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Characteristics of the Human Body Relevant to Dose Assessment-

ICRP Reference Man and Reference Japanese Man Studies

Hisao Kawamura

Division of Radioecology, National Institute of Radiological Sciences
3609 Isozaki, Nakaminato, Ibaraki, 311-12 Japan

ABSTRACT-With a new limit for committed effective dose equivalent for members
of the public, 1 mSv per any year for prolonged exposures to radionuclides in the
environment, an emphasis has been even more put on dose assessment for the
general public to obtain more realistic estimates of doses, particularly after the
Chernobyl accident. Reference Man defined by ICRP in 1975 which replaced
Standard Man of 1959, is the basis for assessing doses and calculating ALI and
other secondary limits. ICRP Reference Man is currently being revised as other
ICRP models and parameters are.

Significance of data on characteristics of the human body, i.e. anatomical,
physiological and some metabolic data in dose assessment in relation to intakes of
radionuclides is confirmed. Some results of “Reference Japanese Man” studies
are summarized.

For the present purpose, data may also be provided by such subject fields, i.e.
health physics, environmental sciences, public health, nutrition, physiology, etc.
The data on characteristics of the human body and related models for dose
assessment are urgently to be established for Japanese. These will also provide

key information for “Asian Reference Man”,
1 @ECHIC
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HY, BEORKRICECT, AENLZRPEBHROARELZR L LORTARETHS L
CHRBTH R,

a EXABFRADEEBEOEBRC K&

REMEIC S CLCERARADREOER RS SOMEMOEEMIXE S 2/F kv,
HAANDKRBEREI KES MRS 2 BFMBIROMEMEH 2 LD o, BEAERA
(20~50%) D123 E DEREHTRE S iz, BFE, 0~1IREPLET-F2HPLTL6
CRERIONTHY, ML RRINBTETHA (1. 28MH).

b BXADIXSNENER
Xk & UBEARQERME K TCT, IAINVEORUMOERLR - #HEL I,
IAINVERROERIL, E#EAARANLICRPEEADKEDLE Y b SHL TKD 6!,
RIUIRT L) CEBARARABLKD IAINVEOERIL, 20 & 04.2ke¥s L U3.2kgTH
Y, ICRPIE#EABLTIXZNEFN5. Oke¥s & F3.4keTH 5, ICRPTIE, BMAKFIZHIIEE
R1 BEHEARANCIL L BER LICRPESEA L DR
Masses of mineralized bone in Reference Japanese

male and female as compared with those in ICRP
Reference Man.

B BAST BRAKF
AARA ICRPiZE#A HAA  ICRPEEHEA
A 694 (706) 632 NA*
BERE 129 97 NA
e 50 38 NA
e 307 Lo 230 NA
K& 21 16 NA
FH 384 (451) 288 NA
s 83 (98) 62 NA
G 354 (392) 280 NA
IhEE 284 (294) 190 NA
R& 90 ( 98) 60 NA
HilgE 112 (118) 76 NA
FH 107 (294) 72 NA
XigE 781 (784) 571 NA
BER 28 NA* 21 NA
EE 443 (608) 324 NA
BER 108 (98) 76 NA
RH 229 (294) 167 NA
&it 4,200 5,000 3,200 3,400

*) NA : ICRP Publication 23z X8 % HE
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by, BEARATRABNLZEIBONATY 3, SBWHHMD IAFVEERDICRPELEA
LOHERTIE, BARANOHEBOBFERI /NI LR LN,

BLF U A RERE LENSEAROEE B OATV 5, FEABHMIEFREOMIROERSR
, FHLOXMBEOLCHAETREE L > T a9, EELBERAROMELFIZQALL

Lh,

c RbArFULOBALS

THEDR v F U ABEIRBAREHRNCENLD LI, FECIITBEREC—E
DEZRTEmMD D 555, i, REEFRIMPLER L EIX L {1230~35mELI%, FpL kb
BEGSr/Calk)0EmMERT I LRGN, BHNORH—SHYETIDOLEZE LN
Jo1saise :

EREE L TS CRSTbOTPIEAS VI LD T3 (E2), 20D 5 LERS
fieZR | TEEIRAANOBEFOR b n 7Y LAHRIX430mg & f#EE 3 N7z, ICRPEEA

25—
F
ﬁ; 240.- E 2
§ ,/—"""'""'5“”" BB RXEL LIZBHYD
2 7 —rfemur  Sr/Calt b EROBEGEHT O
15} R
g ,’, - - Sr/Calt=1)
3 /-*"" ’.,.—" (ERME T s ERILLIZ b D)
5 _,,..-;ti"""y ST T T T Rib Patterns of the Sr/Ca ratio in
~ 1.0k ---...—.d-ﬂ.'&."_"?-—f?.’ff __________________________
different bones normalized to
. . . ) | | ) | . that of vertebrae as functions of

age.

R BEH»CE~OBTEE(ARE—FBEOS/Ca O. R. ff)
Transfer factor for °Sr from the diet to bone or Sr/Ca O. R.

between bone and diet in Japanese.

IA1HEH: b OFERE BiixUsEFR
Ca Sr Sr/Ca Ca Sr Sr/Ca

HAA 0.54g 2.3mg 4.2X10"* 840g 430mg 5.1x10°*
BiokA*x  1.1g 1.9mg 1.7X10* 1000g 320mg 3.2Xx10°*

*) ICRPIZ#EA
- . __BPoSr/Calk  _

0.19(ICRPF#A)
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d KHtEa vROBRRRIEESE
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NS, Fi, BERBTOEWZEREI b SHECE - L, HIU, INBEEREOBE
FHEEC & 2 2 & %, BE%¥7 — & % & Uvoluntary subjectsic & 32 B G5 OENAIE - &
DSFE L 729, B2 SIS & O ML AT DT b 2O, BB OO RE - L v ERES T L
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Nation-wide Anthropometric Survey Data in Japan to Determine Dimensions of

Total-Body Phantom for Reference Japanese Man

Masami Togo

Faculty of Education, University of Tokyo
7-3-1 Homngo, Bunkyo-ku, Tokyo, 113 Japan

ABSTRACT-In order to estimate radiation dose in Japanese population accurately, a
Reference Japanese Man, whose stature and body weight are 170cm and 60kg
respectively, is indispensable. The MIRD 5 total-body phantom has only 8
dimensions, i. e. total head height, head length, head breadth, trunk length, trunk
breadth, leg length, and breadth and depth of a leg model at its lower end. Based
on Japanese anthropometric data, the dimensions were determined and its mathe-
matical descriptions were given. In Japan, annual statistical data of stature, body
weight, chest circumference and sitting height for all Japan by sex and age are
published. But other nation-wide survey data necessary for determining dimen-
tions of total-body phantom of Reference Japanese Man, are unavailable. Much
more national anthropometric data of every kind necessary for defining phantoms

must be compiled.
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|1 R - FWMAND SR - RE - Bab - O FEE R IEERZ (BH62E%E)
Means and standard deviations of stature, body weight, chest circumference and sitting height in
boys and girls between the age ages of to 17, surveyed in 1987.

X 5 g  Elm) f&  H(kg) By BH(cm) FE F(cm)
T | EHERSE | P | SRR | PIE | ERERE | TOiE | EHERE

SHFERE 5 A% 110.8 4.61 19.2 2.56 56.4 3.01 62.6 2.76
6 % 116.6 4.83 21.3 3.17 57.9 3.39 65.3 2.77

7 122.3 5.04 23.9 3.72 60.1 3.81 67.8 2.84

;J‘;J 8 127.8 5.32 26.8 4,66 62.5 4.54 70.3 2.93
% 9 133.0 5.53 29.9 5.54 64.9 5.21 72.5 2.98
10 138.2 5.89 33.4 6.63 67.5 5.93 74.7 3.14

5 11 143.8 6.75 37.2 7.61 70.1 6.40 77.0 3.58
h 12r% 150.7 7.72 42.6 8.73 73.2 6.67 80.3 4.33
113 158.1 7.80 48.0 9.39 76.6 6.66 84.0 4.45
% 14 164.0 6.77 53.4 9.30 80.2 6.44 87.1 3.97
= 15% 167.7 5.84 58.4 9.38 83.2 6.60 89.5 3.42
ﬁ‘ 16 169.4 5.66 60.3 9.28 84.8 6.27 90.4 3.20
B 17 170.3 5.71 61.8 9.19 86.3 6.13 91.0 3.19
IHHER] 5 % 110.0 4.56 18.9 2.50 55.2 3.11 62.2 2.67
6 "% 115.8 4.79 20.9 3.10 56.5 3.44 64.8 2.72

7 121.4 5.05 23.3 3.68 58.6 3.90 67.4 2.81

;J.,: 8 127.1 5.34 26.3 4.55 61.1 4.67 69.9 2.95
g'g 9 132.7 5.89 29.5 5.40 63.7 5.29 72.4 3.17
10 139.2 6.55 33.6 6.54 67.0 6.01 75.4 3.62

11 145.8 6.75 38.3 7.39 70.8 6.44 78.6 3.84

E'S

h 1258 151.2 5.89 43.5 7.74 75.1 6.31 81.8 3.57
#413 154.6 5.35 47.1 7.31 77.6 5.76 83.5 3.17
e 14 156.3 5.11 49.8 7.07 79.6 5.47 84.5 2.93
.E.';\ 15 157.1 5.01 52.1 7.24 81.4 5.50 85.1 2.79
ﬁ. 16 157.6 4.99 52.7 6.89 81.9 5.21 85.2 2.80
% 17 157.8 4.97 52.8 6.81 82.2 5.18 85.2 2.86

(E) 483, B2 4 A 1 HEBEDMERTH 5,
XY ERRREEHTEE L 5,
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R A - FRHDOHR - REQORER - PR CERUER2E BRHI61FK)

Means and standard deviations of stature and body weight by sex and age sampled in all Japan

in 1986.
5 %

i (%) &  &(m) &  #&kg) 5  Elcm) & H(ke)
A B OPHME | EHEE | AN B OEME | EHEREE | A K Pl | EeEEE | A K PHE | BEEE
1 123 80.59 5.69 123 10.89 1.38 132 78.77 5.55 132 10.27 1.26
2 116 89.49 3.99 116 13.07 1.41 117 88.92 4.20 117  12.53 1.47
3 138 96.89 4.24 138 14.86 1.84 129 96.18 3.92 129 14.46 1.81
4 132 104.01 4.26 132 16.81 1.94 135 102.77 5.01 135 16.52 2.40
5 141 109.53 4.11 141  18.49 2.30 126 108.77 4.23 126 18.26 2.26
6 152 115.48 6.70 152 20.79 2.70 139 114.89 4.70 139 20.53 2.67
7 171 121.52 5.56 171 23.92 4.12 152 120.80 5.70 152 23.11 3.84
8 177 126.54 5.23 177 26.07 4.47 153 126.32 5.17 153 25.99 5.33
9 172 131.49 5.81 172 28.84 5.01 179 132.28 5.74 179 29.35 5.12
10 171 137.71 6.74 171 33.01 6.49 164 138.18 6.51 164  33.23 6.11
11 176 143.48 6.91 176  37.99 7.54 156 145.11 6.17 157 37.94 7.13
12 160 149.70 7.62 160  42.03 8.43 175 150.36 6.19 175  42.76 6.47
13 135 157.81 7.24 135 47.64 8.52 159 153.96 5.04 158 45.83 7.08
14 167 163.49 6.97 168 53.20 9.49 147 155.57 4.71 147 48.65 6.47
15 143 166.46 6.52 143 56.00 9.64 138 156.75 4.80 138  50.88 6.51
16 125 168.14 6.36 125 59.99 9.45 97 156.76 5.49 97 51.77 7.22
17 115 170.17 6.07 115 61.55 7.66 110 158.37 5.43 110  52.92 7.01
18 106 170.20 5.98 106 61.76 8.80 99 157.64 5.87 99 52.10 6.29
19 761 170.51 5.73 76 60.58 8.28 81 157.04 4.94 81 49.73 6.03
20 541 171.11 6.44 54 61.66 8.44 54 156.95 5.03 53  48.44 4.78
21 71 170.28 6.44 71 61.89 9.06 88 157.54 5.68 85 51.26 7.80
22 71 169.95 5.66 70 61.37 9.14 83 157.40 5.18 80 50.62 6.46
23 70 170.82 5.46 70 64.45 9.20 80 156.95 5.30 75 49.57 6.60
24 79 170.39 5.54 79 63.44 7.92 76 157.61 5.13 66 50.56 7.54
25 67 169.62 5.30 67 64.52 8.66 100 158.05 4.97 89 51.73 7.15
26~29 283 169.87 5.40 283 63.75 8.89 425 156.64 5.34 379 51.34 7.53
30~39 | 1,205 168.01 5.57 | 1,205 64.19 8.49 | 1,615 154.96 5.13| 1,575 52.47 7.51
40~49 | 1,014 164.82 5.97 | 1,012 63.15 8.38 | 1,310 152.56 5.01| 1,310 53.88| 7.90
50~59 972 162.75 5.85 972  61.23 8.79 | 1,264 150.48 5.44 | 1,264 52.88 8.08
60~69 723 160.54 6.12 723  57.98 8.99 920 148.04 5.80 921 51.01 8.38
70Vl E 487 157.30 6.95 488 53.07 8.78 666 143.81 6.67 668 46.53 8.42
60~64 422 161.15 6.18 422  58.38 9.08 523 148.54 5.92 524 51.72 8.42
65~69 301 159.69 5.92 301 57.43 8.83 397 147.40 5.58 397 50.07 8.23
70~74 224 158.02 6.76 224  54.00 9.22 335 145.14 5.78 335 48.02 8.07
75~79 156 158.02 6.89 157  53.56 8.27 185 143.95 6.14 185 46.76 8.27
80meLL L 107 153.83 6.27 107 50.39 7.98 146 140.60 8.03 148 42.88 8.27

EAE ERRBOHEKIL 2,
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-1 @#ESOIESHE L REEBE EOMBER

3 MR - EWMHNOEE - KE - M - SO FEME R EERE (BH62EE)
Means and standard deviations of stature, body weight, chest circumference and sitting height by
sex between the ages of 6 to 59 or 6 to 29 surveyed in 1987.
& & (B - cm) i* B (B © ke)

5 7 % T I x T
A ] P | aEeEs | aak | Tl | eeE EAK [ Pols | B | BAk | T | Bee
6 1004 116.58 5.02 1012 115.73 49| 6 1004 21.36 3.26 1012 20.82 2.93
7 1008 122.26 5.39 1007 121.35 5.35 7 1008 23.78 3.65 1006 23.30 3.66
8 1010 127.89 5.49 1003 127.22 5.40 8 1009 26.72 4.42 1002 26.23 4.41
9 1006 133.09 5.42 1001 133.00 6.31 9 999 29.52 4.90 1003 29.34 5.02
10 984 137.79 5.84 984 139.31 6.64 | 10 984 32.70 5.89 984 33.41 6.00
11 991 143.59 6.70 978 145.93 6.63| 11 991 36.96 7.50 978 38.39 7.21
12 940 151.00 7.95 943 151.55 5.98 | 12 939 42.31 8.41 941 43.27 6.80
13 957 158.96 7.53 962 154.69 5.26 | 13 953 48.18 8.56 955 46.76 6.89
14 962 164.17 6.82 975 156.45 5.22( 14 961 53.42 8.83 972  49.32 6.96
15 1061 167.70 5.99 1052 157.18 4,891 15 1059 57.89 8.74 1048 51.29 6.69
16 1105 169.45 5.88 1017 157.35 5.27| 16 1103 59.87 8.62 1016 51.76 6.59
17 1108 170.22 5.90 1073 157.84 4.99| 17 1099 61.17 8.25 1072  52.29 6.63
18 1896 170.62 5.67 1926 157.93 4.94| 18 1898 62.23 7.77 1918 51.39 5.73
19 1780 170.87 5.53 1625 158.14 6.44] 19 1778 62.61 7.39 1607 51.53 5.96
20 1226 170.96 5.45 1061 157.97 4.90( 20 1223 63.33 7.65 1054 51.20 5.42
21 549 171.32 5.28 512 157.88 4.84 | 21 549  63.60 7.55 510 50.62 5.45
22 577 170.80 5.27 509 157.62 5.17 | 22 577 64.02 7.84 509 50.65 5.56
23 575 170.61 5.46 524 157.25 4.68 | 23 574 63.79 7.37 524 50.02 5.34
24 554 170.82 5.25 514 157.76 4.87 | 24 554 64.32 7.67 513 50.65 5.30
25 521 170.98 5.31 514 157.49 4,94 25 522  65.06 8.05 510 50.45 5.31
26 518 170.61 5.06 509 157.39 4.55| 26 518 64.52 7.70 507 51.03 5.47
27 503 170.41 5.13 508 157.52 4,90 27 502 64.54 7.50 506 51.06 5.46
28 518 170.44 5.30 482 157.63 4.81| 28 517 64.82 7.64 482 51.13 5.58
29 516 169.87 5.32 494 157.25 4.58 | 29 516 65.34 7.64 494 51.33 5.45
30 535 169.67 5.15 504 157.20 4.74 | 30 544 65.44 7.88 501 52.04 5.71
31 491 169.49 5.04 517 156.78 4.84| 31 498 65.87 8.23 516 51.69 5.92
32 503 169.40 5.07 519 157.07 5.01] 32 518 65.59 7.97 517 52.10 6.14
33 495 169.02 5.23 532 156.78 4.71( 33 505 65.58 8.21 530 52.43 5.93
34 514 168.65 5.40 565 156.19 4.77 | 34 526 65.48 8.24 565 52.36 5.91
35 522 168.65 5.15 585 156.28 4.68 35 529 65.02 8.02 583 52.25 5.62
36 531 168.40 5.19 595 156.31 4.57 | 36 543 65.71 8.08 594 52.93 5.95
37 525 168.09 5.33 598 155.73 4.64 | 37 535 65.69 8.59 597 52.75 6.78
38 531 168.14 5.50 602 155.36 4.86 | 38 536 65.08 7.93 598 52.57 6.21
39 572 168.11 5.36 593 155.56 4.76 | 39 578 65.22 8.03 591 52.80 5.87
40 515 167.65 5.20 570 155.31 4.80 | 40 519 65.07 7.70 567 52.92 6.30
41 477 166.95 5.62 487 155.17 4.71 | 41 482  65.00 8.13 485 53.39 6.67
42 487 166.95 5.20 508 154.9%4 5.07 | 42 493 64,94 8.25 507 53.38 6.80

43 496 167.00 5.28 519 154.81 4.75| 43 495 64.09 7.60 519  52.73 5.84
44 507 166.32 5.44 505 154.84 4.91( 44 511 65.12 8.03 505 53.21 6.50
45 485 166.45 5.48 517 154.90 4.60 | 45 486  64.51 7.94 517 53.72 6.06

46 476 166.73 5.25 499 154.59 4.65| 46 476  65.16 8.09 497  53.56 6.28
47 477 165.90 5.42 491 154.40 4.62 | 47 479  64.54 7.79 491  52.69 5.83
48 474 166.07 5.27 476 154.16 5.13| 48 484 64.44 7.10 474 53.92 6.91
49 466 166.01 5.31 466 154.08 4.97| 49 466 64.99 8.00 466  53.35 5.98
50 420 165.55 5.58 461 153.74 4.83| 50 421  64.58 7.90 461 53.36 6.66
51 421 165.59 5.46 439 153.77 5.16 | 51 423  64.02 7.56 439 54.17 6.92
52 427 165.18 5.23 456 153.47 4.62 | 52 430 64.28 7.77 454 53.66 6.79
53 412 165.16 5.27 435 152.98 4.59| 53 413  63.39 7.56 434 52.97 6.55
54 412 164.65 5.64 432 153.26 4.68 | 54 412 63.76 7.50 431 53.26 6.04
55 415 164.86 5.41 433 153.02 4.68 | 55 415 63.13 7.66 434 53.56 6.44
56 410 164.32 5.58 437 152.78 4.97 | 56 411  62.31 7.66 437 52.86 6.35
57 413 164.13 5.51 409 153.13 4.92| 57 413 62.74 7.24 406 53.08 6.12
58 412 163.49 5.76 422 152.55 4.89| 58 412 62.16 7.52 422 53.41 6.56
59 434 163.62 5.73 434 152.30 5.15| 59 435 61.38 7.86 434 52.82 6.79
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#£3(0TH)

