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Estimation of Population Doses from Chest Mass Screeing, 1975

T. Hashizuma and T. Maruyama
Division of Physics, National Institute of Radiological Sciences, 9-1,
Anagawa 4-chome, Chiba 280 Japan

Research Code No.: 302
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The population doses in mass photofluorography of the chest were estimated on the basis of nation-
wide radiological survey. A total frequency of photofluorographic examinations for the chest mass
survey was 18.8 million for males and 15.0 million for females, with a total of 3.3 million. Mass surveys
of the chest during the school age are carried out only at the time of admission into the primary school
(5 or 6 years old) and at the second class of the junior high school (13 or 14 years old).

The gonad doses were determined with an ionization chamber placed at the position of gonad in
tissue-equivalent phantoms. The active bone marrow was subdivided into 72 elements. The dose
contribution to the marrow arising from the particular exposure conditions was calculated at each site
within the elements, using the depth-dose curves experimentally determined and the proportion of the
total active bone marrow present at that site,

The resultant genetically significant dose for males and females was 0.07 and 0.025 mrad per person
per year, respectively, with a total of 0.032 mrad per person per year. The per Caput mean marrow dose
for male and female was 5.5 and 4.2 mrad per year, respectively, with a total of 9.7 mrad per year. The
leukemia significant dose was calculated from the per Caput mean marrow dose by adopting weighting
factor, that is leukemia significant factor. The resultant leukemia significant factor for male and female

was 5.2 and 4.1 mrad per person per year, respectively.
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I
Exposure Conditions for Chest Photoflucrographic Examinations [k< j-‘ ;_,Q:Y
Imaging
1. Type of ¥-ray generator O Transformer [Jcondenser sysitem
2. Imaging system [0 1ens camera CmMirror camara .
Object
[] Image int.m'ssifierDChher
3. Exposure condition (standard)
Tuba ‘Pube Photo- Focus-screen Focus-top Size of open (c) Gonad Lysholm
or distance of eollimator field at top protector grid
voltage (kv) cucrent (mhs) timer (a) (cm) distance (b) (om) of collimator(am x an) Used,Not used Used,Not used
aaceate 117 [IT7 0o O 1 OO - M1 O ,00 |13
e [T [T O O | =00 O.00 .0
Junior
High I R O COo | oo =00 >I.00 .0
S o o co [ m M o.,oa,d

*Second grade. ** The time of admission.

Fig. 1 Form of questionaire
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Table 1. Frequency of photofluoiographic examinations by age and sex for children
(under 15 years old) (x10%)
5—11 12—15
Age (yr) (primary school) (junior high school)
School Grade 1st 4ith ond '3rd
Subtotal 1,192 85 1,165 75
Male 655 634
Femal 622 606
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Table 2. Frequency of photofluorographic examinaticns by age and sex for
senior high school and university students (X 10%)

wegn | S e iy

Male 2,169 1,334

Female 2,130 369

Total 4,299 1,703

Table 3. Number of workers (x10%)
Age(yr) | —I17 |18 +19|20—24|25—29|30—34 | 35—39 | 40—44 | 45—49 | 50--54 [ 55—59 | 60— | Total
Male 85 389 | 1,907 | 2,837 | 2,407 | 2,042 | 1,766 | 1,470 | 999 549 493 | 14,944
Female 109 355 | 1,873 911 523 583 691 618 | 453 248 169 6,538
Toble 4. Frequency of photofluorographic examinations by age and sex for workers (x10%)

Age(yr) | —I18 |19—22|23—24 |25—29|30—34 | 35—39 | 40—44 | 45—49 | 50—54 | 55—59 | 60— | Total
Male 115 718 440 | 1,568 | 1,336 | 1,136 | 999 852 580 318 274 8,336
Female 166 605 337 407 137 263 | 311 279 216 111 5 2,907
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Table 5. Number of civilians (x10%)

Age (yr) | —22 |[23+24 | 25—29 | 30—34 | 35—39

40—44 | 45—49 | 50—54 | 55—-59 | 60— Total

Male 846 | 1,780 | 2,656 | 2,220 | 2,170

2,389 | 2,188 | 1,636 | 1,512 | 5,266 | 22,633

Female 1,696

1,059 | 4.466 | 4,113 | 3,621

3,394 | 3,078 | 2,719 | 2,341 | 7,290 | 33,777

Table 6. Frequency of photofluorographic examinations by age and sex for civilians (x10%)

