEA 448.9¢, EIR 257.7
gE L7

RICEHERHSHE Y FAROZ I N LB 22T
B, 1524223, 7g rad. AN#4:12.5¢ rad. [
B 5.0g rad & L7z, L7zt oCBBE 6
B ENTNTOESWSOEHE T Y, 52
RBIIH DAL, FeA 38.44m rad iR 35.94

m rad /E24 27.40m rad EEIFNE 18.63m rad
& L7,

) BEEFBOTPHEHKOEE

(1) 224, AR AT E 4K

NEERVRRED NS HEAADBE 7+ 04e
FRONKETEA LR L LB IO TBEL D
GEARED h bRy 7.

ZOEGFOLANEIR2FDEL FD 3 3
LR (BE3R3FITH) & Lrm.

BERRAE & KB4 & D NI 3B4EE D 2o 45 HB
BErro3I iR L. (B3:£3 FI730). 24
» EROEREBIEBERDO(E 8 A L,
HEIESFKU 9F|D ¢ Ly,

(i) HEER L FRESOEE

B0 35 B E BB AT T DTS 0iEZ
KITRECBBAELE, 1179.55 5 A & L7,

TOESTMHIELR, 25K 4 o L
Tz, WREROIEE A R OEE A b, 374, 5
62N & 2% DT ZMITSTEEBE D ZHE I L
EDIEHT T 616.6F5A L L7,

Table 5 Population of Generat Public

Male Female
- Total General | Total I .| General
Age PoFulati 01’1‘ Student ! Labour Public |Population Student .' Labou Public

15>19 ] ' IR |

20524 72&_7 70.8 222.0 432.9 662.0 20.8 ;’ 175 466.2
25~29 409.0 0 145 264.0 | 418.1 0 | 38 380.1
30~34 344.7 0 125 275.4 | 398.7 0 25 w73.1
35~39 417.9 0 100 244.7 | 351.7 0 24 333.7
40~49 676.7 0 125 292.9 | 567.8 0 { 37.5 530.3
o | o s | mea | BIT 0 | 0 | e
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Table 6 Accepted cases of photofluorography for general public
| Male Female
Age ! Population Exam. rate | No. of Photo | Population . Exam. rate | No. of Photo.
15~24 432.9 [ 0.5 ] 216.4 | 466.2 0.5 233.0 '
25~29 264.0 | 0.5 132.0 380.1 0.5 170.0
30~34 275.4 | 0.5 |  128.8 373.1 | 0.45 168.0
35~39 244.7 | 0.4 | 97.8 333.7 | 0.4 133.5
40~49 292.9 | 0.35 |  102.4 530.3 | 0.35 185.5
50< 712.2 ! 0.1 | 71.2 875.4 I 0.1 87.5
TR B BB BRROZL e LRE %

LT, #HsRE: LT 616.6/1179.5= 0.525 #H
L, ZOfEZESIEESCET TEATIZR
¥, BEMTHEA4EITIRU 57 0 { % L
70

(iil) —fg A ZHE DHERE

NAFEEZC L b, 3BEEOFESH, HIIAD
Bk, Tohp b3 TIsHEE LEERUY
EEHKETIEHES £O5FIRU IFIOME—FEA
[ D44, HEIANASAEE ki,
WCHEAEROEE» Lb&THEL D, &
VIsfedd 7z N B DR ER IS A6 & i L7
3) HILHHHEROMEE

TR O BiE A TR b5 -
ERERI LTS, B, KRB TBF380k
1) 3000m LLA O gk o 2 s A v SRR AR 2
B 0BEEICI LB IO aghiit oo (%

1.0
Sl b
"-._“‘ “‘--...______________H
140.5
|-
[
0 . : . [/}
0 5 10 15 20
Years

Fig 1. Significant incidence of leukemia

A —[H] D JEHRAEE O 72 D RIS 72 B ATEE
HEDKE WEAH (§92042) IALOFKTHET L 4
WERE L ROEMBRERY 1 &L, Zhic
e U TRESTE DWFRDIET &3 A THIMHE D
Fe R 7 KAESTE O HILFE B3R & T g,
EILRA R ROM (KDL NB.

IO Y 752 (a) 133000m BLADHE
REOHMFEERTH3. (ABCCHE)

INbDARDERFEDIEER (b) Ta &
Off o' HAREMED 2’ dhiie Xl & @i he
mfiE S& T 5.

Table 7 Significant incidence of leukemia

k Lx
m f
0 0.98 0.99
____1_ 0.99 0.99
10 0.99 0.99
20 0.98 0.99
30 0.97 0. 98
40 0.94 0. 96
50 0.86 0.91 |
60 0.68 0.78 |

I BESTE O LR (c) Lari#Tab
S7- R 2 FED, o LXEhE CRIEEE
s LY NEHEIMBEERSS THEILN 5.