PR (B4 : cm) JEE % (B 2 cm)

. 5 F & - 5 % F

EAK | Pl | mEREE | Rk | P | SR AR | P | e | aAk | Tl | R
6 1004 57.88 3.56 1012 56.41 3.35) 6 1003  65.30 2.79 1012 64.81 2.65
7 1008 59.88 3.57 1007 58.63 3.87| 7 1007  67.98 2.92 1004 67.30 2.87
8 1010 62.33 4.30 1003  60.89 4.49, 8 1010 70.34 2.98 1003 70.05 2.93
9 1006 64.79 5.05 1005 63.55 4.70 | 9 1008  72.67 3.03 1005 72.68 3.37
10 984 66.75 5.36 984 66.67 5.40| 10 983 74.54 3.09 984 75.35 3.57
11 991  69.66 6.22 976  70.77 6.34| 11 990 77.02 3.57 976  78.64 4.23
12 935 72.69 6.33 938 75.00 5.62| 12 925 80.35 4.57 936 81.78 3.68
13 941 76.45 5.98 949  77.39 5.55| 13 944  83.62 4.76 948 82.84 3.8
14 952 79.59 6.12 962 79.33 5.42| 14 954 86.76 4.52 964 84.03 3.84
15 1042 82.59 5.50 1041 80.94 4.60 | 15 1055 88.86 3.89 1046  84.36 3.46
16 1088  84.30 5.73 1009 81.10 4.70 | 16 1100 89.73 3.79 1014 84.26 4.01
17 1069  85.29 5.31 1066 81.79 4.54 | 17 1095 89.96 3.89 1068 84.53 3.54
18 1816 86.94 5.10 1872 81.64 3.92) 18 1803 90.41 3.61 1765 84.05 3.59
19 1694 87.77 5.05 1563  81.87 4.391 19 1663  90.59 3.71 1528  84.00 4.20
20 1157 88.59 4.84 1026 81.58 3.39| 20 1151 90.30 3.82 998  83.93 3.56
21 528 89.72 4.78 492  81.83 3.62| 21 522 90.19 3.85 484 83.36 4.12
22 547 89.73 5.31 490 81.83 3.62| 22 557  90.01 3.95 477 83.20 4.07
23 550 89.62 4.57 503 81.62 3.85| 23 552 89.79 3.83 493  83.23 3.88
24 528 90.13 5.26 493  82.59 3.44| 24 524 89.83 4.01 484  83.23 3.97
25 498  90.14 4.75 494 82.24 3.51| 25 499  90.20 3.94 483  83.09 3.89
26 493  89.47 4.47 490 82.27 3.70 | 26 494 90.28 3.84 481 83.44 3.68
27 478  89.97 4.41 492 82.23 3.56 | 27 485 90.18 3.81 478  83.38 3.76
28 499  90.04 4.53 459 82.14 3.81| 28 489 90.38 3.92 451  83.31 3.75
29 492 90.20 4.4 476 82.41 3.81| 29 489  90.20 4.80 462  83.08 4.26
30 516 89.75 4.90 490 82.25 4.11
31 468 89.69 4.89 500 82.47 3.90
32 48 89.78 4.83 503 82.64 4.18
33 473 90.16 4.71 517 82.75 4.12
34 491  90.01 4.79 546 82.64 4.27
35 511  89.93 4.80 564 82.55 4.16
36 511 89.93 4.82 576  83.22 4.16
37 508  90.05 4.91 582  83.04 4.11
38 504 89.57 4.76 580 83.34 4.64
39 546 89.95 5.02 576  83.37 4.44
40 486 89.63 5.35 545  83.66 4.76
41 457  89.73 5.26 464  83.57 4.66
42 474 89.21 5.22 496 83.89 4.63
43 468  89.05 4.93 504 83.21 4.28
44 479 89.27 5.04 492 83.76 4.75
45 460 89.23 5.06 505 83.98 4.21
46 447  89.65 4.99 480 83.86 4.85
47 457  89.09 5.31 480 83.84 4.48
48 457 89.38 4.97 456  84.45 4.95
49 445  89.15 5.36 455  84.22 4.75
50 401 88.65 5.27 453 84.19 5.04
51 409 88.92 5.22 428  84.50 5.31
52 415 88.44 5.69 445 84.28 5.24
53 398 88.56 5.04 426  84.14 4.86
54 396 88.46 5.39 417 84.28 5.24
55 397 88.02 5.17 422 84.07 5.17
56 399 87.53 5.58| 426 83.73 5.50 | Bffiz, LUIHEMREZOUEMBCETHY, %
| A0 TS50 399 8 O R OB (R 1) LIRS L b —H Lk,
58 405 87.70 5.42 413 84.30 5.20
59 | 425 87.17  5.36| 424 83.37  5.02| XEbH ERKED - EFREHFEEC L 5.




[I—1 #EEOIEFME L BEEBRE LOMER

R4 FORSEREEOEN - FRANDOEE - 55K - M - 58 O FYE
Means of body weight, stature, chest circumference and head circumference in
boys and girls from to age of 6 and a half years surveyed in 1980.

AHE(kg) £ &(cm) Kk (cm) FEM(cm)

- ARp 5F | XF | BF | XF | BF | xFf | BF | &7
1980 1980 | 1980 1980 1980 1980 1980 1980

AR 3.23 3.16 | 49.7 49.3 | 32.5 | 32.4 | 33.6 | 33.2
1~2HARH| 5.08 4.76 | 56.0 55.2 | 39.1 38.2 | 38.2 | 37.4
2~3 6.09 | 5.55 | 59.8 58.4 | 41.0 | 39.9 | 39.8 | 38.7
3~4 6.84 | 6.24 | 62.7 61.1 | 42.4 | 41.2 41.1 | 39.9
4~5 7.39 6.83 | 64.9 63.3 | 43.4 | 42.2 42.2 | 41.0
5~6 7.80 7.33 | 66.6 65.3 | 44.1 43.0 43.0 | 41.9
6~7 8.15 7.1 68.1 66.8 | 44.6 | 43.6 | 43.7 | 42.6
7~8 8.47 8.00 69.4 68.2 | 45.1 44.1 44.4 | 43.3
8~9 8.77 8.24 70.8 69.4 | 45.6 | 44.5 | 45.0 | 43.9

9 ~10 9.04 8.47 72.0 70.6 | 46.1 44.9 45.5 | 44.3
10~11 9.27 | 8.70 73.2 71.8 | 46.4 45.2 45.9 | 44.7
11~12 9.49 | 8.91 74.3 73.0 | 46.7 | 45.5 46.2 45.0
140 ~1 AKX | 9.71 9.09 75.5 74.1 | 47.0 45.7 | 46.4 | 45.3
1~-2 9.91 9.27 76.6 75.1 | 47.2 45.9 46.6 | 45.5
2~3 10.07 9.47 77.6 76.2 | 47.3 46.2 46.8 | 45.6
3~4 10.20 | 9.70 78.5 77.3 | 475 | 46.4 | 47.0 45.8
4~5 10.33 | 9.91 79.3 78.2 | 47.7 | 46.7 | 47.1 46.0
5~6 10.50 | 10.10 80.1 79.0 | 47.9 | 46.9 | 47.3 46.3
6~7 10.73 | 10.29 81.0 79.9 | 48.2 | 47.1 47.5 | 46.5
7~8 10.98 | 10.48 | 81.9 80.8 | 48.5 | 47.4 | 47.7 | 46.6
8~9 11.21 | 10.70 | 82.8 81.7 | 48.8 | 47.6 | 47.9 | 46.7
9~10 11.43 | 10.93 | 83.6 82.6 | 49.1 47.9 | 48.1 46.9
10~11 11.64 | 11.14 | 84.4 83.4 | 49.4 | 48.2 48.3 | 47.1
11~12 11.82 | 11.34 | 85.2 84.1 | 49.6 | 48.4 | 48.4 | 47.2
240~ 6 AN | 12.18 | 11.89 | 87.2 86.3 | 50.1 48.9 | 48.7 | 47.6
6 ~12 13.27 | 12.88 | 91.1 90.2 | 51.0 | 49.8 49.2 | 48.1
3F0~6H 14.28 | 13.86 | 94.8 93.9 | 52.0 | 50.8 49.7 | 48.7
6 ~12 15.27 | 14.82 98.2 97.5 | 52.8 | 51.6 | 50.1 49.1

4 0~6H 16.12 | 15.76 | 101.5 | 100.9 | 53.7 | 52.4 | 50.4 49.4
6 ~12 17.01 | 16.67 | 104.6 | 104.1 | 54.4 | 53.1 50.7 | 49.7
540~6H1 17.91 | 17.55 | 107.6 | 107.1 | 55.3 | 53.9 | 50.9 | 50.0
6 ~12 18.86 | 18.38 | 110.6 | 109.8 | 56.1 54.7 | 51.1 50.2
60~6 19.88 | 19.15 | 113.6 | 112.2 | 57.1 55.5 | 51.2 50.5

R FAEBIBA4SF RUSSFEIL RS BRERE] FEDREE BAUEENI L5,

COVTAF LB SHFREB LSV TR~<s, BRADERHEZXEDLLOLEL T, =
BEREO BARN AMREFER"YH 5, NE¥EBECILbD L LTI, RE WMHAIZL258HE
DEREEMER Y H B, T oDRRINLFT—2C, BORELLCHAMEZ ML T, &¥eF
W ERIER L T BT,

FFHEPIRES T, HK1T0cm, FENkgDBEFEEAARAN(B) OEARFLME LT 5, B
T, HOES, bR 2 EBOES X, HRES I NIL3 4T dH 5, EHO Tl
THaEGE L)L, MOLEFTHsME KL OME 24, EE25EE L L THEE
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1 ROB#EARAZ 7 b A (ES5OMEPRISRLIC
D), WOEHD RIKEDI . 6cmiZMUEHEAL T4 L
RINTW3
A tentative Reference Japanese Man, dimensions in
centimeters.

Antero-posterior diameter at the end of leg, indicat-
ed as 4, is rounded value of 3.6.

®5 MIRD5 77> b EROBARAZ 7 ¥ b A OFEEF v EFHE
Mathematical descriptions of total-body phantoms in the MIRD 5 and a tentative Reference
Japanese Man with their volume.

MIRD 5 phantom Tentative Reference Japanese Man
Head (x/7)*+(y/10)2= 1 (x/8)2+(y/9)*=1
70<Z<9%4 64<Z7=92
volume 5,278cm? 6,333cm?
Trunk (x/20)2+(y/10)2< 1 (x/20)2+(y/ 9)*= 1
0=Z=70 0=Z=64 *
volume 43,982cm? 36,191cm?®
Legs (x/20)2+(y/10) 2= ((100+Z)/100) (x/20)*+(y/ 9)2=((97.5+2)/97.5)®
—80=7Z<0 —78=Z<0
volume 20,776cm? 18,215cm?
total volume 70,036cm® 60.739

dimension in centimeters unless otherwise stated

E—REL, FTERAERBICANSL, BN ESYEL) 228cm, F8E L LEEH D OHEBOD
Ta 2 TOMEE E L Todem, BEFEHV ORI TEHET L LT8mt T35, ZOMKRIZALE
THIE LN 5, KICESOBEENEDO R BRI BER LPENZ DT, RE6
DEHMETI218.6enTH B DT, T l8emt T 5, FEDEHEMOEMIZL Y, ML 15.6
emTHY, Th¥léemizT s, KIZERHMORZRDOES LRREL v, K, BEHL b 18cn
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-1 #HES0ESHE L EEERE LOMBN

BB THY, 18mt T2, EHEL—HT S, ZhIHHBOLBOEAOEMT H 5, HE
WOAA DM b REIEMNORMIZYL 5, HFO&ES, EECRE%®OES TOMBOEIE
MOEBREMRIEDETHY, ZOFEYH38.9mTH b, B ZOFEL Yy AMHTH2D
T, BEER L P INE2ZERANTHEOG S TORBROE#40cmt 75, BOEHS T,
2RI 6 RTHROBOEC EIADEBREHRREEL L, ZOFHH31.2emTH 3,
ZOWANCHEHIER T > T 5DT, ThrAnsl, PR YV40mFikL 2y, BO®HIT
bEORITHIEY40mE LT HRELBROILG, AREOBHEORM: 2203 2
Mo LMoo LT H s, MR T TR L 5278enTh 5., HEO LN
DFEM O Kb & 8%, FRRER LB AHTIEH 5%, MIRD 577> b &ailfil- TR
#8emt T5 L, FMIX3.6emt 25, TDT7 7Y PLDTA AT aER1IIRT, BRI
MIRD 577> b & LROZBHEBAA(F) O L ORERFE LKL R T, B O 24K
1X60,739cm?*TH v, HEZ 1 L T5 LIKEIR60.7Tkgt L Y, 60keD HEXT700g2 % 12,

5 EER

BHERA AN (B) DBCERET v RAER L T2, KEIRSHFZEECRSERYIIL
Vo 2EPFHED/O L CEERTR, PBFITOREME FHv-7c. MIRD 77~ b & b Hig
LTA% L, 3 THEEIMIRDTIXRE LA E 20 4L T, BIBCRCECIRHEH O, &
POoTLa—AVANERBLLTEOCRLZ 7 2 THLEYGPL, THEAL, BA
ADFHRIFEME TIEH-> THHIEL, v e FOREIAD LIS,

FBREOIEIEME & b 40emT —E L 12, KIKEHRIET20em, HRET18mt P LENH B,
MBI b BLEDS D LHFFHBICIHELR T,

BFLA TR LT —22Hi> T abU Ty Red, FHRECI, Pl L b REMCIRE
BORIEFTNMVDTENL LD LR DN, EFC/ERL TAT, MIRD ZE2I, Fva8v
WoloBaifbe L2 b DI, ZORBIIIIRITHEEALEP I TH B,

8 BbYIL

by SHOKE» CROINDT7 7 P2 DAKRARZIERT 2D, +a7%, BAAAY
RET 57— 2o T o1z, BERHEVKECEETCTE DT, 361 ADFE
CECZ 7> P2DERIZRT VD, 205012, 20M%BLE L2 5KAEESLEL -
T3, $TREMUVDEH->TAT, BRVELACONTHEELLDIEY L TOY
W, 2217, 2L DFHAEZHFZ R, AF Bl - FTRLEPRLETH D, £ D7 —
ZEINE, LY EELREFTVYTS, BREOKCEET S IEFELFHMETTRELE L2 THA
5, Kt IF—TLRAAPDHEBEFL 77 PrllANTHELNED, LWACARATHRIZ, B
W77 MNLDELBIILLBITAS,

HEF SHETRNC D SHEOR 2 B - R KEFIBERNFRE REEHEMEHBL LT T,
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B, fREIFMERE, 530 238~247, 1978.
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mixbh s,
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Mass of Organs and Composition of the Body of Japanese Reference Man

Gi-ichiro Tanaka

Meiji Pharmaceutical College
1-35-23 Nozawa, Setagaya-ku, Tokyo, 154 Japan

ABSTRACT -Reference Man as defined and described in ICRP Publication 23 is in
the process of major revision, with an emphasis on the age and sex, and character-
istics of non-European populations.

Japanese Reference Man (or Woman) is to be defined as the subject, normal and
healthy, 20 to 30 years of age, who inhabits in Japan and live on the “standard
diet”. He (or she) is a Mongoloid in race, and 170 {(or 160) cm in height, and 60
(or 51) kg in weight.

Physical properties such as masses of 114 organs, tissues and components, and
their specific gravities of Japanese Reference Male are given. Body composition or
body fat, LBM, skeleton, soft lean body mass (SLBM), body water, blood, muscle,
ash, protein and specific gravity were also given as well as body surface. These
data are primarily based on the data obtained for normal Japanese, and, where
data unavailable, they were derived from ICRP Reference Man data by using a
new concept of SLBM. Red bone marrow was estimated to be 1,000g as compared
to 1,500g in Reference Man. Body fat was obtained by using Nagamine’s equa-
tions, which showed a recent slight tendency of obesity.

In conclusion, the present data for Japanese Reference Man could be used in
designing appropriate phantoms, mathematical and real, for Japanese. Japanese
Reference Man will also provide a basis for Asian Reference Man, which, in

principle, should be consistent with ICRP concepts of Reference Man.
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-2 HMEARAOBEMMO AR S & CHAHE

1 #E

ICRPIZ*“ Af&E 72" b L TStandard ManV #8ET L, RO ZE M # 454 L 7-Reference
Man (Caucasian Reference Man : CRM*# ##£ L1z, SRIGEFHDFT—RIZHT 5, 1990F %
B, BEAPESUBAREAS L LIzFHReference Man (ICRP Publication 123, F
B)PRETHI LIk, 200, Filclikits & MEERBRE(0, 1, 5, 10, 15m%) %
MATCKIBRBEET 2T bt iote, AT, BETIT7TAGGEEIARAZEL)DEE
HBAML LY FEREL L TEEFfTbR TV 3,

FH#H 6L, BEiZReference Japanese Man*®, #4&H 4 A(Reference Japanese)® &E®, #&
BARN L L CREFRED L E, 2BOBXeRRELICS I, 20w, Lozt (ICRP
DEBERES (BT 3 114HH O A REEME, HECOV TCRMIZEY T 5B RMIRM D 2
FEEHGH,ICLTI,

2 BREAFABIUVREANDER

BHEARANE, K7IT7D—RBELT, ErFTuf FCBL, BARFBCEREL, B404%

Caucasian
Reference Japanese ,  Normal
}
1
Man Reference | Japanese
1
ICRP Man i\ Man
Publication 23 :
(1975) (1988) 8) 1 (1988)11,12,14)
1
___________ -4

Human Body Composition

|:Adipose Tissue, Skeleton,:|
Biological Statistics

Medical Science
Anatomy (Non-Pathological Normal Japanese)
Physiology (Metabolism)
Elemental ‘Composition

Basic Sciences

Physics, Chemistry
Biology, etc.