Age (yr) | —22 | 2324 | 256—29 | 30—34 | 35—39 | 40—44 | 45—49 | 50—54 | 55--59 | 60— Total
Male 273 575 858 717 701 762 707 528 151 263 5,535

Female 548 342 1,442 | 1,328

1,169

1,096 994 878 234 365

8,396

Table 7. Frequency of photofluorographic examinations by age and sex for whole population (19%)

Age (yr) | —10 [11—15]16—18 | 19—24 | 25—29 | 30—34

35—39 | 40—44 | 45—49 | 50—54 [556—59| 60— | Total

Male 655 | 634 | 2,278 | 3,340 | 2,426 | 2,053

1,830 | 1,762 | 1,559 | 1,109 | 469 | 537 | 18,480

‘ Female | 622 | 606 | 2,296 | 2,201 | 1,849 | 1,565

1,432 | 1,407 [ 1,273 | 1,094 | 345 | 438 | 15,128
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Table 8. Exposure at skin on the chest per photofluorographic examination

Adult Pupils
Male Female 14 years old | 7 years old )
Exposure (mR) 198 175 135 5 )
Standard deviation 33 42 28 15 i
Table 9. Gonad dose (i rad) per photofluorographic examination,
Pupil
Adult 1 reas ol - 7 years old -
NP P NP . P ) NP P NP P
Testes 58 37 49 32 30 15 353 29
Ovary 206 110 195 98 60 26 12,500 89

NP:
5F;

Without any gonad protector,
Small field size (38.4x%20.3cm),

LF:
HoTe.
5. # B
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DHEFENRD (7B 2 cmgX dem D A4 |} BES
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P: With gonad protector,
Large field size (38.4x38.4cm)

FHBEPCET20MEHEE S BT . K EOR
T 5 EHE () 220, EEHAEC X>CH
GE LTcqfE TXit e RS Lick & MixDp s
WEFHRIR &, T TR bR T 5 AMELBEHE
B DEOMED 2D £ 80 HE (d) 2R,
WRIC Lo TR R R 2 R .

w
‘f_' maidl

e FREEE R OWCCIL RTEIREE®, 5 - B
OBFHRIEALOGEORIE LA 0k Lic,
dum OfEEFINCTT.

(4) MEEHTEIRE (GSD)

GSD (Do) 110624E0D> [JRTFHisHER o %hE iz
T HEHRFEERS] (UNSCEAR)® 7 i
ShTeHY%REBVTHETE L,

o ? %: (N W P d 3. F Ny GOW MOy (M)

%} (Nk(FIJWk(FJI +Nk(‘M)Vvk(M))

-+ (2)

Do : 4l {EAT Ei R
Nix 1 j % 4 7o BEEST T kEEEO A
Ni: k fEfsBo A O,



IR 5247 6 B25H 595—(65)
Table 10. Active bone marrow distribution for the Japenese and number of
dosimetric points
i Parts Bone marrow weight (g) ] Number of detector points
| Skull 55.6 2
i Mandible 1.8 1
| Cervical vertebrae 22.3 4
Sternum 20.6 2
Thoradid vertebrae 101.0 12
Lumbal vertebrae 85.8 5
Sacral vertebrae 65.8 5
Ribs 104.5 30
Scapulae 16.7 1
Clavicles 5.6 1
Iliac bone 170.2 7
Femur 87.0 1
Arm 28.0 1
765.0 72
Table 11. Mean bone marrow dose (mrad)
Adults Pupils
] ‘ 7 years old
Male Female 14 years old SF iF
NP P NP P NP P NP P NP P
34 32 35 29 2 23 18 14 28 i 17
For P, NP, SF and LF see footnote to Table 9
Table 12, Coefficient of utilization of gonad protector
Adults Pupils
14 years old SF 1 yeam old T
NP P .
NP P NP P NP P
0.51 0.69 0.15 | 0.85 0.08 0.1 0.07 0.75

or P, NP, SF and LF see footnote to Table 9
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s Flmplo FEo hREREREY R, flx
E, BEABTTIR0.31X58+0.69%¢37=43,5¢rad
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Table 13. Mean gonad dose (/)

Pupils
Adults
14 years old 7 years old
Male 43.5 34.6 50.4
Female 134.0 112.6 949.0