4) AR B R AT R

2) TlfE U7, AN BERU—BAD
TREE T FERINCAHTELEEE -1, 3 —2%K
DE3FNE (Nx) Dl 25,

2 NIZER 2 RO BRSSO B R &
7 0REe—1, 2FEO5HEITNSD.
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Table 8-2 Bone marrow dose of each age group (Female)

FZRJE AR o SRS

H25m W8 E

No. N d Nk x d | D | sd Ng % rd &L
Age \ (x10%) l (x TU’) g-rgdf X fﬂ’ g-r!:;:l Lx | X 1013( g-r;ad! m.Kra.d 154 £ raé.{
=5 30 30| 4.8 142 | 0.99 143 | 18.63 558 552
65—11 | 4,515 | 4,515| 12.3 | 55,534 | 0.99 | 54,995 | 27.40 | 123,711 | 122,474
12—1a | 2,073 | 2,973 | 23.7 | 70,460 | 0.99 | 69.755 | 35.94 | 106,849 | 105,781
17 | LSS | 1,83 20.4 | 54,802 | 0.99 | 54,28 | 38.44 | 70,601 | 69,984
\ ) |
[ 166 | 1
18- | 915 | 3411 29.4 | 100,283 | 0.98 | 98,277 » 131,119 | 128,4
2,330 |
2529 | 1809 1 209 | ~ | 61,711 | 0.98 | 60,477 . 80,686 | 9779,0
3034 | 3 | 18| » | 53,28 | 098 i 52,178 " 69,615 | 7268,2
3539 | (3% | 1460| ~ | 40,924 | 096 | 41,207 | o+ | 56122 | 2358,8
0-35 | qge | 2051| + | 60,209 | 0.93 | 6,07 | ~ | 78,840 | 77733
50< oL gsg| 4 | 28488 | 070 | 19,92 | 37,248 12126,074
Swt Tatal Child 126,138 — 124,896 - 231,118 228,8(&_
Adalt 401,750 | — | 382,412 — [580,936 | 499,048
Tatal 527,888 | —- | 507,308 — | 812,054 | 727,85
Table 8-1. Bone marrow dose of each age group (Male)
e | No N, | dx | NgxXdg Dr | sdk | Ngxsdk | Dy
ge (x10%) | (x10%)| g-rad |x10°g-rad] ~* |x10°g-rad] m-rad | rad rad
<3 32 32 18 | 154 0.99 | 152 18.92 | 605 579
6~11 | 4,700 | 4,709 | 12.3 | 57,921 | 0.99 | 57,842 | 29.40 | 129,027 | 127,737
1214 | 3,083 | 3,083 | 23.7 | 73,067 | 0.99 | 92,33 | 35.94 | 108,030 | 106,950
15~17 | 1884 | 5034] 29.4 | 59,800 | 0.99 | 59,200 | 38.44 | 78,187 | 77,405
18~24 | 388 | 3,830 | 20.4 | 112,887 | 0.98 | 110,580 | 38.44 | 147,533 | 146,058
2,164 '
| 25~29 758 | 2,070 | 29.4 | 61,003 | 0.97 | 59,260 | 38.44 | 79,878 | 77,482
1,320
B |
30~34 | (24| 1,992| 20.4 | 58,565 | 0.95 | 56,808 | 88.44 | 76,572 | 74,275
35~39 523 1 1,501 | 20.4 | 44,129 | 0.90 | 41,928 | 38.44 | 64,502 54,813
| L} i -
a0~49 | 5o ! 1,678 | 29.4 | 49,333 | 0.90 | 44,400 | 38.44 | 64,502 | 58,052
50> = 1,156 | 29.4 | 33,986 | 0.50 | 16,993 | 3844 | M43 | 22,218
Sub Total Child 131,142 | — | 129,830 = 237,662 | 237,662
Adult 419,743 | — | 389,164 — [548,807 | 548,807
Total 550,885 | — 518,994 | — 786,469 | 786,469 |

FICZACHIDRAER ¢ # Iz b 0N 38 —
1, 28D TH 1050275,

“hb DR ERA, FHCSY TRIIRT L
BIOFRDM D, IRDELAEADLEAR TS
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Table 9 Bone marrow dose for population in large in Japan
Male Female
Ckild ‘ Adult Sum Chlid Adult Sum | Total Sum
TBMD ‘ -
(kgorad) 131,142 i 419,743 550,885 126,138 | 401,750 | 527,888 ‘ 1,078,773
(23f§’ 237,662 ! 548,807 786,469 | 231,118 | 524,322 | 755,440 ~1,541,909
SIBMD . . [ :
(hgrad) 129,830 ! 389,164 518,994 124,806 | 382,412 | 507,308 ‘ 1,026,302
B |
oD | 285,28 | 510,303 754,580 | 228,807 | 499,048 | 785,104 | 1,474,440
Table 10 Average bone marrow dosefor Japanese people
Mail l Femail
Child Adult Sum Child |  Adult Sum ‘TmalSum
IBMD ' -
edjman year | 10T 4,410 5,788 1,305 4,221 5,507 | 11,33
BMD , 7.9
m vad/man year| 24497 5,767 8,264 2,428 5,509 ,938 ‘ 16,202
STBMD | .
(erndman year | 1:364 4,089 5,453 18312 | 4,018 5,330 ! 10,784
SBMD | ~ : ‘
moatman year | 2472 5,362 7,834 2,404 | 5,244 7,648 15,482

m rad k71 0 EEEE O 4.5m rad 12 £33, 44
Bz s, IEREOEEDI30% L35,

2) BZDBIFAA LD SN\ T EETEHEE
DEELIFEICES.

3) FHoHFET B HAE MK EEES M
Tl1324.8% Td % BEMFA EIME T&31.5%1C
5.
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