——Measured Normal Values®!*!?
""" Aggregated and Adjusted Values

1 iE#AARA L ICRPE#A QKT — X DR

Reference Man Concept between Caucasian and Japanese
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EEBRUREN2RL, HERPLIERL, FH20s 930X TORRLEBF (X TH
5, §E170cm(160cm), AE60kg(51kg) TH» T, fESIYE, H£HZE (LFABMELHAADFE
BEZ AT HDTH 5,

ICRP Reference Man (CRM)IXZEF L LTERRBRINT V3T a—hy 4 FTh- T,
HoMmEOREEY b > FHTURLIC~20C ORCKHIZIZEET 2 b DTH Y, 20~30mD BT
(XF)THY, FKEIXT0kg(58kg), HF&KIX170(160em) TH B, L LTV 3,

$le, ZOMBRERE, B IORT I AKROMRE (R, REEE, K33, pED
EIR), (LR (28 RUEHE, HEMNTCERR), EWFNRE (B CRIERE, P
7 EACHIBIR) A N R UBERSEF VBT A ML FORBGECEET S I L Y
AEINTV Y,

3 HJEAKRADEHEREICDOWT

G. Forbes'®®Human Body Composition®#2x12, ABHOMMASER O —EED £ L TH
EX Y B2 B 12iE%, Lean Body Mass (LBM) L L, ARIHERIOEEHE: % ik
ETHIEVRLENTHS, LERIUTV3, L l, EHOWEHRC I NTRAER
BTk, BREELE 2EUEEM S BRE LICE, T%bbSoft Lean Body Mass
(SLBMPiz & b IBRRET T 2 2 L%, SO JeiEREPANLOCT DL E L G, LLEDEA
ZL72H o TR1IZCRM & JRMO Wl % #R L 72,

FHHT L, B2DH 5 LERT 2k { Weight Ratio JRM/CRM) A%, gL
TZNEFN0.85TRU0.741TH b, (REIZxT 2 NG5 I86% (H F LF)THB I LERL TV
5, ZDREDENS b DREERRIBIREDLE L2 D EHESI NG, 2 DR, Lean
Body Mass (LBM)& UFSoft-LBM (SLBM)D i3 21 #4.0.885£0.897¢L e 5 (£ 2),

DY, HEHEARLBM) % £8 L L CIE, K%, HRARZSIZHERL L5, T4bb
& OYABIERERIZERELILTH 2 ~ 3% (1 7 2GSIR) Fitk L THEBLIE L L 5,
BRI RSB LD TER LT H 5, L CHRBREEPCRM 1,500g 4 L TJRMIi
HHEE&ED1,000g' " ThH Y, ZOHIX0.67L > THE—DEFINTH 5,

ZDfts, FEEVFRA—RTDH HEREH, ARILESD. gr. )2 ERLI,

2D, AREDOREHI - TOHHRFILKDOBRMELLL L I2d¥ - THA LT,

1. EFssEBTTY

FAO, WHO, ICRP, IAEA, UNSCEARZ; ¥

) ERATERIR, BAESH I TRERL EHREL - FCRANFNE (2, 1H1A%Y)]
CHERL L BRMOREE R RRRTEEMRERI T TR T 5.
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#1 BFEHARAS L ICRP F#ADOYRIKIEY

Physical properties of Caucasian Reference Man and Japanese Reference Man

BEERRADBEMMOE R s & CHEM

Organ, tissue of

Caucasian

Reference Man

Japanese (Asian) Reference Man

component Body Weight Normal | Body Specific
Weight in situ Japanese | Weight Weight in situ gravity
4 4 g g g
1 Total body 70,000 70,000 60,000 60, 000 1.06
la Total soft tissue 60,000 51,655 52,000
1b Total hard tissue 8,345 8,000
2 Adipose tissue 15,000 11,000 0.92
3 Subcutaneous
g‘ml i 7,500 % 7,500 5,500 * 5,500 % 0.97
4 separahle
(omentum etc) % 5,000 5,000 3,700 % 3,700 % 0.92
5 Interstitial 1,000 800 0.92
6 Yellow marrow
(skeleton) 1,500 1,000 0.98
7 Adrenals (2)% 4% 14 4.1 14% 14% 1.02
8 Aortak 100 % 100 90 90 *
9 Contents % 190 % 190 170 % (170) * 1,06
10 Blood 5,500 4,800 1.06
11 Plasma 3,100 2,700 1.03
12 Erythrocytes 2,400 2,100 1.09
13 Blood vessels 200 % 200 180 % 180 *
14 Contents *
{expect aorta and pulmonary) 3,000 3,000 2,500 % (2,500) 1.06
15 Body fat 13,500 9,670 10,000 0.92
16 Essential 1,500 1,200 0.92
17 Nonessential 12,000 8,800 0.92
18 Body water 42,000 37,000 1.00
19 Extracellular 18,000 16,000 1.00
20 Intracelular 24,000 21,000 1.00
21 Cartilage (skeleton) 1,100 1.000 1.10
22 Connective tissue 3,400 2,900 1.20
23 Tendons and fascia 1,400 1,200 1.20
24 Periarticular tissue 1,500 1,300 1.20
25 Other connective tissue 500 400 1.20
% f;’ft“l"e comective 1,600 % 1,600 1,400% | 1.400% 1.20
27 Central nervous system % 1.430% 1,430 1,500 % 1,500 %
28 Brain 1,400 1,462 1,470 1.03
2 Cerebrum 1,200 1,280
3 Cerebeltm 150 160
31 Brain stem 30 30 1.04
32 Spinal cord 30 30 1.03
33 Contents
(cerebrosginal fuid) % 120 % 120 110 (110} * 1.01
M Eyes )% 15% 15 15% 15% 1.03
35 Lenses (2) 0.4 0.4 1.10
3 Gall bladder * 10 % 10 8% 8%
37 Contents (bile) 62% 62 50 % (50) * 1.03
3 Gltract * 1,200% 1,200 1,100 % 1,100 % 1.04
39 Contents
(fond plus digestive fluide)x 1,005 * 1,005 950 % (950) %
40 Esophagus 40 40 1.04
41 Stomach 150 140 1.05
£ Contents 250 (240)
43 Intestine 1,000 920 1.04
4 Contents 750 (710)
45 Small intestine 640 590 1.04
46 Contents 400 (350)
4 Duodenum 60 50 1.05
] Jejumm 280 260 1.04
4 llemn 300 280 1.04
50 Large intestine 370 330 1.04
51 Contents 355 (360)
52 Upper large intestine 210 180 1.04
5 Contents 220 (220)
54 Ascending colon and 90 80 1.04
cecum
5 Transverse colon 120 100 1.04
56  Lower large intestine 160 150 1.04
5 Contents 135 (140)
5%  Descending colon 90 80 1.04
5 Sigmoid colon 50 50 1.04
60 Rectum 20 20 1.04

(Asterisked quantities make up the totality of Reference Man, and parenthesis show contents)
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Table 1 (continued)

s

. gae?:;s‘:z: Man Japanese (Asian) Reference Man
Organ, tissue of
component Body Weight Normal | Body Specific
Weight in situ Japanese | Weight Weight in situ gravity
B 4 g 4
61  Hair % 20% 20 25% 25 % 1.30
62 Heart# 330 % 330 358 360 % 360 % 1.03
63 Contents (av.) % 500 % 500 400 % (400) * 1.06
64 Kidneys (2) % 310% 310 317 320 % 320 % 1.05
65 Larynx % 28 % 28 27% 27% 1.08
66  Liver 1,800 % 1,800 1,569 1,600 % 1,600 %
67 Ling* 1,000 % 1,000 1,147 1,100 % 1,100 % 1.05
0.26
68 Parenchyma (includes bronchial
tree plus capillary blood) 570 500 1.00
69 Blood (arterial and venous) 430 600 1.06
70 Bronchial tree 30 26
71 Lymphocytes 1,500 1,300
72 Lymphatic tissue 700 600
73 Lymph nodes (dissectible)* 250 % 250 220 % 220 %
74 Miscellaneous * 2,953.1% 2,953.1 2,612.1% 2,612.1%
75 Solid soft tissue (nasopharynx, etc.) 2,600 2,312.1
76 Fluid (synovial, pleural. etc.) 350 -300
77 Muscle (skeletal) 28,000 % 28,000 24,600 % 24,600 % 1.04
78 Nails (20) % 3% 3 3% 3% 1.30
70 Pancreas 100 % 100 128 130 130 % 1.05
80  Parathyroid (4) * 0.12% 0.12 0.12% 0.12% 1.05
81  Pineal % 0.18% 0.18 0.18% 0.18% 1.07
82 Pituitary % 0.6% 0.6 0.57 0.6% 0.6% 1.0
83 Prostate * 163k 16 14 % 14 % 1.05
84 Salivary glands (6) % 85% 85 82% 82% 1.05
85 Parotid (2) 50 48 1.05
8  Submaxillary (2) 25 24 1.05
87 Sublingual (2) 10 10 1.05
8  Skeleton % 10,000 10,000 8,300 % 8,300 % 1.40
89 Bone 5,000 4,500 2.20
9 cortical 4,000 3,600 1.85
91  Trabecular 1,000 900 1.08
92 Red marrow 1,500 1,000 1.03
93 Yellow marrow 1,500 1,000 0.98
94 Cartilage 1,100 1.000 1.10
95 Periarticular tissue
(skeletal) 900 800 1.10
9%  Skin* 2,600 % 2,600 2,400 % 2,400 % 1.10
97 Epidermis 100 100 1.15
98 Dermis 2,500 2,300 1.12
99 Hypodermis (adipose tissue} 7,500 5,500 0.97
100 Spleen * 180 % 180 141 140 % 140 % 1.06
101 Teeth (32) % 46 % 46 45% 45% 2.10
102 Enamel 10 10
103 Dentin 35 34
104 Pulp 1 1
105  Testes (2) % 35% 35 36.5 37 37 3% 1.04
106 Thynus * 20 % 20 33.2 33% 33% 1.03
107 Thyroid * 20% 20 1.1 19% 19% 1.05
108 Tongue * 70% 70 67 % 67 %
109 Tonsils (2 palatine) % 4% 4 4% 4%
110 Trachea % 10 10 9k 9% 1.08
11 Ureters (2% 16 % 16 14% 14 %
112 Urethra % 10% 10 9% 9%
113 Urinary bladder * 45 % 45 40 % 40 %
114 Contents (urine)% 102 % 102 102 % (102) # 1.02
Grand total 70,000.0 60,000.0 1.062

(Asterisked quantities make up the totality of Reference Man, and parenthesis show contents)
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-2 EHEHAAOBEHGOERS & MHFER

£ FEEARAOHKER L ICRP (2—4>7 ) BEADKERK L DR

Human Body Composition compared with Caucasian Reference Man and Japanese Refer-

ence Man
Caucasian Reference | Japanese Reference .
Organ, Tissue Man (CRM) Man (JRM) JRM/CRM ratio
or A B C D E F G
Component Weight | B.W. % | Weight| B.W. % | JRM/CRM E/E E/SLBM
(g) | (70,000)* (g) | (60,000)! (C/A) | E-(0.857)'| E-(0.897)*
Body Weight 70,000 100.0 60,000 100.0 0.857 1.00 0.96
(B. W)
Fat 13,500 19.3 10,000 16.7 0.741 0.86 0.83
Essential 1,500 1,200 0.800
Non-Essential 12,000 8,800 0.733
Lean Body Mass 56,500 80.7 50,000 83.3 0.885 1.03 0.99
(LBM)
Skeleton 10,000 14.3 8,300 13.8 0.830 0.97
Teeth (32) 46 45 0.978 1.14
Soft LBM 46,454 66.4 41,655 69.4 0.897 1.05 1.00
(SLBM)
Water 42,000 60.0 37,000 61.7 0.881 1.03 0.98
Extracellular 18,000 16,000 0.889
Intracellular 24,000 21,000 0.875
Blood 5,500 7.9 4,800 8.0 0.873 1.02 0.97
Muscle 28,000 40.0 24,600 41.0 0.879 1.03 0.98
Ash 3,700 5.3 3,200 5.3 0.865 1.01
Protein 10,600 15.1 9,200 15.3 0.868 1.01 0.97
Body Surface 18,000 25.7 16,500 27.5 0.917
(c)
Sp. gr. 1.07 1.062

2.  BWTITH
XEE, BAEA, RWOKES thBorBETIiTH,
Official annual report
3. BEFERTIITY
o3k, REF L E OWRAHRE
4.  RESTIATH
FE M, B

4 FIEBEICOVT

B30 & sequation (BAEEHEHIBHIN TV 3) KR TEHELIZEAANDKIEEHE
12JRM(male) & L T#16.7%TH 5, LHE, BiFERCH- T, WO7 I 7HEENZL<T, ¥
MM H B,

L»L, BRADHBIEEIZIET 2V A AD1/4TH Y, EptEnehs (REZEHR{)1IX1/6T
Hbr, e, MHEDEBEOLESISEY2HAITHTDH S,
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5 BFRAOEREBIMEICOWT

IRMOBHM BEEIX, BARAOFZMBML KT ( ERARARRYRET I LTDH S,

ZDI:w, JRM Phantom#Z{E L, SENSE R8T s ERAE Y EBWCHET 5
ItEHhs,

WA 62 k5 SR ALIOFHEMIZMIRD 7 7> b 2k T 3 HEAEF V(L
JRMTIR L, IWHEFVTH 2) DHRERIETREOLEVYTH S, LI,

IO A K O B A N O EIEE R E

ICRP Publication 26

Min {(ALI) - SW H;<5rem, (ALI) - YH;<50rem}

stochastic non-stochastic
MIRD Phantom Japanese Model
(Yamaguchi Model)
(ALI)stochastic 7.7MBq(207.Ci) 7.0MBq(1894Ci)
(ALDnon-stochastic  2.3MBq(63xCi) 2.1MBq (57 Ci)

LI EO#ER, ALLIZECKA2.3MBq (634Ci) t HARA2.1MBq (57xCi)iz % 3 L v 5, JRMIC
& BIEFELFTEEROTHICRIISDV DL L TEH SN S,

O, RBHCET AL LTHRESY O3 DR EARAN/FRRADRRKRILERH0.3
X L0152 ~0.222TH 3, & 12, MK ERMAH 1008 43BHTH Y, ELLECHRAD 6
N5, BAADERKDRRIL, BEWEZEZEL, REIVREREVEL{Z0 I LTH 5 (it
ROEHD 5 ~1MER).

6 MERE

BH¥EAARANR, BET7ITANDEFTVOERLE L2 DTHY, EXHAAZRRLE L
ICRPOMEE CHEHL LA BAHDH B DT TR E LR,

ICRP Task Group on Reference ManZ 8 & LT, S5EICEHASHICMFE L, IJFTHEIE
TEDOHBHI L EWME LA MOEIR L EHT IRETH 5,

BE T

1) ICRP Publication 2, Permissible Dose for Internal Radiation (1959), Pergamon Press.

2) ICRP Publication 23, Report of the Task Group on Reference Man (1975), Pergamon Press.

3) Mgk —pR, A AES : ICRP Reference Man (BE#8A)&5T Task Group #—27Y v %
BIIOVT, BETEREE, 30:9-12 (1987).

4) Tanaka, G., Kawamura, H. and Nakahara, Y.: Reference Japanese Man- I, Mass of Organs

and other characteristics of normal Japanese, Health Phys., 36 . 333-346 (1979).
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<® #w>

Q.

FARE—:

HEI AR EEDF— 2 O—EP B T WIS KK LIz, 7 Y7 ADReference Man®
(FIED) BIEDOBEROKRS S EDL LD,
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AEESEUNO S &, KE, BWESCOCTTHNE, XEWEKT, 2EL & MERN
BHCHAELTHY, 24D L 2 2% @FEHTOTN) 2EAL T 5, XA ERE
T, FEORIRPFHHET.2om~0.1enTH H, KFRBLAERPE-LE DN TV 205,
BFTREINEHEOREBIH 5, RN, ZIFIEMI 1enfff 2 LD DH 5,

BR(ERTH)
BELEPAHES oSv i LI,

38



s

R

ICRPEFIZ B2 2 DEE)

7 vl U] B
KGR E B A TFRPT
Activities of the ICRP Committee 2

Osamu Matsuoka

National Institute of Radiological Sciences
4-9-1 Anagawa, Chiba-shi, 260 Japan

ABSTRACT—ICRP is the non-profitable organ of radiation protection which is
composed of specialists of various fields selected independent of nationality. The
ICRP consists of the Main Commission and 4 Committees.

Committee 2 (C-2) is composed of 15 members and each one third of them
are health physicists, radiobiologists and dosimetric physicists, respectively. The
basic role of C-2 is to show values of the secondary limit such as annual limit of
intake (ALI) of various radionuclides, derived from basic dose limit set by the
ICRP recommendations. The present major activity of C-2 is revision of various
task group reports which support Pub-30 or Pub-26, such as Reference Man,
Respiratory Tract Model, Metabolism of Transuranium Elements and so on. A
new task group on age dependent dosimetry was set for dose estimation for the
public which is a major concern of the recent ICRP.

The major activity of each task group is as follows:

(a) Task Group on Reference Man : the major change is to cover all ages rather
than the adult only and to add physiological parameter and etiological group data
such as reference Japanese. Drs. Tanaka and Kawamura participate as task group
member.

(b) Task Group on the Respiratory Tract: Major revisions of the lung Model are
fraction of respiratory tract, and attention on ultra small respiratable particle, age
difference and smoking effect.

(c) Task Group on Age-Dependent Dosimetry: due to accumulation of biokinetic
data for various radionuclides, Sv/Bq values are expressed in each age group. Dr.

Inaba participates as task group member, and also Dr. Watabe of IAEA does.
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1 ICRPDM¥#

ICRPIZ, FEFOERMEMRE IR EL> Tw s, 20BN, KEHRE#EDREAT I
L TEEOEMRER REHRBE BT 2 AN L Z A FRUEKHEL 5 2 B BIET 5
ZLiEHB, o THEDFDDOEIR, 2DEFALYHETz2ALESLLIY, EHOED
BRHEOEHEL L THOANS L 5124 T 5, ICRPOBREDEE 2D Tid, Pub-26:2%k
DT LS AT 3, ZAREH LT, SMFO@Y LBHEE 2, KAHRES,
BEHRE#, s, REWEZE, £WE, EEY EWRES L CEYYEROHEER B
WAERLERCESCTERINBbDLTESAT V5, ZOEEBIERBELECIZE,
2 VEEPRBLTVLRGEV I 2, HAER®Z A S(UNSCEAR) R EH IR 7 i
(AEA)®NEAZE Liz-> S VR 2 LIATHY, ZEBOFLEECIMERFRO L WA
ThasI by, RABRTRBFLABLTUI2LELE L LI,

ZA2KR, ERBQLZOTLADOEMEASLEVIBTERINTV 3, ER2OFMR
B2o%En:, ¥MEES 1 (BHRRE), SMZRAS 2 WPRE), §MBEL3 (BFuE
B REHRE ), BMRES 4 (BE0@ACET )T 5,

COFAELORAORESEBECRRALRIINTV 2D, 20KER, FAEAEFRRTD
b, tLOEBEKOMELELL LIATH S,

27 EREsE DRE

ICRP & %% 2 42 # 83 2 UNSCAER, ICRU, IAEA, NEA%: 0 &Mk & DHEREOHE,
FESHZFCOCTETHREL THE(REYVH A5, DCTICRPEIEVES h, —f&IIC @A
AN ETORBUEOCTHHT A LIZT 3,

UNSCEARWHRFFETOMET 2 BEELEFH ORANBHRLYIUEL, My 2 Lo, FHEL T
WMEEL LTRET 2D, RABMELPRELLY, B LILYTAZLRET, ZOLEE
#4770 Y ICRP A L THGEHRIC BT 2 B M P RET 2 2 L 2 HIM & L THREHRED & DfRE,
BERFE) AZIHOCTHMALBREEPREL T 5, ICRURICRP L 5 F FRIRE L & 2 HF
b, CHOERBOMMRCH 2T, KEHROBRBEOY I L CRIZEHIEOKEL Y # L Yk
2TV 5, JAEARETFHOFHR A2 2R R TAZEZHMEL, ECHEBREEA~
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Daily Mineral Intakes for Japanese

Kunio Shiraishi

Division of Radioecology, National Institute of Radiological Sciences
3609 Isozaki, Nakaminato, Ibaraki, 311-12 Japan

ABSTRACT-Recently it became necessary to assess the dietary intake of both stable
and radioactive elements for non-radiation workers. But data of mineral intake in
the literature are not good enough for this assessment. ICRP Pub. 23 in " Refer-
ence Man” is one of the best references in this field. ICRP Reference Man was
selected as the standard for Caucasian by using values reported during early 1970s
or before. Moreover it seems not to be suitable for Japanese (Mongolian),

In this report, analytical methods of minerals in total diet samples for Japanese
were described. Furthermore, daily intakes for Japanese(Reference Japanese Man)
and ICRP Reference Man were compared.

After collected by a duplicate portion study and a model diet study, diet samples
were dry-ashed followed by wet-digestion with a mixture of HNO; and HCIO,.
Diet sample solutions thus prepared were analysed by using atomic absorption
spectrometry(AAS), inductively-coupled plasma atomic-emission spectrometry
(ICP-AES), and inductively-coupled plasma mass spectrometry (ICP-MS),
Matrix effects of major elements (Na, K, P, Ca and Mg) in diet samples were
compensated by a matrix-matching method. About 20 elements were simultane-
ously determined by ICP-AES and ICP-MS, more easily than by AAS.

Most of dietary mineral intakes, except for Na, Mn, and Sr, for Japanese were
lower than those of ICRP Reference Man. But, dietary intakes were found to be
different depending on countries, even among European and American countries.

New representative data for as many elements as possible are necessary now.
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-1 BARADTEFEREL 20K

1 NBSHHF1577DFHTHER
Analytical results for NBS Bovine Liver 15772

Concentration (ug/g dry wt)

Element

Present result* Certified values
P 11340£60 (11000)
K 9890+100 9700160
Na 234018 2340+130
Mg 6042 604+9
Ca 120+8 124+6
Fe 264+4 268+8
Cu 191+2 19310
Zn 128+1 130+13
Mn 9.95+0.09 10.3+1.0
Cd 0.26+0.05 0.27£0.04
Sr 0.14%0.02 0.14)%

* Mean of six determinations.
t Not certified.