Table 14 Child expectancy and future number of children in the population by age-group

Age-group Population Child expectancy Future number of
(years old) N;. " ik children Ny x W',
00— 14 13,546 % 10° 2.209 29,923 x 10%
15 — 19 4,150 2.209 9,167 )
20 — 24 5,13 2.176 11,174 i
25 — 29 4,73 1.671 7,916
30 — 34 4,441 0.600 2,664
35— 39 4,211 0.178 749
40 — 44 3,973 0.048 191 I
Male 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
70 — 74 1,093 0.0001 0.1
7o — 1,005 0.00003 0.03
Subtotal 53,320 x 10* 61,855 x 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
256 — 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 % 10°
Total 108,300 x 10* 120,960 % 10*

B3 ERBOML Ie b, Wi i3 BoEIERE <1
—ADBRR THEID We EE—EEL T
W PEDOT, 19755F D ARHEEEC 5D HH L
E% Avic., The®lacmsTd.
ZhbofEXHWT @QXDHT, Thbbi
TR A EROMRE (ONWA) 1338.73rad L0 D,
Thw 8o FEGNE12,0965 AT LT &

AR AR R® B L 0.032mrad per person per
vear L% . GSD ~o 5, EGIES %FELS
TR

(G) FHERERE (CMD) » EiiFAEi
i (LSD) SFHEHEiRE Ow & EiREER
F (Dr) wOWTREEROBE LR, kA
bRz,
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Table 15. Genetically significant dose (GSD) (prad per person per year)

Age (yr) —10 [11—15[16—18|19—24|25—29]30—34|35—39(40-—44|45—49[50—54/55—59| 60— ; Total
Male 0.60{ 0.40 | 1.81 | 2.61 | 1.46 | 0.44 [ 0.12 | 0.03 [ 0.0L | O 0 4] 7.48
Female 10.27) 1.19 | 5.35 | 4.87 | 2.31 | 0.47 | 0.07 | 0.01 | O 0 0 0 24.54
Total ].'[1.8?i 1.59 [ 7.16 | 7.48 | 3.77 | 0.91 [ 0.19 [ 0.04 | 0.01 0 0 0 32.02

b ZkI(Nik(FJ'dik‘F} + Ny 0y M)

D= > (NP F N 00 -3
&

D=
b3 g (NpPdp P L™ + Ny *0djp M + Ly M)

J
Z: (Nk(F) + Nk( M))

e (4)
z T,
Nix:j 24 70 B % SZihic kKo A
#.
dixtj #4 7OREEFT Ik EBEO AD
B

Ni : k Elifgo AR

L 1 j £ 4 7OREHEZT o k SEiE o AD
ENiibEE sy

(F) BXUO M) wrth*xh [iofE! s 2o
[ 5] 2.
BIAEERL ZEREO A0 PR & K
5+ RGO R IEE O B IR A SERED B3R
b DT, T OEXFIGIRT.

die AETEIRO HE & AR EHETOK X X,
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FR% B, FiEERE 1 50 o B0 §

Table,16. Leukemiafsignificant factor, L;,

. Age group (yr) Male Female Age group (yr) Male Female
0— 2 0.98 0.98 40 — 44 0.94 0.97
A==, 0.99 1.00 45 — 49 0.91 0.95
8 — 14 0.99 1.00 50 — 54 0.85 0.91
15 — 19 0.99 0.99 55 — 59 0.78 0.87

20 — 24 0.99 0.99 60 — 64 0.70 0.80
25 — 29 0.98 0.99 65 — 69 0.58 0.70
30 — 34 0.97 0.98 70 — 74 0.41 0.58
35 — 39 0.96 0.98 75 — 0.28 0.40
Table 17. Mean bonemarrow dose (mrad)
Adults Pupils
Male Female 14 years old 7 years old
-l 32.6 31.2 23.8 17.5
Table 18. per Caput mean bone marrow dose (CMD) (mrad per year)