R? AFERBERPOTERRBEE LR L= MY v RiEE
Concentration of major elements in dietary sample solution and
those of the standard matrix derived?.

Conc. in sample Conc. of std. matrix

Element - =
HE om H1E cm
Na 2356 £12* 2250
K 837+£73 800
P 462121 450
Ca 274+39 300
Mg 9%6+7 100

* Mean and s. d. for eleven samples.

KE T L= M) v 2 2% AbETHHTAILRRETHHDTC, 273, 1#HDO=FY v
72 (R2, AGH)DREHY, FOREORBO= Y v 2 20K 21350 2RETL T
A, BIEEOREREZFML, InEHWL T, 0.25g ash/25.0ml % FEHERE1.0) L LT
0.5~1.5MEDHBEAORE 2 FTRLL 122, Bl L, RBO= MY v 27 RBEXRER=< LY v 27 R
BEOXAD 61 5ME - LTRIELTAS L, BRI L> TEREIE- REMYHFO L, B
REF L LT, Fe, Mo, ConisR% 57T, Fek v L ¥+ 3ppmr v DREHK, Zn, Mn, Sr,
Culd= bV v 7 2BEOEINA L THSBLUHNODET & { —BL T, SiREHEESTE
B RTORMETSHIZLEDTH 5, iz, MoRAID & 5 LERBREMTHRTHC & 21K
CMEERT LD b D o1z, Co, CAD & 5 L EK10ppb v N DIERIIKD & 5 EREEDOEALH
KE¢, REBFIECI EERLTY5, UL EDEERS b, 1#HDmatrix-matching L 72H&
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E1 BERETO= b ) v 27 BEEELYFe, Mo, CoOZERIZKIETH
Effect of the matrix concentration ratio between samples and standards for
three representative elements

BHPHCT0%HNORBO= } Y v 27 REETIE, KEBSOTLED 5 %BOBRENT LK
B2 Erbolk, X, RIBELNvD R4 2124 2EMERT 2 M 2Co(89%) & Mo(117%)
PEBROCTIS~106% T H - 127,

2 3 1219604E I BER, AL TED 21188 L TICP-AES L AASYIZ & A TR Z R
L7 MBORBEIEE L —FLI. X, CatSrxB{ £LHE Ir=0.80p<0.01) LI LD
CHHBEATERS G 3 EH 6 b, ICP-AESI & 5 2 LRFEFITORERE~ OB NIELFEHAT
a1,
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M—-1 BRADLREFIE L 2 D8

£3 AL SETED LABREE A5 L OEREO B
Comparison of results by ICP-AES with those by AAS for the total
diet samples collected from Sapporo and Kyoto®

Element Daily intake Correlation
ICP-AES AAS coefficient®
Na (g 4.76+0.01* 4.391+0.45* 0.855
K (g) 1.74+0.26 1.63+0.26 0.927
P (g) 1.00+0.12 - -
Ca (g0 0.512+0.058 0.502£0.087** 0.621
Mg (g 0.196+0.026 0.186+0.028 0.965
Fe (mg) 11.5+2.9 11.4£2.8 0.972
Zn (mg) 7.10+£0.82 7.24%+0.76 0.971
Al (mg) 4.88+1.28 4.37+1.10 0.852
Mn (mg) 3.8512.45 3.7510.50 0.811
Sr  (mg) 1.99+0.45 2.101+0.40 0.514
Cu (mg) 1.28+0.34 1.30+0.32 0.945
Ba (mg) 0.43+0.05 - -
Ni (mg) 0.286=x0.009 0.253+0.077 0.934
Mo (mg) 0.161%0.161 0.163+0.039 0.949

Y (mg) 0.003+0.002 - -

» Mean % s. d. for three determinations.
»* By complexometry.
#t-test, p<0.01

R4 v TI5ERLAFUFYARARFOMETLE 1 HIERE
Daily intake of trace elements for an adult male in Los Alamos and
Mito city.

Element Los Alamos Mito City ICRP

Co (ug) 16+10* 5.6+3.0%* 300
Sr (mg) 2.4%0.5 1.3+0.4 1.9
Mo (mg) 0.15+0.08  0.15+0.03 0.3
Cd (ug) 24+15 25+3 150
Cs (ug) 4.2+0.7 5.2+1.5 10

Ba (mg) 0.62£0.19  0.38%0.09 0.75
T1 (zg) 0.38%£0.25 0.48+0.29 1.5
Pb (mg) 0.021+0.008 0.026+0.013 0.44

Bi (ug) 0.76+0.17  0.25%+0.14 20
Th (ug) 0.22+0.1 0.28+0.36 3
U (e 4.7x1.8 0.55%0.60 1.9

*n=6, **xn=9

i, BNICEESHTDO 1oL LT, ICP-MSIZ & 2 EBESITVHBI iz, RO, &kt
ERANREOBRELIFL CTOREREY, BURPRELLEEON T3 DTH 5.ICP-
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AESTHZELYBIZCRRC TR PH I Lo, RELBBORED L OHELREEECI:

», Sub-boilingZRF i & % EHEMEY VT, =4 7 vV = — 74 (CEM Microwave

Digestion System Model MDS-81D) iz & Y iE#AL L 72, FEHIBHAAIIZ3%A5ES, 25.0mlic

##EL, VG PlasmaQuad ICP-MSTH#IZE L7z, EERPHIZEHKF L Los Alamos (U. S.

ADTERLICbOE AT, #RPR4 TR LI ICP-AESIZ i~ TCd, Coll FDIBE O

BEE, Cs, TL Bi REHHTER O Th-232, U-2380 RE Rk 5 2 b 13, HHMET 2, X, ICP
-~AESTEEDE VP b ICP-MSTRBEDN BB TH - AR, MEL TR VF X /4 F

HOWMBILRII S ZOMMEOEMIMEI b TH Y, BEAB~DEEFE 2 TV 5,

2 HEADIRSLIERE

1) EF VRIS 2EHEIN, HINTEREOAE

B4 QERFBEFREDOMBIZET { Total Diet Study®ld, 1oDHEINIHETH 2
H, IRV -(BDNRERIALSTHYDF—XDAT, FBAINOMRAIZBLZ LT
o, CThOEREOMREC S REAVFET0THIE, d-oL b6 LUEFVRDH
izl Y, ERMNOEPTTLADTRECIEAI Y ? BHRLBIEH CEEEBRPEUA
PDotid, ERALLTIARALSERZERLTV2RTTHE, 22T, FRIREDE L
T3, 16, 40, 0P KD 8B, KREMER L L TRE IKKNEDRANOKRBENER, REME
CEGEESEEI 284 L L, BOTERREEREMERTORSRER, BAEEREERERRE
B ERBROREER S — 1 HIORREAEZSE LT, 1H o330, 3AOHEMK
DEL BT, FABEIT -7, UBRORXBMABIZFROEY ThH 5, £ BLIOFINE
ZAEBF (A F) 2 EHEL LTHTRLLZ(RS). KEBAOTHRIZFZ T IR L 16~T70m%

K5 AOOFRE, BRIFIAIITLED 1 HERE

Daily intake of thirteen elements in four age groups”

Age Sex Na K P Ca Mg Fe Zn Mn Al Cu Ba Ni Mo

3 M 0.5 0.66 0.63 0.79 0.61 0.88 0.56 0.52 1.67 0.54 0.75 0.30 0.25
F 0.49 0.53 0.58 0.73 0.50 0.53 0.59 0.41 1.51 0.44 0.56 0.26 0.32
16 M 0.81 095 1.04 1.14 0.98 1.11 1.17 1.52 1.77 1.10 1.12 0.66 1.05
F 0.81 0.78 0.93 1.06 0.85 1.08 1.00 0.96 1.33 1.02 0.78 1.17 0.88
10 M 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
F 111 0.77 0.92 0.91 0.89 1.07 0.71 0.75 0.98 0.75 1.13 0.88 0.50
70 M 0.98 0.78 0.94 0.92 0.91 0.87 0.86 0.95 1.50 0.90 1.00 0.59 0.63
F 0.8 09 0.82 1.23 1.12 1.11 0.71 0.98 1.15 0.74 0.92 0.78 0.84

* Values normalized to 40-year-old males.
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R6 EBFNVBRNELERELRCL ARABFOIILEK 1 HIFRED Hig
A comparison of daily intakes in adult males for thirteen ele-
ments between the model diet study and the duplicate portion

study”

Model diet study Duplicate portion study Ratio*
Element Mean Range Mean Range (%)
Na (g) 4.73  4.03-5.23 4.76  4.19-5.23 99
K (g 2.79  2.43-3.01 2.41  2.02-2.69 116
P (g) 1.20  1.11-1.36 1.20  1.05-1.43 100
Ca (g 0.63 0.51-0.77 0.72  0.55-1.13 88
Mg (g 0.28 0.25-0.30 0.25 0.22-0.26 112
Fe (mg) 7.8 6.9-9.5 11.5 9.3-14.8 68
Zn (mg) 7.9 7.8-8.0 8.9 8.0-10.4 89
Mn (mg) 4.1 3.7-4.4 4.3 3.5-5.4 95
Al (mg) 2.3 1.9-2.9 4.2 2.2-8.1 55
Cu (mg) 1.4 1.1-1.4 1.3 1.1-1.5 108
Ba (mg) 0.42 0.37-0.42 0.48 0.44-0.55 88
Ni (mg) 0.22 0.16-0.29 0.09 0.04-0.13 244

Mo (mg) 0.29 0.23-0.36 0.22  0.19-0.29 132

* Ratio of model diet study to duplicate portion study.

O, RERCERNT S LE L2 6N 5 TREMBOENED 6172, Na bt Znld 37% t 16mEL
LOFERMBALAC b EREICEYEY O W (PFHEDOZEDRE), BREATCI VEEILRT
REOEEVE L NS, REERARCETCHEME L BRI, ERFLRCFCTS
CHBEED b iz, X, EFNVELBEBEOBRABTFOEREO MR TIX(RE), ERST
FKIX16BLNDOEH Y, L-HELERCL VBLIEEVH-> 7, IOKREBEEELE €T
NI OMAADE T, EREREDHEEDTRELYRT LOTH %,

2) FBREIC & 33, FHIOTRE

IR LICHARALSEN A 6, 19814EC 20, RBIEHRIZL - T, RABFOEEZI
gL, 7, eyt aAGiiEY, R/, BE, b5, e, X)), &%, $E, L
MO 60 bl), BT EERE BT 2 &, B, MK, T80 AR RO s
ZIERENE IS, FAR, i, F - MEOBREZ2EPENMESL Y DE» -1z, BEE
12D 12 BA S, RIEFRRDERTH- 2, X, 6, TH LI11,12R CREHRED T b L1
BAFFZOCTE ELADEMBEL B L2 L2 A, Na, Zn, CULINDO RO FEHE Iz T
DEME»E» o, L L, HEHNCREVEL, ZORAMBESPBAEZNEREZTY
BLTOUBLSCHEEINRS, NaDA IZHET, FEHAICENRD L 0Tz,
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Hok kaido

Minami-kyushu

B2 £E3AFMOBFEREONELL 2 DK5
Twelve blocks of Japan and thirty one sampling locations for diet samples.

3 BFREORBECEEAL DL

I THLNIER, LR, 788, kP, 2BARDIAFFTIE - HHLIZLD, =F N
BEC L 50D, RURADOHR AU BEOXIMEZED 2 b D, U ICICRPE#AN 1 H
DOfEEY, RT I LD, #AMECRIGA, Ca, MgD & 5 CHIMERICHA Db H 5
B, L HBELRRBLAEEDLLLRVIITHS, BREL I L CERFRRLIDOBERAL
B 2 MmBMEE, 1T ZLeRRCD Y, BEEOR I RMIEE, AeembOFROM
Bb¥-> T b L 57, ICRPIE L el L 72354, Na, Mn,SrtLIAMIAEL TRCETH 2 2 L
Exb,

B, TRFILL P, ICRP, A RDOXBED T, KE 24 LT 5 8 »EDFNE
FRLI, CORFPRLIBYIZHFCTIX, NaiBEDICRPHEA. g% 81 2HIE £, BAOD
BREPSTFLLEVERE LY, FelzowTh, HEE, 4 v F, OFIE (2Li21960E/0
7F—%)i&, ICRPIEL Y » L VY BETH 5, B3 HEBAL L THRADPFEMELFCKA L
L TOREADOEY %, ICRPME L FEHEIZ L THTRLL, EHF 5K (Na, K, P, Ca, Mg)
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BARADTERTIRE b 2 OFE

RT1 BMABFIZH I 3ICRPEEHBARAD I 4 Fv 1 HIERED g

A comparison of daily intake in adult males between Japanese data and

ICRP data
Element Sapporo Kyoto Japan Mito Model Reference ICRP
1960s 1960 1981 1983 1986 1970- 1975
Na(g) 5.1 4.4 4.5 4.8 4.7 3.0-7.2 4.4
K 1.9 1.5 1.9 2.4 2.8 1.4-3.2 3.3
P 1.1 0.90 0.92 1.2 1.2 0.9-1.2 1.4
Ca 0.49 0.54 0.56 0.72 0.63 0.54-0.71 1.1
Mg 0.21 0.18 0.20 0.25 0.28 0.20-0.30 0.34/0.27
Fe(mg) 13 9.8 - 11 7.8 8-17 16/12
Zn 7.6 6.5 7.1 8.9 7.9 7.8-30 13
Al 5.1 4.6 4.0 4.2 2.3 4.5 45
Mn 3.8 4.0 3.4 4.3 4.1 2.7-8.7 3.7
Sr 2.0 1.9 2.3 2.8 - 1.0 1.9
Rb 2.1 1.6 - - - - 2.2
Cu 1.4 1.1 1.3 1.3 1.4 1.5-3.6 3.5
Ba 0.45 0.41 0.36 0.48 0.42 0.43 0.75
Ni 0.29 0.28 - 0.09 0.22 0.19 0.40
Mo 0.14 0.20 — 0.22 0.29 0.15 0.30
Y 0.0031 0.0028 - 0.0048 - - -

#8 ICRPIEL 9 ¥[EHD AT 1 HIBERE
Comparison of daily mineral intakes among several countries

ICRP Japan (n) UK. USA. Turkey Norway Italy Sweden Germany India
Element 1975 1970— 1960s  1980s 1984 1984 1970s 1980s 1970s  1960s
Na (g) 4.4 4.72+1.19 (8 4.64 4.70 4.34 2.97 - 5.88 4.50 -
K (g) 3.3 2.32+0.48 (9) 2.80 3.45 2.38 2.54 - 2.42 2.40 4.1
Fe (mg) 16 12.2+3.6 (5) 23.3 18.4 16.7  10.1 7.52 - 13.9 394
Zn (mg) 13 9.13+2.5 (12) 14.3 12.8 1.3 7.14 9.8 8.91 1.81 6.1
Rb (mg) 2.2 1.71£0.29 (2) 4.4 - 1.89 1.7 3.78 - 1.9 2.7
Co (ug) 300 5.2 (1 - - 27 73 11 - 17 -
Cr (ug) 150 7252  (2) 320 - 49 29 41 190 62 150
Se (ug) 150 177109 (3) - 102 52 31 22 24 59
Cs (ug) 10 7.5+3.4 (2) 13 — 12 7.3 34 - 13 -
Sc (ug) - - - - 2.2 0.2 0.17 - 1.0

U. K. Hamilton, E. I. (1966), U. S. A. Penninghton, J. A. (1983), Turkey Mumucu, T. et al.
(1988), Norway Bibow, K. (1984), [Italy Rossi, L. C. et al. (1978), Sweden Abdulla, M.
(1986), Germany Schelenz, R. (1977), India Soman, S. D. et al. (1969),

122w TIZICRP, 3%[E,

AAIIIEEM L 5 AT DH 525, L - BERDTE, ICRPOIE

128 b= T, EE, HARL LIRS EEND B, AlizHov T, ICRPEEWEEZEBATH Y
(R12BH), COMILOCTRIBREES L ans LERS, RITEREOEEOBEE ML h
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Concentration and Distribution of Elements in Organs and Tissues

Masae Yukawa

Division of Environmental Health, National Institute of Radiological Sciences,
4-9-1 Anagawa, Chiba-shi, 260 Japan

ABSTRACT -Distribution of radioactive nuclides in human body is one of the most
important factors to estimate the radiation dose to human being. As the study
using radionuclides is normally limited in human, it is quite useful to get informa-
tion about distribution and concentration of their stable nuclides. In this study,
neutron activation analysis (NAA) and particle induced X-ray emission analysis
(PIXE) were applied to determination of stable elements in various human tissues
and organs of 25 normal male Japanese. Both of these techniques can analyze
many elements simultaneously and non-destructively with high sensitivity. Distri-
bution of Br, Ca, Cr, Cu, Fe, Mg, Mn, I, Rb, Se and Zn in human body was shown
as geometrical means of concentrations of these elements in 21 tissues and
organs.

The PIXE analysis has also a microbeam scanning characteristic which makes
it possible to research a very small area continuously without sepraration of a
sample into many small pieces. Using this characteristic, distribution of trace
elements in kindney, cerebrum and bone were investigated in the microscopic
view. The results obtained in this study are discussed in reference to the specific

distributions and concentrations of various elements in human body.
1 FL®HIC

ARIZEY A & IO BGHEREIC & 2 BIRERERHME IR L T, ZDURTOFERL SR
DERSIDCIBHEMTH 5, Ly LLH 6, EROANE~DRGFHEZEOM AL L LS
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Cu, Br, I, Ti, Cr, Fe, Co, Zn, Se, Rb, Cs, Sr, Sc, SbhTh 5,
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-2 THROBEHEBNIEE LS

g1 hEFRIHMLAITEEC & 2 TESITCHC S NS

Number of organs used for Neutron Activation Analysis of each element.

ELEMENT

Mg Ca Mn Cu Br Cr Fe Co Zn Se Rb
ORGAN
LIVER 24 24 24 24 24 15 25 15 15 15 15
REN-CORTEX 12 12 20 21 21 14 15 14 15 17 17
KID-MEDULL 22 22 22 22 22 15 16 15 16 15 15
LUNG-APEX 22 21 19 20 21 16 16 16 16 15 15
LUNG-LOBE 23 21 23 21 23 14 14 14 14 13 13
RIB 32 36 36 36 36 23 25 23 27 20 20
PANCREAS 25 23 25 25 25 15 15 15 15 16 16
SPLEEN 25 24 25 25 26 17 17 17 17 17 17
TESTICLE 9 8 10 10 10 7 7 7 7 7 7
THYROID 12 12 12 12 8 8 8 8 8 8 8
PAR-GLAND 5 8 8 8 8 4 4 4 4 4 4
ADR-GLAND 13 13 13 13 13 8 8 8 8 8 8
AORTA 15 14 15 15 15 7 7 7 7 8 8
CEREBRUM 15 14 14 14 14 8 8 8 8 8 8
CEREBELLUM 13 13 13 13 13 8 8 8 8 8 8
STOMACH 17 17 17 17 17 12 12 12 12 12 12
S-INTEST 20 20 20 20 20 10 10 10 9 10 10
L-INTEST 17 17 17 17 17 10 10 10 10 10 10
HEART 23 23 23 22 23 13 13 13 13 13 13
SKIN 22 22 22 22 22 11 11 11 11 12 12

REN-CORTEX ; RENAL CORTEX, KID-MEDULL ; KIDNEY MEDULLA,
PAR-GLAND ; PAROTID GLAND, ADR-GLAND ; ADRENAL GLAND,
S-INTEST ; SMALL INTESTINE, L-INTEST ; LARGE INTESTINE,

BB TOETREE 2O TF— X OIE, HMPYE, S hrEeki, &
HANLTED I b, BIZARB O > TRESRLETERIEISCT, ZDREOHMFEE
PRRBORSBEET, WbHENSHE L TR RLI

Briz KBk - £ ¢, BF, B8, BE BRIR, DMESETAOLeZ Ebb ol Cald, MED
REKBIRTEBETH 3, FCIRIBOBER CHSTRIBETH - 2. Coldhf, LEHIZ£L,
B IRD e wd, HEBNSRBICH— I HFEL TV 5, CriFEIEIC 2L, KK, K
Wk, BRI Z0, CuldiF, SR, MR, AW, O£, BEcRdEEcb e, Feldli
LIRS £, BRI R Z e, MgldihE L RIS 20 - 72, Mo, BOfICRERE
RREhot, NIELA EDPFRICH Y, OBRTIMEBETH - 72, ROAF LRI E
Do lz. SeldBIE, Bk, KB £<, ME, K BTFRCDL»o0 Znidhh, B, B
B, B PRERCEL, BFTER, RBCSL»o0

INGORER, SESOETMELTEL (XL TEY, E¥HRADEARESHITRR
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Metabolism of Elements in Japanese

Masafumi Uchiyama

Risk Analysis Unit, National Institute of Radiological Sciences
4-9-1 Anagawa, Chiba-shi, 260 Japan

ABSTRACT-The metabolism of cesium and iodine in Japanese is reviewed regarding
with assessing the internal dose from their radioisotopes.

Cesium : A two-component model can depict the time-relating retention in the
whole-body. The half-time in adult male is shorter for Japanese than for the ICRP
Reference Man. The half-time is shorter in woman and shortest in infants. The
difference in half-time between Japanese and Caucasian becomes larger with
aging. The half-time is successfully related with other biological parameters. A
use of the estimation model for biological half-time by Cryer and Baverstock is
recommendable for Japanese. The cesium half-time has a wide difference as much
as 3 times among individuals even within the limited sexual and age-group.

Iodine : ICRP recommended a model of iodine for Reference Man. However,
uptake of iodine in thyroid depends on the concentration of iodine in blood in the
same way as with the half-time. It is indicated that concentration of thyroxine in
blood is kept constant when thyroid has an extraordinary amount of iodine supply.
The amount of stable iodine in thyroid indicated no difference between Japanese
and Caucasian. Considering these characteristic conditions for Japanese, a model
was established in which another route for the release of inorganic iodine from
thyroid is included beside those assumed in the ICRP model. The estimated half-
time agreed with the observed values in Japanese who were administered iodine-
131. The observed smaller uptake of iodine in thyroid for Japanese was also well

explained. The uptake begins around 13 weeks after conception and increases
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with age upto the time of delivery. The rate of metabolism in newborn is 3 times

higher than in adult. The biological half-time in thyroid increases with age.
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Modifying Factors for Metabolic Parameters

Jiro Inaba

Division of Environmental Health, National Institute of Radiological Sciences
4-9-1 Anagawa, Chiba-shi, 260 Japan

ABSTRACT — Studies on factors which influence the metabolic parameter for calcu-
lation of radiation doses from intakes of radionuclides are very important for
estimation of the doses for the general public, because the present procedures
recommended by the International Commission on Radiological Protection is for
occupationally exposed workers and the underlying metabolic and dosimetric
models have been developed from studies on adult man and experiments on adult
animals and from observations on radionuclides in physico-chemically simple
form.

Many factors have been reported to influence the matabolic parameters. Among
them, the food-chain involvement of radionuclides and the age-dependence in
humans and animals are most significant as environmental and physiological
factor, respectively. In connection with the age-dependence of dose calculation,
the ICRP started a new programme. They orgaganized a Task Group on Age-
Dependent Dose-Factors where relevant information on metabolic and biokinetic
parameters are presently being reviewed for development of a set of dose factors
for the following age-groups: infant, 1-year-old, 5-year-old, 10-year-old, 15-
year-old, and ICRP Reference Man. The first stage of the work is for age-
dependent integrated organ and effective dose factors for radioisotopes of the
following elements: hydrogen, carbon, iodine, caesium, strontium, plutonium and

americium.
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K1 M) FY2KOROBRZOHERIARE (1 BaiERE0R E TOR Y 2 RELE)
INGESTION DOSE FACTORS (DOSE EQUIVALENT (Sv Bq) TO AGE 70 YEARY)
FOR TRITIATED WATER (*H)

AGE AT INTAKE 3 MONTHS 1 YEAR 5 YEARS 10 YEARS 15YEARS ADULT
ADRENALS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
BLADDER WALL 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
BONE SURFACES 8.6E-11 5.0E-11 3.5E-11 2.4E-11 2.6E-11 2.1E-11
BRAIN 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
BREAST 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
GI-TRACT 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
ST WALL 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
SI WALL 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
ULI WALL 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
LLI WALL 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
KIDNEYS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
LIVER 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
LUNGS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
OVARIES 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
PANCREAS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
RED MARROW 1.4E-10 6.1E-11 3.8E-11 2.6E-11 2.7E-11 2.2E-11
SKIN 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
SPLEEN 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
TESTES 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
THYMUS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
THYROID 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
UTERUS 7.0E-11 4.1E-11 3.1E-11 2.1E-11 2.2E-11 1.8E-11
EFFECTIVE
DOSE EQUIVALENT 7.9E-11 4.4E-11 3.2E-11 2.2E-11 2.3E-11 1.8E-11
GI-TRACT GASTRO INTESTINAL TRACT
ST STOMACH
SI SMALL INTESTINE
ULI UPPER LARGE INTESTINE
LLI LOWER LARGE INTESTINE
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K2 AREA Y F UL ORNFEEROMERERE (1 BaFRRT0®  TioZ Y 2 RELE)
INGESTION DOSE FACTORS (DOSE EQUIVALENT (Sv Bq) TO AGE 70 YEARS)
FOR ORGANICALLY BOUND TRITIUM

AGE AT INTAKE 3 MONTHS 1 YEAR 5 YEARS 10 YEARS 15 YEARS ADULT
ADRENALS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
BLADDER WALL 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
BONE SURFACES 2.1E-10  1.3E-10 7.1E-11 5.6E-11 6.0E-11 4.8E-11
BRAIN 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
BREAST 1.7E-10 1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
GI-TRACT 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
ST WALL 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
SI WALL 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
ULI WALL 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
LLI WALL 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
KIDNEYS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
LIVER 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
LUNGS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
OVARIES 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
PANCREAS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
RED MARROW 3.3E-10 1.6E-10 7.6E-11 6.0E-11 6.3E-11 4.9E-11
SKIN 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
SPLEEN 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
TESTES 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
THYMUS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
THYROID 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
UTERUS 1.7E-10  1.1E-10 6.2E-11 4.9E-11 4.9E-11 4.0E-11
EFFECTIVE
DOSE EQUIVALENT 1.9E-10  1.1E-10 6.4E-11 5.1E-11 5.1E-11 4.1E-11
GI-TRACT GASTRO INTESTINAL TRACT
ST STOMACH
SI SMALL INTESTINE
ULIL UPPER LARGE INTESTINE
LLI LOWER LARGE INTESTINE
EbYIC
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Food Consumption in Japan

Misako Sumiya

Division of Radioecology, National Institute of Radiological Sciences
3609 Isozaki, Nakaminato, Ibaraki, 311-12 Japan

ABSTRACT-This paper presents some characteristic features of food consumption
in Japan. Recent survey shows that the average daily food consumption, on a fresh
weight bases, of Japanese is 1.3-1.4kg per person. A marked charactristic on food
consumption of Asian countries, including Japan, is the large dependency on
agricultural products amounting to about 60% of the total food consumption.
Contrary to this, western countries were observed to depend 60% of their food
consumption from livestock, and only 309% from agricultural products.

The Ministry of Welfare of Japan conducted a nationwide food consumption
survey, a year after the end of World War II, and has since then carried out
similar surveys annually. Those surveys present the average daily consumption of
foods which were classified into 89 categories, and describe the year by year
variation in food consumption. Local food consumption survey conducted at the
Ibaraki Prefecture (Sumiya et al), and survey conducted at the Aomori Prefecture
(Japan N. U. S. Company), were compared with the recent nationwide survey.

This paper also presents food consumption of infants and children from the local

surveys.
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(2) EEVOHMEIAIZ, BREEDIKFEMITH Y, BEMITEZCRAIZIEL Lo Tl
5. (3)REMOHBREA, 19vEFHEL 2, bLACHBRE» S5 L, BA, ®E,
TUR—I0ENEN]1 AL1ELD69.8ke, 42.3ke, 32.6kgt £, KEWSKIEBEL -
Twb, ZOMDERIZFELI ALY 20kgLA FTH 2T, RV 2—FY, 750 R, #5 4,
AXY 2% b 20keilL { D/REMERZRL, KEWCEL TR, BECELCEL TOWER
Z20L5ThHAB,

®£1 SEBRMHERChHD 3 ZEREROEA
Proportion of Agricultural. Livestock and Aquatic
Products Supply in Different Countries.

H 4 BERHEEHER L LD 8 BIA (%)
Bt | B | KEW | 20

1. AV =—=FV 33.2 57.9 2.4 6.5
2, Fr=—2 30.9 57.1 4.0 8.0
3. A7 & 40.7 50.0 1.8 7.3
4, A4 A 37.4 56.0 0.6 6.0
5. BFA Y 44.3 47.2 0.8 7.8
6. 1¥Y R 40.9 49.8 2.0 7.4
7. 7TXA) A8%KE 37.9 48.7 1.0 12.4
8. h+& 40.9 50.5 0.9 7.7
9., =a—Y—=3 F | 39.2 55.1 0.6 5.0
10, 25> A 39.3 52.6 1.9 6.2
11, 4%2)7 48.8 43.7 1.3 6.3
12, 7vErFr 49.7 42.5 0.7 7.2
13, 799n 65.8 21.0 1.3 12.1
14, HAE 59.5 21.5 12.4 6.7
15, ®E 85.3 5.4 6.6 2.7
16, #HEH 90.6 6.9 0.9 1.6
17, %z &> 61.8 22.8 0.5 14.9
18, 41 ¥ F 81.2 1.1 0.8 6.9
19, AYFAY7 89.8 2.1 3.0 5.1

ERFEREENFERERI AL B Y ) fHaarof—
194 » 5t
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— B EREE R EEDONEEY (Z20ES U E» L S CILBERTH2) BIEIL Y b £,
7V7 ZERRIEYMOHETAYEEMOHRES L Y 2L b 20 (3 ~BHE) OVRRET D
3, ZOBRTRAARAORSIEROMERILT 7R E v 2 59, EEDOHEELIAY, 7
TEEOPTREZCLEVIEDP GRS L, BREEIETE22DE7 V7MLV,

BEITE, HRACHULHMARMMBE(IALIBLY Y DRRER2IIRLTH,

R2 EHE1A-1HLYEMAR
Year to Year Change of Average Daily Food Supply for Japanese.

Rl wH B WBRISTHEE| 58 59 60 61 |HH| wHB IBFIST4EREE| 58 59 60 61
1, %3 301.3 | 297.9 | 297.7 | 295.6 | 292.3 |10, fairi 91.5| 95.2 | 97.3( 98.1 | 99.5
a, X 209.4 | 206.9 | 206.2 | 204.3 | 201.1 | a. ZEfE - duE 33.7 | 35.3| 38.3| 39.0| 39.0
(205.0) {(201.8) [(201.1) | (199.2) | (195.6) | b F. (A Y. 201 53.8 | 55.7 | 54.7 | 55.0 [ 56.0
b, % 87.2 | 8.8 | 87.1| 8.9 | 8.4 | c. »AE 4.0 4.3 4.4 4.2 4.4
c. K% 1.2 0.8 0.8 0.8 0.8 | d. ek 0.0 0.0 0.0 0.0 0.0
d. ®E 0.5 0.4 0.4 0.3 0.3 |11, ¥ 3.3 3.6 3.8 3.6 4.0
e. L34nH2ZL 1.6 1.7 1.7 1.8 2.1 |12, ®bkEMH 61.4 | 59.1 | 58.3| 58.7 | 57.6
f. 239%A 0.0 0.0 0.0 0.0 0.0 | a Hi%E 0.0 0.0 0.0 0.0 0.0
2. ZDhOPE 1.4 1.3 1.5 1.5 1.6 | b, #kE 60.4 | 58.1| 57.3| 57.7 | 56.5
2. CbEE 49.6 | 49.2 | 48.4 | 51.0 | 53.9| c. &AM 0.6 0.6 0.7 0.7 0.6
a, ALL 1.2 | 11.3 | 11.8| 13.1| 12.6 | d. #ia—> 0.4 0.4 0.3 0.4 0.5
b, Whoel i 38.4 | 37.9| 36.6 | 37.9 | 41.3 {13, ihAES 36.5 | 36.9| 38.0| 38.7 | 39.8
3. Thkh 33.9 | 37.2 | 38.4 | 38.5( 39.2| a fEtmihig 30.0 | 30.5| 31.1] 31.9| 32.9
4. BH 23.2 | 24.1 | 24.5| 24.7| 25.2 7. KHih 12.3 | 12.7 | 13.0 | 12.7| 12.6
a, K& 1541 15.9| 16.5| 16.5 | 16.8 1. ¥ 9.5 9.3 | 10.1| 10.8} 11.3
b, zOMDER 7.8 8.2 8.0 8.1 8.4 v, Lk 0.8 0.9 0.6 0.5 0.5
5, ¥ 306.7 | 294.1 | 302.2 | 296.8 | 300.7 I, 20t 7.4 7.6 7.5 7.9 8.4
a, KRB AFFE 31.7 | 30.8 | 31.7 | 3L.7 | 32.0| b, &hwihig 6.6 6.4 6.8 6.9 6.9
b. Z DOHHE 275.0 | 263.3 | 270.5 | 265.1 | 268.8 7. & - 2.5 2.5 2.6 2.5 2.4
6. RE 108.1 | 108.1 | 94.6 | 100.7 | 101.6 4. g 1.3 1.4 1.3 1.2 1.1
a, AhA 39.3 | 38.4| 29.0| 31.9| 28.0 V. Db 2.7 2.5 3.0 3.1 3.5
b, hAZ 16.3 | 18.2| 14.2| 16.2 | 17.3 |14, A% 16.0 | 15.5 | 15.3 | 14.8 | 14.7
c. tDHDRE 52.5 | 51.5| 51.5| 52.6 | 56.3 {15, Ls5w 29.0 | 28.4 | 27.9| 27.4| 275
7. R 63.9 1 65.1| 66.5 | 68.8 | 71.8 |16, ZDfhfREt 7.3 7.6 8.0 8.0 8.4
a, % 10.8 | 11.4| 11.8] 12.0 | 12.6 5 ¥OIE 3.6 3.8 4.2 4.3 4.6
b, B 26.1| 26.3| 26.5| 28.2| 29.2 |17, & @t
c. iZhtb 22.7| 23.5| 245 25.0 | 26.8| FE 306.7 | 294.1 302.2 296.8 300.7
d. Z2DOn 3.4 3.0 3.0 2.9 2.7 |m 1. REM 91.1 | 88.4 93.1 8.8 90.6
e, ff 0.9 0.9 0.8 0.7 0.4 5 b REMFFE 19.0  18.0 18.3 17.5 17.9
8. B 39.9 | 39.9| 40.6| 40.8 | 43.0 |02, mEiem 129.2 | 123.0 125.3 125.4 125.7
9. FHRCILBS 181.0 | 183.3 | 186.5 | 183.9 | 185.8 3. HER 86.4 | 82.7 83.8 82.6 844
a, REARAH 1.2 1.2 1.2 1.2 1.2 | (3#)#EH 162.8 | 165.2 161.5 169.6 171.7
b. #kHaEy 97.1 | 96.7| 97.6 | 9.5 | 96.8
c. FLBLGmEIY 82.7| 8.4 | 87.7| 80.1 | 87.8
7. 2ghAl 1.3 1.2 1.3 1.1 1.1
4. BilghAFL 0.5 0.4 0.3 0.3 0.3
. 2MEHIL 0.8 0.8 0.8 0.8 0.7
. BRERIL 3.8 4.1 4.1 4.1| 4.0
4. HRARIL 1.1 1.1 1.0 1.1 1.0
A, F—RX 2.0 2.1 2.3 2.2 2.5
¥, - 1.7 1.7 1.8 1.8 1.8
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? FERSTEDOAKREDHEDS

BME B THRT 2 XOBBELER, 1850RREKYSMERT 5D H b FMY
BohFETH2, thk, BEFRNTERRLIZBATY, ~—r v Y27y P HFRTHRIL
12 DERZROSTE» GHET 2L 3 LH{ATE, 2L LL ZO0REVENETH 20D,
BMARTHLODEM-> THL ILPRETHS, HBEEWOBALER, KA LK
EFP, rBroOBITOREBYRECLELONEPLTH S, X, Fz v/ 74V ETFH
ROBED & 52, BARZETRYY 6 KEHEWEPRILS NICHAOBR LM T 2F2 b,
HELNIRA—RIR->T 5, 2he, BEMIORTLOLLT, FEREYMOBKBROH
BUBET aHaHAEZRI CARL, SHERCKRE) LAXOBREITBIFIECC LY LY 5,

RI FEEEEVOABRROWY
Year to Year Change of self-supply Ratio for Main Agricultural and Daily Products.

3540 | 404 R | 459 | 509 | 554U | 64N | STARNE | 584 | 9% | 604 %@g

* 102 | 9 | 106 | 110 | s | 92 | 93 | 94 | 109 | 107 | 108
g 39 | 28 9 4 10 | 10| 12 | n 12 14 14

| um 4 | 2 13 9 7 7 9 7 9 8 8
5 | 9 bRY 28 1 1 4 4 5 5 4 5 5 5
| 100 | 100 | 99 | 9 | 97 | 97 | 9 | 9 95 | 9 | 95
USRS 100 | 9 | 84 | 8¢ | 8 | 77 | 79 | 81 | | 7
o | B 101 | 100 | 97 | 97 | 98 | 97 | 98 | 8 99 | 98 | o7
B | 470 - L 89 86 89 82 | 86 84 85 86 86 89 86
Bl wmeweno | o | 90 | s | 7 | 8 | s | 8 80 | 8 | 81 78
5 b4y 9% | 9 | % | s | 72 | B | n 70 7| 7| 6
230 9% | 100 | 9 | 8 | 87 | s | 87 | 85 84 | 86 | 82

o 18 | 30 | 23| 16 | 20 | 8 | 3 30 32 | 33 | 33

BERFEBR OBME3EEM)

3 ER1AITHYYOEGEIFERE(COWT

BB ILE 2 RERREHHAE LI RED S, BRORBRIALLHTET 2HNT, BFES
HEREBHAELPERL, [EEFREOIKO L L THAEERELPAELTE TV 2, #HERECN
St L iR, ARNHEFEOMCMEI»EEI N TY 557, RERBFEIIAL, 2E» 6
700014 280, EET 2 SHEORIZLEATAHFRTERS LT 5, £iHE, HHEE
B, HuRT v v 2B, KHEERANL ERRR L2 bTiTbnT v 3%, ®a 12, 2EF L Ui
WERNRERHIERE (BH60ERERR) 2RI, X, FEFAEHER» L, BT ey 2
FIOBFRERZRS IIRT, R CHOT, BEREVRL ZVCOREL, &P L0DQ,
FEITay (17 0y Z73HRHE, U7 vy 2R 20MIZFTTHE)T, 20ERBLZ
80gTH» 12, It s, M7 v v 7 FIRIEOLRFR, ERKEOFRIBM6IFEMILIRILH
Bantoled, EEARBEERBBFEMSERER EZTUEATTSE 5,
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Average Daily Intake of Foods by Categories in Japan. (Occupational Differences)
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R5—1 AIHIERE(2E, HHFERN)
Average Daily Intake of Foods by Categories in Japan. (Occupational Differences)

1A1HAY(p)