Age (yr) —10 |11—15|16—18|19—24|25—29/30—34 :35—39 40—44|15—49/50—54|55—59| 60— Total
Male 0.11 ) 0.14 | 0.69 | 1.00 | 0.73 | 0.62 | 0.55 | 0.53 | 0.47 | 0.33 | 0.14 | 0.16 5.47
Female 0.10 { 0.13 [ 0.66 | 0.63 | 0.53 | 0.45 | 0.41 | 0.40 | 0.37 | 0.32 | 0.10 | 0.13 4.23
Total 0.21(0.27 | 1.35(1.63 | 1.26 ] 1.07 | 0.96] 0.93 | 0.84 | 0.65 | 0.24 | 0.29 9.70
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Table 19. Leukemia significant dose (LSD) (mrad per person per year)

Age (yr) | 10— 11——1516——1819——2425-—2930-3435——3940-4445—-4%50~—5455_—59 60— | Total
Male 0.11 [ 0.14 | 0.68 | 0.99 [ 0.71 | 0.60 | 0.53 | 0.50 | 0.43 | 0.28 | 0.11 | 0.10| 5.18
Female 0.10 [ 0.13 | 0.65 | 0.63 | 0.53 | 0.44 | 0.40 | 0.39 | 0.35 | 0.29 | 0.09 | 0.09 | 4.0¢
Total 0.21(0.27|1.33|1.26|1.24 |1.04|0.93|0.89]0.78|0.57|0.20 | 0.19| 9.27

filfifiti e RdD &, BHABT O H5413.32.6mrad
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Table 20. Comparison of population dose (mrad perperson per year)

GSD CMD LSD
Examination

male | female | total male | female | total male | female | total
Radiography 6.38 4.72 | 11.10 21.1 15.9 37.0 18.1 14.0 32.1
Fluoroscopy 1.45 3.98 5.43 38.6 31.4 70.0 33.2 28.0 61.2
Stmacoh 0.03 0.12 0.15 10.2 6.3 16.5 8.9 5.6 14.5

Photofiuorography
Chest 0.007 | 0.025] 0.032 5:5 4.2 9.7 5.2 4.1 9.3




IBf524E 6 A25H

(8) 4luo P4 CIIZERT O ¥ HIEEER
LG S Thwnwbh o2 TikfgcEion
DD T, ERILL 5 UIBRBERNE L Ted h
P Lo, L L, ZOHED kD 5 %%
2B R WEERRS.

6. ¥

7N - e oo gl X R BRI IR O WA L —
R O B 196850 TR O $9¥H D

3,388 F MR A Uiz, i, 19684E0iiZE TR
BEGREOKER 5D TG R OBREHEE DM
ML, REREROXRRI XY, BEFERET
0.032mrad per person per year k #2043 11Z
WALl Lal, BImFEAEHEL 9.3mrad
per person per year “C19685E M §1/21c LA L
fehote, SH-OECEE L, BEORRR Y
X B—EoERAEHERS.

W AR AR Ak hich, BRAEL HuEy
o v & Uicilbd ikl MOEH LET. Lk
{ERofRMCHMEC HBILTTY svi L BEH
REE B B, R oo one 3l
FFRF o ME GG ilEoWm e L 1.

o

1) i R (WRS04E) I 4 A A B 5 M

2)

3)

.1,)

10)

599—(69)

i Eis.

W M, uEEaEE, LlERT, AREE, &
ARTERE, AUIUBRE  BHERE X5 BRI
offtE, HEBSEaE, 1965, 25%, 8%,
Pp- 991~997.

Hashizume, T., Kato, Y., Maruyama, T.,
Kumamoto, Y., Shiragai, A, and Nishimura,
A.: Genetically Significant dose from diag-
nostic medical X-ray examination in Japan
1969. Health Physics, 1972 Vol. 23, pp. 827—
843,

WA OME, AR, PRS- o B Xk
LomEEREofEE (1974) &1, HERY
2k, 1976, 363, 3%, pp,

BEaE M, DnEE R, uilBER), Sk =g,
WG E  HRERBc L 2EERKD HiE,
AR BeEE s, 1977, 374,

E, REESIR (1977).

BAfE, AdTBE #EES (1976).

Hashiroto, M. and Yamada, Y.: Annual
Report of Scientific Research Grants 1963,
Ministry of Education (1964).

Bone marrow dose research group: The Bone
Marrow Dose in Tele Radiotherapy in Japan,
Nippon Acta Radiologica 1970, Tomus 30
Fasc 4, pp. 368-—284.

Report of the United Nations Assembly,
Official Records 13 session, Suppl. 17 (A[3838),
New York (1958) and Suppl. 16 (A[5216),
New York (1562).