REBER JipdE | HCGE ) BIRCI | POECID ) LBE | WiE | ESEI (RSN hE | MOE |HEhM | B

RE 1,332.4]1,399.7{1,368.0|1,355.9(1,368.8|1,328.8{1,319.9/|1,428.2!1,324.4|1,331.5(1,295.8(1,271.4
RS 334.3| 305.2| 327.6| 313.7| 291.9] 309.6/ 332.2| 328.9| 330.0| 314.9| 330.9] 318.4
TR 986.3|1,081.8{1,027.5(1,026.2(1,062.0(1,006.3| 976.4|1,079.8] 979.8{1,004.0| 949.7| 934.8
B 306.7| 321.2| 306.4] 311.5| 319.9| 304.8 310.3] 320.6] 302.6| 319.0( 304.1f 285.7
ES 215.5) 244.7) 203.2| 215.6( 242.8 218.5| 204.6( 226.8) 209.2] 225.8] 214.2] 208.0
X 210.5| 239.2) 197.6| 209.4| 236.9| 213.8| 200.1| 222.9| 204.8] 220.3| 211.7| 205.2
KINL& 4.9 5.3 5.5 6.1 5.7 4.5 4.4 3.9 4.2 5.4 2.3 2.8
RE 0.2 1.1 0.6 0.7 0.3 0.5 0.3 0.4 0.4 0.8 1.0 1.0
N 90.2; 74.6{ 101.5| 94.5{ 76.6| 84.4| 104.8) 92.7{ 92.1| 91.4| 87.8 75.4
MR 4.6 5.9 7.1 6.1 5.1 5.3 6.3 5.7 6.3 5.4 5.4 5.7
a4 42.00 29.1| 46.2| 41.2| 38.2| 41.4| 51.7| 47.2| 45.8] 39.0| 39.8] 39.4
g 6.1 4.4 4.9 4.7 5.2 4.9 6.7 5.8 5.3 8.5 5.4 3.6
EDA, RTHA 27.6{ 26.5( 34.7) 34.4] 21.7| 26.4) 34.1] 28.7/ 30.2{ 31.5( 29.9/ 19.7
EHA, =Hn= 6.7 5.8 5.6 5.4 4.2 4.1 3.8 2.8 3.0 3.8 5.1 4.8
B A 3.2 3.0 2.9 2.8 2.3 2.4 2.2 2.6 1.5 3.1 2.2 2.1

Z DfLOFEME 0.7 0.7 1.0 0.7 0.2 1.5 0.6 0.7 1.0 1.0 1.1 1.3
HEM 1.1 1.1 1.5 1.3 0.9 1.8 1.6 1.1 1.3 1.0 2.4 1.1
R ¥ 1 61.3[ 72.21 60.6) 70.8/ 70.6) 63.6] 56.9] 59.3] 62.1] 67.3] 61.7] 52.5
3o} 7.7 11.9] 10.4] 10.5 8.1 10.8 9.5| 10.7} 11.5| 13.9] 13.1] 10.2
Cedvh 31.8( 28.3| 25.3| 28.3| 30.9] 22.1] 27.0| 25.6| 25.9| 21.7| 22.7| 21.2
ZDHO-b 10.7) 17.9) 12.6] 16.8 18.0;f 18.1 8.41 12.6( 12.6/ 16.9{ 13.0f 13.3
© Y EMIA 1.1 14.1 12.2| 15.2| 13.6| 12.6] 12.0{ 11.0] 12.0f 14.8] 12.8 7.7
WHER 9.8/ 10.8| 10.8] 10.5 9.5 11.6{ 11.5; 11.8| 12.9| 13.6/ 11.7| 10.2
o 9.3 10.5 9.9 .9.8 9.0 11.2| 10.9] 11.4] 12.4| 13.2| 11.1 9.8
PR | 0.6 0.3 0.9 0.7 0.4 0.4 0.6 0.5 0.6 0.4 0.6 0.4
ETHE 19.3) 22.9] 24.4f 22.4| 24.7] 24.5| 22.6/ 20.3] 19.7| 23.9] 21.6] 16.9
B 0.4 0.4 0.4 0.4 1.1 0.5 0.6 0.7 0.5 0.7 0.5 0.4
¥ ARCE 1.8 3.4 3.1 2.7 3.0 2.9 2.2 2.1 1.7 1.6 1.6 1.3
HRATT7, r—%¥ 3.8 3.8 4.5 3.6 4.9 4.3 4.8 3.3 3.8 7.1 3.4 3.2
ATy M 2.1 1.3 1.7 1.1 1.7 1.9 2.5 2.2 1.2 2.0 2.3 1.2
2 DMOREFH 11.1]  13.9} 14.7| 4.5 14.0| 14.9y 125 12.0| 12.4| 12.6] 13.8/ 10.8
e 17.3) 17.9] 20.6( 17.9| 15.3| 15.8| 17.8f 15.0| 17.8] 14.2| 16.4] 18.2
IR — 1.6 0.6 1.7 0.9 0.9 1.1 1.5 1.4 1.3 0.9 1.1 0.7
-—FY v 1.5 0.7 2.0 1.3 1.3 1.4 2.5 2.2 2.0 1.4 1.3 1.4
it 10.2| 11.7{ 11.8) 10.5 9.1 9.1 9.7 8.6] 10.3 8.2 9.4] 11.8
B 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2
3 A3— X 4.0 4.7 4.9 5.0 3.9 4.0 4.0 2.6 4.1 3.6 4.5 4.1
5k 66.0{ 85.9( 62.1| 73.1f 70.2{ 64.7| 58.1] 55.0| 66.8 63.7] 66.3] 76.1
KE, KE#& 64.3| 83.2| 59.8) 70.5| 67.7| 62.2) 56.2) 52.1) 64.7| 61.2| 64.3] 75.4
R 20.0( 21.3{ 15.4 17.4| 18.2| 16.8 11.5{ 11.2 12.2( 13.4| 16.2} 20.5
13 28.9| 43.6| 30.5| 37.00 29.7) 31.2| 31.6] 30.0| 41.4| 37.7| 34.8) 43.5
HEEmMIE 5.1 6.2 7.1 6.9 12.4 7.5 8.9 7.9 7.2 6.8 8.7 6.3
K&, 0 10.2| 12.0 6.8 9.1 7.4 6.6 4.2 3.0 4.0 3.3 4.5 5.1
DD EMR 1.7 2.7 2.2 2.6 2.6 2.5 1.9 2.8 2.0 2.5 2.0 0.8
REH 154.9] 140.9| 149.9( 142.2| 132.5( 140.4| 133.8| 138.9| 137.6| 148.1| 128.5| 130.7
HHimsE 42.4| 42.0| 62.9] 54.3| 56.11 57.5] 61.0| 71.9| 59.1| 76.4] 69.7] 69.4
VAT 39.3| 41.6 30.8) 33.2) 24.4| 26.2| 22.8) 25.2| 24.3] 25.3] 23.6] 24.2
Ak 2.1 2.6 5.4 5.3 4.7 5.3 5.3 5.9 6.2 6.6 5.9 3.8
who 0.2 0.2 0.3 0.3 0.2 0.8 0.3 0.1 0.4 0.6 0.1 0.2
2 DHDORE 60.3) 49.7) 42.4] 43.9] 43.5| 47.1] 38.7) 31.1] 41.4] 34.2) 25.5| 29.3
Fit 10.6 4.8 8.2 5.3 3.6 3.5 5.6 4.7 6.2 4.9 3.6 3.9

HE 16047 [E R AR i

102



IV BAKBIT2AROENE

RE—2 RKIPIIEREGE T 0 v 7 5)
Average Daily Intake of Foods by Categories in Japan. (Occupational Differences)
1A1H%bH(g)

BSABER dbiiE | WAL | BRI | BRI | ALRE | Wil GRS I |GERI | pE | ME | A | E
BREFE 59.5| 73.3| 79.4| 75.6| 63.4] 7470 73.3 68.5 70.0f 76.0| 66.6 88.0
LA LA 14.1) 16.1) 15.3f 17.3| 17.3| 15.2| 13.9] 14.6( 14.8 13.7( 13.2| 18.4
35 hAR 13.2| 21.6| 23.3| 28.3| 17.5| 25.4| 20.5| 24.1] 20.4] 23.2|] 17.6| 20.3
¥—= 3.4 2.4 3.8 3.3 2.8 3.5 3.3 3.1 4.1 2.8 3.5 4.3
b= b 5.9 5.1} 12.0 8.8 5.3 8.6 7.1 4.9 6.2 5.6 8.4 13.7

2 Dft 22.9] 28.1] 25.00 17.9] 20.4 21.9| 28.5| 21.9] 24.5| 30.8 23.9| 31.4
Z DILDF R 172.2¢ 211.8| 181.2{ 195.8| 210.8] 169.1| 157.5| 164.2] 169.3| 160.4; 167.3| 164.2
KiR 34.4| 53.9| 31.2| 40.4| 54.4| 37.7| 30.3] 36.4] 35.5| 38.3( 31.2] 35.7
Ehy 21.8| 19.6f 21.3| 21.1| 19.8 20.4| 24.7( 26.9| 23.4| 21.4 25.4] 18.3
oo 20.2( 22.0/ 23.6{ 21.5] 20.2( 20.9( 21.6f 18.8) 21.3; 19.1] 20.5] 25.3
s®ih 7.2 6.4 12.2 11.4 9.4] 10.3 9.5 7.0 9.3 9.8] 11.2[ 12.6
Z{aw 15.0f 24.3| 16.2] 22.1} 25.0) 21.4] 23.7 30.9] 22.7| 22.5| 21.4| 19.1
Z DD FFE 37.3| 47.7| 48.6] 46.0| 51.8 39.0| 32.6/ 27.1] 43.1] 33.3( 37.3] 38.6
EHOU O 18.9f 20.0f 13.2[ 18.5{ 15.1 6.2 6.5 6.4 6.3 6.9] 10.2 6.7
1 HA, 2D b D| 17.3] 18.0 14.9] 14.9] 15.2[ 13.3 8.6/ 10.9 7.7 9.1 10.2 7.8
EXONE - | 8.3 15.4 9.9 9.7 9.0 8.8 8.4 10.8] 10.6 9.6 7.0 6.8
BRI 5.2 7.5 6.4 6.1 5.7 5.7 4.4 4.2 4.9 4.1 5.4 4.4
FELReE AR 106.3| 101.5{ 116.1| 90.4| 130.4| 122.0 121.9| 211.6| 105.7| 104.1| 91.9] 80.8
Li5w 20.9) 25.8) 21.1| 23.3| 21.4| 20.4] 18.1| 16.4| 21.0| 21.3| 22.0| 18.6

v — 2% 3.0 2.7 5.0 3.6 3.0 3.7 4.9 3.9 4.0 3.0 3.7 2.7
B 1.9 1.6 1.3 1.2 2.1 1.1 1.4 1.1 1.6 1.7 1.8 1.8
BAE 16.8| 24.4 18.4( 19.4| 30.0| 20.2| 18.3f 19.4 21.5| 21.7] 13.9 4.5
- 26.8( 13.00 35.1| 18.3{ 17.3| 23.91 45.3| 36.3| 26.4] 28.7| 21.5( 19.0
Bl 2Dt 11.6 4.7 6.3 4.5 1.6 2.9 4.3 1.3 3.2 6.3 9.3 16.2
Z DD uELTARE 26.1) 29.4; 29.0] 20.1| 55.1| 49.7| 29.6] 133.1] 28.1] 21.4] 19.8] 18.1
b 97.0| 102.3( 85.1f 90.5| 95.0/ 89.6] 85.6] 85.6] 92.6/ 92.2| 94.9| 78.5
% 45.4| 47.9] 34.8| 38.3| 45.9| 38.4| 355 34.1] 44.4] 41.8] 44.4; 38.9
ERNY 4.2 6.6 8.0 10.1 5.7 10.3 3.3 4.4 2.5 4.9 2.2 4.0
ze, hoel 8.4 10.9 6.5 5.2| 12.3 5.0 7.4 4.7 9.1 7.1 9.3 6.0
HL, 0bLE 7.2 13.2 9.4f 10.8 10.9] 10.4 9.6] 11.5¢ 13.9] 11.9] 14.6f 13.4
3, 27 11.2 7.4 2.9 6.0 4.2 2.3 1.7 0.4 0.8 0.7 0.7 1.4

2 ODER 14.4 9.9 8.0 6.3 12.8( 10.5 13.5| 13.2| 18.0f 17.3( 17.6] 14.1
v, 2, »lC 12.0| 13.4| 12.5| 12.2| 12.6] 13.1] 13.6| 11.2| 15.0| 13.4] 12.3] 13.5
3¢ 4.7 5.7 5.2 4.4 2.6 4.7 4.3 2.3 3.9 3.3 3.8 2.4
B (R 11.3] 1.5 6.8 9.0 11.2 4.3 6.6 8.7 5.1 3.7 5.6 2.8
B (EFL, 52 10.5 5.3 8.7 7.7 4.4 8.5 8.0 10.6 5.7 7.9 5.6 5.8
BAvARE 1.8 2.3 2.6 2.9 1.8 2.1 2.0 1.4 1.3 1.3 1.6 2.7
aamE 1.1 0.7 0.6 0.6 0.8 0.8 0.4 0.5 0.6 0.5 0.3 0.1
R 8.8 14.1( 13.1 14.4| 14.4| 16.7| 14.6] 16.1( 16.0 19.5| 18.6( 11.0
Bl L, V—t— 1.5 1.4 0.7 1.0 1.3 1.0 0.5 0.6 0.5 0.9 2.7 1.3
PR 60.5| 53.7( 79.7| 62.7| 58.2) 68.8/ 80.9| 77.6| 72.7| 63.7) 81.4] 79.5
49 5.3 5.7 15.2 7.2 12.9) 12.7) 26.9| 23.1; 23.1] 19.8 22.8] 19.0
L3 28.9| 27.5| 35.2| 32.7| 24.1) 28.3] 22.9( 20.1f 21.9] 18.0| 22.6| 25.5
B 12.3] 12.5( 17.2] 12.9| 11.9] 16.7| 18.3| 22.9| 17.2| 17.0] 23.5| 21.2
ey 0.5 0.6 0.3 0.4 0.4 0.4 0.7 1.0 0.7 0.8 2.4 0.8
2O m 5.0 1.1 0.3 0.9 0.2 0.5 0.6 0.5 0.6 0.3 0.8 2.4
nh, y—e—Y 8.6 6.1 11.4 8.6 8.7 10.3] 11.3] 10.0 9.1 7.8 9.3 10.7
L 36.3| 36.7[ 39.3| 36.6] 37.0( 40.5| 43.8] 42.6] 44.5{ 42.2| 42.8 40.4
LE 138.8| 111.7 121.7 122.9| 100.7| 109.4| 120.4| 121.4| 118.8| 115.7| 110.5| 119.1
490 131.1( 105.9 109.8 114.2{ 94.7| 101.5| 110.3| 113.8/ 109.3| 108.1| 104.8/ 114.3
F—= 2.0 0.8 2.0 1.3 1.1 1.2 1.4 1.3 1.1 1.1 1.1 1.0
Z DHDOFLBG 5.8 5.0 9.9 7.3 4.8 6.7 8.7 6.3 8.4 6.5 4.6 3.8
WIS 4.2 6.3 7.0 9.6 7.0 6.7 5.2 6.9 5.5 5.1 6.7 5.3
¥Fso8 1.7 1.8 1.7 2.9 2.1 1.7 1.5 2.0 1.8 1.7 2.6 2.3
Lesie 0.4 1.0 1.8 1.3 1.1 1.4 1.3 0.7 0.8 0.4 1.0 0.4
agyr 1.8 3.1 3.0 4.2 3.6 3.0 2.0 3.2 2.3 2.9 2.7 2.0
X 0.3 0.5 0.5 1.2 0.3 0.6 0.4 1.0 0.6 0.1 0.3 0.6
DD RS 7.6 6.4 6.0 6.5 8.0 6.2 6.1 12.5 9.1 7.5 8.4 12.9
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4 BEHRFNEFEBREOFEREBICOWVT

[ERR#]|DBRKOEI IR, PRIYDAR 2D, ERIL2ES(NTHRLE L
THIT a5, IBHIGERE R ICIE, FERMSIVE IO TIBAFEOTERER L, 550661
FLTORER/RRDY, BEMHINBREOFERERL L TRINT V5, (R6BH). BAS0E
DFRERRLBHCOIFEO 2 N B L TAS L, BEWIEDORI, RELEEHDOEREY
BALTws, XEAHEEL - FLBESISETHEML Ty 539, SRAFEDOE L CHEmMH» R
HoLis,

w6 KRHHNEREOFERMEB (LEFEILIALIELY [ g)

Year to Year Change of Average Daily Intake of Foods for Japanese.

61/604
X100
.8 | 218.2 | 217.9 | 214.3 | 216.1 | 212.1 98.1
.5 95.9 95.3 93.8 91.3 93.7 | 102.6
.1 61.0 63.1 60.6 63.2 62.5 98.9
.0 18.3 18.0 18.4 17.7 16.8 94.9
.2 67.2 69.9 66.2 66.6 65.3 98.0
TR IR 48.2 51.0 58.3 58.7 61.1 73.1 73.9 70.9 95.9
FDMOFZE| 198.5 | 200.4 | 203.5 | 201.1 | 198.0 | 189.8 | 187.8 | 189.2 | 100.7
RFEH 193.5 | 155.2 | 154.6 | 159.7 | 166.4 | 145.0 | 140.6 | 137.0 97.4
7
7
.0
.4
.5
.4

RBF504E (FZFN554F |RB AN 564E (RRAIS74E | REHIS8LE B FI594E |IBFI604E (IBF614E

KE | 248.3 | 225.8 | 221
%ﬁ{d&ﬁ 90.2 91.8 9
v bR 60.9 63.4 61
AL 15.8 16.9 18

HHE 70.0 65.4 66

x| 4.9 5.1 4 5.0 5.7 5.3 5.6 5.5 98.2
FAGRIESFAREE 119.7 | 109.4 | 108 114.6 | 113.3 | 117.4 | 113.4 | 113.3 99.9
BN 94.0 92.5 92 90.2 93.4 91.5 90.0 90.5 | 100.6
Lk 64.2 67.9 72 70.8 70.7 71.3 7.7 70.8 98.7
ik 41.5 37.7 39 40.0 40.4 40.3 40.3 41.2 | 102.2
FL- 7L | 103.5 | 115.2 | 116 124.2 | 129.4 | 124.0 | 116.7 | 117.9 | 101.0

E RSB OUK (BH634F EIR)

P HgEROBESBNFEREICOWVT

bitb g, FEFOENIF « SRR RN (F1) HiEHEFT O IR ELE TH O K
WEBRCED s RELT AT R T 5100, RBRBRERZHRCASHEEEREBRAELE
RL129 &7, BOEHREA i e T, BARTR - 22— 22BN &4HT, HOBREH
BEO—RELT, FMBMERZARL LT, ARHBREERAEY RRL 129, 2ORBRYRT IC
AU, RPOFH MR, BRBEHETH Y, 2> o TR CB O EA IR
ZLEINTC S, 20Dy, ZOHEEEL, ERFHCEUL T2, B 6HL»T
HbEHE, RWBREEREL, NrNoHORMIHRERE, ERFHOZALED
TREGAEYED OIS, HUBENONERIELCHEEYDH Y, FNOBRIRENLER
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IV BHECBT3RHOBHRE

R ARMIERE MEHS84E~624F
—A—B % Y OFFHRRE(g/d/p. wet)
Average Daily Intake of Foods.

B RO it —i% | IRARRE | KitRE | ERTS 7 o it
58~594 | 59~604 | 58~594F |  604F 61, 624F DMy

Eog ] 307 350 382 309 -
X 193 269 333 216 317
NEE B 114 80 49 93 -
¥ 66 68 85 67 16
REBS 64 59 84 64 -
20D EHE 2 9 1 2 -
FEIEH 2 0 0 1 -
PR 432 476 509 325 488
FEE 97 129 132 - 283 (T, RER)
RIE3E 135 124 108 - -
XD 12 4 6 10 13
R¥E 114 162 173 - 144
e 2] 74 57 90 63 48
REH 139 13 5 141 -
HEREWD 148 415 358 9% 310
v o A 2 19 33 - 184 (fad¥)
(]38 £ 43 179 132 - -
HRA 8 80 51 - -
HOEA 23 4 18 - -
AR 4 4 13 - 5
SRR3R 7 36 24 - 61
HHH 24 26 4

ZDtha 0 1 1 -

i 34 53 35 6 (%) 35
L& 26 15 25 33 13
Hk A 0 3 3 — 25
SRR A% 121 83 88 72 (WM IEZEL)
m 57 46 43 40 46
FLERUILES 134 24 8 117 182
201 0 21 18 14 -
R E 1406 1499 1499 - 1706

UAr At OO lEYRRER, ERPFAD3 ~ 4151 20, X, BEPKDOHEREL £
Vo I UAMBOHR SOV TREMOIBRIEEIHIHmD T L vd, Nrifcy,

HEPHETH - 12,

6 FHIaKTFTMBICOWT

RRRER, #HHFS LD 1 BORFEREL RRBRATE -1 FHEL LTHL AT
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R FHOOFEIEHARADRENERD 6 EM LI ARITIE
DRI
QoERDB# 1 L LIZBADHNATRT)
Conversion Factor of Food Consumption for Japanese.
(Calculated from Energy and Protein Requirements by
Ages and Sexes)

P IA NV —-FrER EREMER

5 x® B £
1 0.39 0.37 0.43 0.43
2 0.50 0.48 0.57 0.50
3 0.56 0.54 0.56 0.57
4 0.60 0.56 0.64 0.64
5 0.64 0.60 0.71 0.71
6 0.68 0.64 0.79 0.71
7 0.72 0.64 0.86 0.79
8 0.74 0.68 0.93 0.86
9 0.76 0.72 0.93 0.93
10 0.80 0.76 1.00 1.00
11 0.84 0.84 1.07 1.07
12 0.92 0.88 1.12 1.12
13 0.96 0.92 1.21 1.12
14 1.04 0.92 1.21 1.07
15 1.06 0.88 1.21 1.00
16 1.08 0.88 1.21 1.00
17 1.08 0.84 1.14 1.00
18 1.06 0.84 1.14 0.93
19 1.04 0.82 1.07 0.86
20 (2500kcal) 0.80 (70g) 0.86
30~ 0.96 0.78 1.00 0.86
40~ 0.92 0.76 1.00 0.86
50~ 0.88 0.72 1.00 0.86
60~ 0.80 0.68 1.00 0.86
70~ 0.72 0.60 0.93 0.76
80~ 0.64 0.56 0.93 0.76

CADT, FER, XIZEROTMELYMA I L, BREAERTRTHSE, 22T, BE
ADEER, HAIRBIIERY D CHM L ICRERRISR) LEroHET s HEV L O
Tv3,

W, ZOMEERMEIRE, TANVF-FERY OGRIELIELMES », LAREMERY
COEEMEI PIREZ > TRV ESTHBY, —RiCHEY LKREMSIILAAD 6 ORELE
PHEC, ZOMRBRZANVF—FEEDCOEEZE-TVELITHS,
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IV BXiZs3REBOBIRE
X, R4 R LICBHIED ERFEFEDOMEIX, FAENFOLTREY, AENROAK
TElo 12 FHETH Y, Zhd 620RBOMEE KD 5121, BHICOEDFAE RO PHIHKE
FER, 1975kcal, 1cABE65.5g%, 20 BT, PREOEFREEED HARANDRENE
& (2500kcal, CABHET0g)TE Y, RABREREZ KD, HRELRARERCEHNILKD 5 2
EDTE 5, Bl 2208 ARKBORKOEREDFHEIXKRDL 512k 5,
ERAEFAECOERE DA HRER=1975/2500=0.79
" KIRHCE O E K P =216g
" 20mef 5 DAKIEEE =216/0.79=273g
3P, BRRAMEL, ZORBMEVBRALELZZLCISETHBELLE->TE TV AFLRC
CTOREERFEDdatad, ZLAFRYG ZCOPBURT H 323, FEHEHLIRIHEEHT
EHEL 12 ROERBEN I v 2, RS L CBEVOHBEEEFAEOERYRI IRTY,

x99 JFLYRORSEIRE HiEHN %O R(g/d/p. wet)
Iz - FEE IEAI49~504F
Y BB 151 ~524F
Average Daily Intake of Foods by Infants in Tokai-mura.

o FLE0 R DR 5 (%)

REOHH 0~0.5 0.5~1.5 1.5~3 3~5 5~§
BEFLX 13 %3 FL(m) 1100 - - - —
WELD & B~ - 600 — — -
ifl - — 300 300 300
B 0 20 25 35 50
[ 38 iy 0 6 15 18 -
ZDhh 0 21 17 12 —
TR 0 1 3 -
FIELHR 0 6 12 -
H¥H 0 2 3 1 -
R 0 7 15 18 —
REEIN T 5 0 2 7 6 —

EbYIc

HARCHE I AAJMERECEL T, BREDdata®Z A LT 1225, #5, FRiEoDdatal
BEAFRYBORCOWHERTDH 3,

M+HBFEMOEKR 2 dataDERDOH 5, ERFBEAEORMIL, KEREBLLET 5HNT
BREYVAEINTC 5, BEEWEOAL 6T, DEDECEMBEOBE~OBENER S
NTV3HEE, 2NEOROFMEH»FHETCS X5 %, FRBHBZIMELICAROPHLE
A ERTALEN DS LEL B,
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SEXH

1) BWRkERKEEFAERE | ARFERR, BN6IEE, RAHEHS, 1988.

2) EALREERRRDERGEFRERE  EEXEOIR, BAEERERERE £
1987.

3) FEBRASF, FRERAT, KBE— | RBIBREFIEZBIEROEMHBREEAE, BARK
GHERESLEI0M A2 OARE, TR, 1987.

4) BALR » 22— TAHERSH | ANy R ELOM AR ¢ 2 — 2 B|EE, 1989.

5) RAEREERREFEEERERE OAAORENER, £—HKR, 1984.

6) EEAST | HENAHRORREBREERE, KEMRELIF—2 Y —X, 234-242, (1981),
Beafrd 5L,

<& >
Q. EHRF—EE:

20/t W S B EPLICEEINIY, 20~30RICRPOERT IR O EELEMTH 5. K
FOF—ZEBFD80% L LT 345, MBREEEHITHANE L, 0MAIBRTEERLA
Ty bTaRD, ESLTHBEBLTAILIS, SRETEISOCLBRZEONR TV 527,
ZOEEDCTRESIBE LD,

A, EB8HEF:

FNEDOCTREEN I, b5 T R0DT, EERCPHEADRBHERL L iIZiE-7,

(BB : /MlsE)
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V Baewwm(I) -

V—1 AHKIZEBIT D I XTI NONREHMN

R H 5F

E L@k - KEHHIEAH
Human Mineral Metabolism

Mamoru Nishimuta

Laboratory of Fatigue Physiology, The National Institute of Health and Nutrition
1-23-1 Toyama, Shinjuku-ku, Tokyo, 162 Japan

ABSTRACT —Results of studies on mineral metabolism in human at the National
Institute of Nutrition were introduced for the following elements : sodium (Na),
potassium (K), calcium (Ca), magnesium (Mg), phosphorus (P), iron (Fe), zinc (Zn),
copper (Cu), and manganese (Mn). The data were obtained for young Japanese
male and females under physiologically controlled conditions.

Requirements of some minerals and factors influencing them were proposed.
Accumulative or losing tendencies of minerals with age were discussed with
possible mechanism. Aetiologies of some neoplastic or chronic degenerative
diseases related to mineral metabolism or irradiation were also discussed with a

mineral losing hypothesis.
ExLaic

BANZI 5 47 v ORBBNIX, ARADGHRFECERT 2 RRONE, FiERE
ZEDERRAN(2—AFZAN)ERBLAZEREDIZDIZ, MRKALRELZZEEZO0NE, 2
D—fFlL LTavHERBHIOVTIE, fcEBEs L shizy,

LoL, BRAZHRIZ, BEAPBEERL TCSERPRLICL I RERBEROERKR
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Estimating Dose for Embryo/Fetus at Maternal Contamination

Tomoko Kusama

Department of Radiological Health, Faculty of Medicine University of Tokyo
7-3-1, Hongo, Bunkyo-ku Tokyo, 113 Japan

ABSTRACT -Embryos/fetuses are the most sensitive to radiation and other agents
in environment. Information on biological effects and dose estimation of embryo/
fetus, however, are scanty. Especially, there are little information on internal
exposure of embryo/fetus at maternal radioactive contamination. Systematic
research on internal exposure of embryo/fetus are needed.

The period of pregnancy is divided into three stages, that is pre-implantation,
main organogenesis and fetuses. The remarkable biological effects and estimating
doses are different from each stage. Then, we should also take into consideration
how effects are at each stage in deciding an estimated dose. Embryonic death,
malformation, mental retardation and cancer are the remarkable biological
effects from radiological protection viewpoint. We propose that the estimating
doses at each stage are as follows: (1) the mean dose equivalent of blastcyst or
embryo at the pre-implantation, (2) the mean dose equivalent of embryo at
main organogenesis and (3) the mean organ dose equivalent and effective dose
equivalent at fetus, and that the system analysis is more appropriate biokinetic

and dosimetric model for embryo/fetus.
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Hollow Organs at Risk for Malignant Neoplasms

Hiroshi Ohtsu

Division of Physiology and Pathology, National Institute of Radiological Sciences
4-9-1, Anagawa, Chiba-shi, 260 Japan

ABSTRACT-The death rate per 10® population is lower of malignant neoplasms for
all sites in Japan (male/female: 187/126) than in U. S. A. (211/174) and in
England and Wales (302/259), but the rates are higher in the stomach and the
liver, and lower in the lung and the colon in Japan than in these countries.

The malignant neoplasms of a high death rate are found to develop at a rate of
about 50% of all malignant neoplasms in the hollow organs, consisting of the
three layers: the mucosa, the muscle layer and the serosa. On the malignant
neoplastic point of view, the digestive tract is the most important of the hollow
organs and the second is the connection canals between the parenchymatous organ
and the others, for example biliary tract. The malignant epitherial neoplasms,
arising from the mucosa, the glandular organs, are referred to as carcinoma, which
is divided into three histologic types: squamous cell carcinoma, adenocarcinoma
and undifferentiated carcinoma or carcinoma simplex.

The appearance of carcinomatous cells tends to resemble the parent epithelium
of the origin from which the carcinoma occurs. Though there is no tissue covered
with squamous epithelium in the lung, we have often encountered squamous cell
carcinoma, which is thought to develop on basis of squamous metaplasia, caused
in the bronchial trees by chronic irritation.

The death rates of malignant neoplasms, as well as lung carcinoma, have been
increasing steadily in many countries, and the ratio of kinds of malignant neo-

plasms and ratio of histologic types of them have varied gradually. Investigations
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are continuing with the aim of gaining greater understanding of the carcinogenesis

of the phenomena.
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V-3 ABZHEKT 2EEEBERERTE UTORR

1 EWAAEMEREMIECR(AOLGA) & REREIA (%) O EERIEE: (19854F)
Malignant neoplasm death rates per 100,000 population sex for all sites, and comparison of
sites of neoplasms in the three countries
FETR EMHEROHE (%)

BN £ AL B s B ik

Japan USA. Eng.|Japan USA  Eng.| Japan USA. Eng.|Japan USA. Eng.
2L 187.4 211.1 302.0| 125.9 173.5 259.2| 100.0 100.0 100.0| 100.0 100.0 100.0
O RE & DRSE 2.5 5.0 4.1 1.0 2.2 2.7 1.3 .2.4 1.4 0.8 1.3 1.0
RiE 8.5 5.5 11.2 1.9 1.9 7.2 4.6 2.6 3.7 1.5 1.1 2.8
B 51.1 7.4 24.3 30.6 4.8 15.8 27.2 3.5 8.1 24.3 2.7 6.1
R 9.4 20.0 20.2 9.3 20,5 24.9 5.0 9.5 6.7 7.4 11.8 9.6
RS L ALY 7.9 3.9 13.5 5.4 3.2 10.7 4.2 1.8 4.5 4.3 1.9 4.1
s 24.2 3.4 2.8 9.1 2.1 1.9 12.9 1.6 0.9 7.2 1.2 0.8
i 10.1 10.0 12.6 7.3 9.6 11.8 5.4 4.7 4.2 5.8 5.5 4.5
D5 L A EE 6.7 1.3 1.4 9.0 2.2 2.5 3.6 0.6 0.4 7.2 1.3 1.0
L] 1.3 2.6 2.7 0.1 0.5 0.6 0.7 1.2 0.9 0.1 0.3 0.3
[ - AEX - B 35.5 71.1 106.8 12.7 29.8 38.3 18.8 34.0 35.4 10. 117.2 14.8
FERE 0.5 0.5 0.6 0.3 0.4 0.5 0.3 0.2 0.2 0.3 0.2 0.2
BE 0.6 3.9 3.0 0.5 2.3 2.9 0.3 1.9 1.0 0.4 1.3 1.1
FLIR 0.1 0.2 0.3 8.0 32.5 52.8 0.0 0.1 0.1 6.4 18.7 20.4
= - - - 8.0 8.7 13.7 - - - 6.4 5.0 5.3
IR - - - 4.4 9.2 14.9 - - - 3.5 5.3 5.7
B 4.9 22.7 28.2 - - - 2.6 10.7 9.3 — - -
IDA 4.5 22.1 27.2 - - - 2.4 10.5 9.0 - - -
JBE Ak 2.9 5.7 13.4 1.4 2.6 5.5 1.5 2.7 4.4 1.1 1.5 2.1
1 2.3 4.5 5.2 1.0 2.6 3.1 1.2 2.1 1.7 0.8 1.5 1.2
I Y oSk 11.1 18.8 19.4 7.6 16.1 16.9 5.9 8.9 6.4 6.0 9.3 6.5

Japan: Data from national vetal statistics by the Ministry of Welfare
U. S. A.: Data from vetal statistics of the United States 1984 Volume 11 Part A
Eng.: Data from England and Wales mortality statistics cause 1985

K2 RBERODH
Classification of the organ systems
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6. WaW TIEME, BRI, AT

7. ElE G Y o5H, MR

8. E#id: mMA, &, BE, BH 8%

9. BiEH FH, B

10, & B HRE, BT TR, ZREHBR

11, #ER N, BHE, KM
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R EERE
(/%) (B %)

OE L VSR 2.5/1.0

MEEE 1.3/0.1 =
i 8.5/1.9 FLFE 0.1/8.0
A - X %

35.5/12.7 ‘

" 51.1/30.6 B 24.4/9.1

M 10.1/7.3

BFSVIRE  6.7/9.0 F 2.3/1.0

i 9.4/9.3

BERE 2.9/1.4 S 44
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miE LY ok 11.1/7.6
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& L®E 0.5/0.3

P L ALFT 7.9/9.3

FE 8.0

Estimated malignant neoplasm
death rates per 100,000 population
by sex for all sites

(%)
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Ratio of carcinoma arising site in
* 56 (EHW each alimentary tract
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BRI LA 6 ThH B, Z DIHLE D BEFEHDOEIZI0%LL EIL T ORI LB 6
RAEL TV 5, OB ERMEMIZIMC & b LEMEYEL b Ao CERRE LR L,
—B O LRIl 6 - T 2 MR LR AR L b 5,

FERE b BOMRE D O RAET » BURT A OBE SN s B, BUEHTAEY % SRR B
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BREERS L R OB ED 2 HED L G LD T 2EER» R EREZ > U5 2 L kY,
HECHEET 2860 (ARME) 2 REL T s EMRERTH 5, HE L ZFEEBHE UL
RIZ AN L, MERAHEB? OR-> T3, SNETEMHEDLCISELME- T 31225,
EE 2 L THROMERC L ) BEHEM2ERE L ABECKSIT S 5, BE L IREEOMIEL L
BARIAE QMR P B 2 TU AHEMTH 5, LERUEDHER LIzl - MIHEA L b L
FHIREME B b TV 2455k BB EBE C & Y laEE L, 3612, HMROERERCEE
BEeMiTea2 T, BETL INODEEVPATLLY S @ADL LN, LREOERTDH
AfHNE LA 2R L UREBE L, JRRPA QMR ER 2 BB L b & QBB 2 K
LTv3, AERIELRGEEFEDLE -bh, EREBEZE 2 Tv L v EBEFEDORH
ElfoTws, BEEON TV A[PAIE VI ZERBEOAZEKRL L TEERED LE
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LA, BMEABETIERME L L TRRRMEY, SREAEL O SKREWEYEEL T3, AE
IR _E BB LI DM O AL, ZOBEIREE L BT 2 LB, R1TOB LI
BRY vo% . BIHEO BEHEMPHY L Te s, HIEETRE%TH S,
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3. FREEMEREBROMIE XL LD 3STEOMMA ¥ L IBESRET 327, IS0l idR¥E LR
MBROBMOLILR F LB £, MELEMBTEbNR T 3 BALIZMEI Z v L v 5 Emik
Ha, L»L, MBOMEEIZZ DR L ZPPRLSLRERRNFEL TV 5, ORI
RFEEERE? UL LISED S s, BRI IR P EB BRI EF IR R FFE L v )
rib oF, RTLERBORET 5 ORMRY 6 THA 5, BEEL ATV SN LB
S SOMIE B R AR DR P LR AR 2 ORAER L 2 9852 LT 38 TH 5, TEH
B F BRI AR RIGREL B A LB O LMD 6o Ty 345, 7Kk 6 OEERH)
BWEE Y 2D—2) iz & » THE LEMIBOREOBE ML b, KReTEBORPLL 724
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V—3 AWBEHEERTEESEERESMLE L TORESE
JaB BRI NT L, ZOBEREFRBPLEIELC-TWEY, ZOMELIEI LIcH#lzo
WAL CRELRBYRET 2D THAIEEZELLNT L B,

M —REEBEEDL 5 Th 2%, BEORELE L IGA, MENCHHT 6 [EXIL 2
SRRSO R - T Y, 2 DMK LEMEED G MR XTI RET LT L
LNTEY, ZHW iz (bronchogenic carcinoma) &t FRIEN TV 2R TH s, 21T
W, EOMME 2 5 5 b, BUETRRET LS | I RHUBEZEL Z20MDEDILILS
3:2ThHY, KETE, 3:7:2TH3% BETERPEPLRBEOEEYE(, KETIIR
BOHVPEHETDHY, RUMETH - T bAME L 2 RERIFELOHEEYA LN, £
ORFELERIAELZEZADE T, BRTREEEVELLIOTRLVY LHRINT V5,
PRERERSBLTRLY, 411 LHEC£L, BNMETLBEYEZC5 0 3 1 1D4HH
CHB, MPLERBEI LB L TRECZ2BRIBIVEORERETCH S, i T,
B IR AR PR T 2 OREEML 2 L CER 3 N, LIfg, Bimo—@%icE
> Tk Y, EE, BACHCTLHEOMMITEEINT S, VI LERERIERINT
W 3 5%, BEFN254E (19504E) (2 ADI0TFADBHEC K L T1L.9T H - 12 b O HIZHI614E (19864F) 12
B1I7T1LFELCHMEPRLTV 3, BEDOB . 1ICKCTEEXZRLTV 5, KELEIHCTY,
0.8966.1EFEL (ML T3,

RI  WANEREFHEDITERCR (ABIOHA) OFKRHER

Trend of estimated age-ajusted cancer death rates per 100,000 population by sex for all

sites
Sites of cancers HE ol
50 ‘55 60 ‘65 70 ‘75 80 85 86 |'50 55 60 ‘65 ‘70 ‘75 ‘80 85 86
2L 77.4 86.1 94.4 96.5 96.6 94.4 97.2 97.6 96.6|74.6 76.0 79.3 78.0 75.3 71.2 68.7 64.7 63.1
1] & IHER 1.0 0.9 09 08 1.1 1.2 1.3 1.4 1.5/06 05 05 05 05 06 0.6 0.5 0.5
Rl 4.6 4.3 45 45 5.1 4.6 46 4.4 4419 1.8 1.8 1.7 1.6 1.3 1.1 0.8 0.8
g 45.0 47.6 48.3 46.3 42.0 36.5 31.4 26.0 25.1|28.6 29.9 30.1 28.5 26.7 22.7 19.2 15.3 14.3
s 15 1.5 1.7 21 25 3.2 39 4.7 48[20 19 2.1 25 2.8 3.4 3.9 4.6 4.6
% L NP 2.8 2.8 2.7 3.2 3.6 3.7 40 4.0 4.0[25 26 2.8 2.9 3.0 3.2 2.9 2.7 2.7
i 9.6 8.2 8.6 8.5 11.0 13.5 13.7 6.6 57 50 4.4 4.3 45 4.4
MO 5 & RE 8.5 10.2 6.1 7.7
1.0 16 1.9 2.3 28 3.2 3.3 1.1 1.7 25 3.0 3.6 42 4.2
B 0.8 1.3 22 29 3.7 39 47 52 53[05 1.0 1.5 2.2 2.6 2.9 3.3 3.5 3.6
SR 1.4 11 1.0 1.0 1.0 08 07 0.6 06|05 0.4 03 03 02 0.1 0.1 0.1 0.0
ST XL | 1.9 3.9 6.6 8.6 10.5 12.6 15.3 17.3 17.1| 0.8 1.7 2.8 3.8 4.2 47 56 6.1 6.1
BERE 0.5 1.0 1.1 1.1 0.9 0.6 0.4 0.4 0.3]04 07 08 07 06 0.4 0.3 03 0.2
B 0.7 0.6 05 05 05 0.4 03 0.3 0.3/05 06 06 05 04 0.4 03 02 0.2
FLBR 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00|33 3.2 3.1 3.2 3.6 40 4.5 4.8 4.9
T - - - - = - - - -1196 152 13.1 11.0 9.1 7.3 55 4.2 3.9
ong - - - - - - = = —|08 1.0 1.2 1.4 17 2.0 23 2.6 2.5
Lt 05 09 1.2 14 15 1.7 1.8 21 21| - - - - — — — - -
AR 0.2 05 08 1.0 1.1 1.3 15 18 18/ - - - - — - — - -
537 1.2 1.3 1.4 1.3 15 1.3 1.3 0.8 0.7 0.7 0.7 0.7 0.6 0.5
g 0.2 0.3 05 0.6 0.7 0.8 1.0 1.3 1.2(0.2 02 04 04 04 04 05 05 0.5
LY o] 2.9 44 52 6.0 6.4 7.0 7.2 7.1 7.1 1.9 2.8 3.6 4.2 45 4.9 4.9 48 4.9
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Ultrasonic Measurements of Chest Wall Thickness and Realistic

Chest Phantom for Calibration of Pu Lung Counting Facilities

Takashi Shirotani
Department of Health Physics , Japan Atomic Energy Research Institute
Tokai, Naka-gun, Ibaraki, 319-11 Japan

ABSTRACT-There are four important problems for the measurements of chest wall
thickness using ultrasonic device: (1) selection of optimum position of trans-
ducer and the number of measured points on the chest covered with detector, (2)
estimation of adipose-to-muscle ratio in the chest wall, especially for dispersed
adipose like “marbled beef”, (3) determination of regression equations for the
prediction of chest wall thickness, derived from groups of different body shape, i.
e. corpulent and lean, and (4) estimation of effective chest wall thickness
involved self-absorption layer of lung tissue, which changes with distribution of
activity in the lungs. This quantity can not be measured with ultrasonic device.
Realistic chest phantom was developed. The phantom contains removable model
organs (lungs, liver, kidneys and heart), model trachea and artificial rib cage, and
also includes chest plates that can be placed over the chest to simulate wide range
adipose-to-muscle ratio in the chest wall. Various soft tissue substitutes were
made of polyurethane with different concentrations of additive, and the rib cage
were made of epoxy resin with calcium carbonate. The experimental data have

shown that the phantom can be used as a standard phantom for the calibration.
1 FHiHIC & 3 Bk ARE DBRIE

fiie=% %2R T EE LcPuk iERT 2354, MEMBIMMEE L B8 LiFs kil dah s
FH#)1TkeV OLXERZ AIE L TIT 9 5%, BAID1TkeVIZH ¥ 2 4/ 134 6 mn & <, BEAL
SOoTRLAMBRMEBE X EHIREL TH(LEYVDH 5, ZOKMEMEDRER,
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Chest wall thicknesses measured with an ultrasonic device.

(1) (2) (3)

17 ERF(I) | REF(I)

RIE 4 1978 1983 1988

FE A 61 70 24
SEERE (ke) 59.9 63.5 63.1
& & (m) 1.67 1.69 1.71
3 H BH (m) 0.88 0.91 0.86
AN (em) & 2.20 2.33 2.32
K 2.09 2.18 2.20

SEOMET, WELE - WEME - WEROBRCTNERL-> TV 5,

RamsdenV# B FKZ FVTLK, 2L OMEBLI->TLRINTET, EHR, VIERT L
542, 3PIOWELEER LI MNPuBFHME EMEE S £, 20%» 6, EEL4DOME
HEELUTIC®~R 3,

a) BEEEARRE O RIEM B SRS BRIE TSR 6N 525, 2 QMO ¥ OALE TS
WET 2L > TPAEYRYL 5, BolifE & BolilllE sk, SHRE O MR L 2
ELS-oTHELY, H—RIRDONLCEDH D, —RIILEKRT, D TH{ LR
WEBVBEMIRTLECERCHRETH 5,

b) MEEMEIIHAISU TR (BB L AT, (EI/HR) LOREREETH 5. B L
BADILT.2keVIizxt T 2 X BTFHREIE, 20 &N, 0.408, 0.882em ' ThH b, WiHAEDIEAE]
AL OVXBBERRIKS (R, FAAORASIATHHECREL TH I LRLE
ThH s, BRBYVE TR DA THNL, a)DREDICRET 2 LIXWRET H 57, Jgl»°
FREOIRCABRL T 250, BERKESTZ2ORAEAPRET 52 Lty THEETH 5,

C) PURABREDS, BEK TR STAE S TV EHBE L 5, AlEs Tl
CHBAERHEEL RS R o v, B, HAHRET, BFKEY ACEBASE rE L
Ba, FReC 2 0RO BB DUEMET W & B35 2 — % (KEW, F&H, KWEHC)ORN
B 6, Tw2HETS 2ERAZUCTHS, ZORPACTHET A L TbTV 5,
il z1E, Fry2o#Ee-1eRig,

Tewlcm)=6.0(W(kg)/H(cm))+0.11
Thar, L, ThITCREINIERRNTIE, KB OBHALBAE 2 23ESELE)
ORI ERIN TS, EHE T RLAEERID(1), (2))» 62 ERKRY
T, EANCARBCEET 2 LIWREINLOTIZCHEEZRTH L,

FRBR D7 v —7) LEFEERGZ v —7) B OB ORI, B 1 OH & WO FHEh
RTR3NB & 32, DZPVv—TURHEWORBRIIZITEMR E L 285 $ L RBAERBT
HoH, GZN—=7REBRTFHGRUATTIEHEE R ->Tv5, &7, MELILTLLH
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~
[=3
T

Average /
H=1685m /
o'/ /

o
w
T

z 60 ’ R e 1
£ /////// PHBARTR L 2 0 OHEF I3
i e 0 558 L KEORE

—e—— GROUP G . . .
—— GRouP p Relationship between weight and

height obtained from two groups,
shown in the form of average-scat-

o
o
T

1.55 1.60 1.65 1.70 1.75 .
Height ( m) ter-diagrams.

K2 KEORLL 25D Vv—7OREDOHEREY 5 2 2 MITKEBERERNORE
Optimum form of regression equations for prediction of chest wall thickness,
derived from two groups.

G-group (non-linear group) D-group (linear group)
One variable Tew=a+y/WC/H—b Tew=a-W/H?—b
Two variables Tcw=a+*yWC/H+b:C—c Tcw=a*W/H?*+b+-C—c

Tcw : Chest wall thickness (em), W : Weight (kg), H : Height (m),
C : Chest circumference (m)

L OCWEDBIRI, DZVv—"TIE, T EWIZIFIL THmMT 557, HiSK S { LB Ii2fEw
YA T A2 LERL, GZv—7TR, VWICHBIL UM LHOIE R #HGIL T
BWLTBILPRINL, O LR, ARIZAG-> REEOWMTHNIET BWIZHFIL T
BRI CRMT 257, BRCEAODL CEESMBH) TH T T i VW I HF L TIHERELR
PSS 5 2 L2 EKRT 5, ZOHEAIX, BREEEETEEY? OKBBC»ITEZ(DR
PR ZLCERATAIEELZLNS, EHE LT, R UKRROHEZREE b >ROBELRT
P, CNRAEEHOEBIZD L TRPEL 2 EVWVETHEILERLTC S, kI, H5
AN DIEHE DRIEIR, BHARANDFHEE ST 5 W(ke) /H(m)DME36.0& 9 K & LIEGZ v
—7*T37.6) », PAREDIV—FT35.9» % 1 2OHRE LT3, BETHbLNALE
WES 1 >DHEMBLEA 5,

VUL DRI 1A RTORSIET LwDT, 4%BEEOBEY S G UKRETL, &Y
ERELEBRRPE( I LVVETH S,

d) CEPuBEE LAY IS HE L BE XA D v TOFRIE, BFETRkOOohsH
MLHBEAILES TRy, YELER, MOBCHRINEE2EUEMNLBEREY 52 5%
T hbt, EMHREEZETH S, Lrl, ZOEIZHNOKETEED A IKEL, WEE
ROBELZITENT D 2 OEHLRERIRETH Y, BEFRTRANERELETH 5,
BEOEECTE, 77 20MACHRELHESHIECRRATTROIREER AT
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b, FAARO BCRIGAREDHEL Ly, BFRTHE S 15 ZEANOBMBEOMHED
AEMIEL T3, L2L, THRBEDZCIMETH 2. Z DERTEYMBTORER
EETHE, UL 4m»ELFERTDH Y, AROMRILETDH 5,

2 77 bLOBE

2.1 BHRE77 M4

Pulifi®= X B\ DKL, BT AVEF—KF IR LT, ARHRBROBTIHRE & EREC—2
LIe7 7y b abtZHCT, BHIFERNCERCECNIEE T 72 b 28R EARTRTDH 5,
R - B 8EE 7 7~ b 2(JAERIZ 7 & b &) OBAZRIK, 19794 FRAT 2 BAS L TLK, 1987
EITEABZL D77V o 2RLANTERZ D770 & 206054 K %, BAIIKE
P aS o BUYEL T 372, |3 M TE(BRAPHHEECEC) 2787, 2% § TIZIAEA
77 > b A(Griffith? DR L1727 7 &~ b 2 2IAEADBA) DTk b R”T. JAERIZ 7~ b+ &

®3 JAERIZ 7> P& EIAEA7 7 v b 208K F L UESAHED L
Body and organ sizes of JAERI-phantom and IAEA-phantom.
JAERI - phan- IAEA-phantom
tom

Weight (kg) 63.5 75.0

Height (m) 1.68 1.77
Chest

circumference (m) 0.905 1.01
Lung(right) (cm?) 1892 2180
(left) (cm) 1633 1689
Kidney(right)  (ca*) 151 150
(left)  (cw) 154 170
liver (cm) 1761 2050
heart () 818 748

B, Hh, P, BEE L COBORYALHFT S SRGEOBAY R TH 5, AL
BIFIX 4me X 2 emD h 7 L v I HRRIETRIE TR £ B L 12 b DT, FMkc122/8, ZEhic
MR ZRA LT, AR, SEORH L e ER AR L2 oM aFIRY D 5, MK
¥ & kB s (torso cover) DIE 313, B2 2R & 5 i, BERAZE» GRESIN]L.5emT
b5, BERSOEEAZTET 2 WE L (chest plate)ldFEIZ/RT 3HFH»H O, B3
0.8L1.5metNDHB, D77 bLDIZHIZBRLIEEMIZ, RY Vv & EmMmAltrisch-
loroethyl phosphate (C,H,Cl0); PO)2&tE L 1B %/ 2 T AEHEEED16.6keVDIETTRE L
—HTrL3fEo T3, RELID77V baCHCLEREMOWES—4 L, HBRO:
Hil, AMFHEEE D7 7 > b A2 TR LI, BHEREIR 2 EhOLRHEKD 65
#ELz»% Rando-muscle DEOBIA L. L-13MM E R 2 RB@RY Yv i 0T, EHOD
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Torso_cover Chest plate

Examples of chest plate

Ches'mg"l'g";'fg;s cdés wéfl\’l\lrlilsﬁ'lecl'li%sithgﬁate

CZ-10879 | 10/90 W% =2

C7-20853 | 20/80 ¢ W 5 AL A D i 301 &~ RS P M
(Z-30826 | 30/70 « / EhOiR

Chest plates for adjustment of adi-
pose/muscle ratio in the phantom
chest.

R4 JAERIZ 7 ¥ F 2ME S MO 7 7 ¥ b 23 D17. 2kevD xRz T 5 HTHHREK
(@), (O REL I S22 7 b VEFHHRE)
Linear attenuation coefficients (17.2kev) of phantom materials.
-u(P), u(C) : coefficients for photoelectric and Compton interactions, respectively.

) Linear attenuation
Density | coefficients (em~!)
(g/ )
u(P) y(®)

(JAERI- (Corresponding

phantom) | human tissues)
SZ-208 (muscle) 1.075 0.872 0.182
SZ-220 (musccle +10%addi.) 1.069 0.808 0.182
SZ-160 (cartilage) 1.117 0.937 0.189
L-1 (lung) 0.280 0.211 0.046
EZ-129 (rib bone) 1.630 3.666 0.224
(Other materials)

Griffith-muscle® 1.08 0.833 0.188
Rando-muscle® 1.00 |0.70-0.47| 0.173
Rando-lung® 0.27
(Human tissues)

muscle ‘ 1.06 0.870 0.179
cartilage 1.10 0.921 0.188
rib bone 1.30 3.833 0.204
lung 0.26 0.238 0.048
water 1.00 0.809 0.172
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EZ-1293 = R¥X o BIRICIRBESY Vo T 2 ML I b DT H 5, Griffith-musclei Griffith >
7Y NLDBAMTD Y, & OEFREIIHAMSZ-208 L RIFFCTHWIZ L {—Z&L T
%, Griffith? 7 > b & Dtorso cover®E 3 121.54cm T, PudfiE O R AHER I b ZISFRLL L
Tealew, RA—Dr24 vy FRBBTHE L THIGEEGHIR M7 7~ b 2 TIRIZFRCET
bHot,

2.2 KB&7Z7v oM

R DER 7 7 > b 2 ORI AFRMEEE LI C TR L v, FEFICR L TRECR
FHEOEMVVBETH DT, BB MENZKEHEZ 77 b 2HPOBRREIT- 12, Zhidsk
CEBEEBOBINA 2 N A FEE L ISR % b o/KIERMTH 5, HINFREREIZERD
MBI OTRMEE RMBEE L, TERERNFOEBISL TH» 05 2L KEVLHER %
fRCTHRES NS, EBROKEEMOBIZRS RT, 26, EOGEELENEHRESD

®5 ICRUkLRIUCIHEMEEZ b OKIEHEZ 7~ b adtOfl
Examples of liquid tissue equivalent materials.
- additive weight percent in water.

Additives Wt % | g o Wt %
urea 5.58 H:10.10
citric acid 15.80| 1.060| C:11.10
ethanol 8.76 N: 2.60
0:76.20
glycine 13.93 H:10.10
citric acid 9.30| 1.079| C:11.10
ethanol 6.63 N: 2.60
0:76.20
NN-dimethyl- H:10.86
formamide 12.94) 1.001| C:12.13
citric acid 4.48 N: 2.48
ethanol 8.08 0:74.53

BMERZ7 7 Moo bfEL 5 X 5142, ICRUBRY L[] U TR Ctotal soft tissue® & 1ZIF% L
CHTRTIREE b b, PULXBREA L THELVCEBEL R T, - OKIEHE 2 Pullie= &%
ERZ 7Y Mo AT AR, 772 b 2ERRAEE TN LEOOTLEMRZ b 2
BBIZEA %29 vBilg) 2R, BRL-10 & 5 LSt 2 %58 L THEET 3,

2.3 77 PLABEUREICSIIIMER

2.3.1 772 LBRREOSHNEE

A%O7 72 b AR, RN AMEEELTER RSB 7~ F aM %
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BRAEL, BFICUTE BT IRLTLELCREZ2 277 b2 2fEB 2 L, D HAAD
AL & NBSEREIFEELL LT —2Z2HCT, BABKEIDRABE 7 v b a®iE
52, OBRADAGMBITRMR EZER AN EMEELZ L, Ths, Lith), il
BLT, BRANOKE, BHRERKE L CARBETREAKOEEND 1 H b FUEREZMREL
IR

2.3.2 BREICBIMIES

CHPIEEL 77 PAYBARINTY, 2 THIEEPUBD EMELFMIX TS 2w,
TOBRI & 54, EHRE DM BT 2 f1E GRCHEMARE) 2 28 L L, &1,
F R ETRES A DR HER T 4 FHEIROMES BE L £ 5, EBROFRTIL, PutAD
WEEUCAIEE, WAZRNES & MEAOEEBIEEL EDEC> 6, HNOBRSHEERBHE S
WTHILRLSFEABHFCSHTHLEF LN, BARVBETH 512 EFHIEAHELC
atEING, NEERETHELMEL L 2BREOMEER TR MO E A THEIEL,
- T, A%OFRERE, FF LEREROBAZZ2E&D IS CEBR T 2 5HEsh®
DEHMEDRER, 77V P2 3ERELUTR, vaIv—va it 2 REEDT
FLORIEERZFELT A LTHA 5,

BEH

1) Ramsden, D. Peabody, C. O. and Speight, R. G., “The Use of Ultrasonic to Investigate Soft
Tissue Thickness on the Human Chest”, AEEW-R493, 1967.

2) Fry, F. A. and Sumerling, T., Health Phys., 39, 89-92, 1979.

3) Shirotani, T., Health Phys., 50, 860-867, 1986.

4) Shirotani, T., J. Nucl. Sci. Technol., 25, 875-883, 1988.

5) Griffith, R. V., Dean, P. N., Anderson, A. L. and Fisher, J. C., “Advances in Radiation
Protection Monitoring”, 493-503, 1979, IAEA, Vienna.

6) Newton, D. and White, D. R., Health Phys., 35, 699-703, 1978.

7) Shirotani, T. and Suzuki, Y., Radioisotopes, 38, 68-75, 1989.

8) ICRU Report 39, “Determination of Dose Equivalents Resulting from External Radiation
Sources”, 1985.

9) ICRP Publication 23, “Reference Man”, see Table 108 (pp. 290-323), 1975.
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b, R YHREREDHET D, A—F—b LY NP ANRTHRELTV 3,
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INRIAITTY, BEIADII LTV LV T I, REBKYNH S, +—
FITAZT T4 —DHETE, WRCL->TeabDTH, EEBIFTAILIZE-T, 22
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Symbol Phantoms

Hiroshi Yamaguchi, Syozo Hongo and Hiroshi Takeshita

National Institute of Radiological Sciences
4-9-1, Anagawa, Chiba-shi, 260 Japan

ABSTRACT-We have developed Japanese phantoms in two procedures for computa-
tion of organ doses exposed to internal and/or external radiation sources. One
method is to make mathematical phantoms on the basis of ORNL mathematical
phantoms. Parameters to specify organs of Japanese mathematical phantom are
determined by interpolations of the ORNL data, which define the organs of
Caucasian males and females of various ages, i.e. new born, 1, 5, 10, 15 years
and adult, with survey data for Japanese physiques. Another procedure is to build

“symbol phantoms” for the Japanese public. The concept and its method of the
symbol phantom enables us to make a phantom for an individual when we have all
of his transversal section images obtained by a medical imaging device like MRI,
and thus we may achieve more realistic phantoms for Japanese public than the

mathematical phantoms. Both studies are in progress in NIRS.
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An example of a symbol phantom
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Comparison between mathematical phantom and symbol

phantom
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Liver. The liver is defined by an elliptical cylinder cut by a plane as follows:

and z,£z<z,.

(x/a)*+ (y/b)?< 1
x/xm+Y/Ym_2/2m§_ 1

BEfR7 7> b A

The liver in the age-15-male/adult-female phantom has been changed slightly from that given
for the age 15 phantom in Cristy (1980) to match the data for a reference adult female (ICRP

1975),

4 ORNL7 7> b 2DNFEDOEFES

Pelvis. The pelvis is a portion of the volume between two nonconcentric ellipical cylinders. The

Phantom a b Xm Vm Zm z, z;
Newborn 5.19 4.25 8.45 10.90 13.27 8.33 13.27
Age 1 7.20 5.47 12.83 16.55 18.86 11.84 18.86
Age 5 9.39 6.30 16.27 20.34 25.06 15.74 25.06
Age 10 11.43 6.83 21.98 29.67 31.21 19.59 31.21
15-AF 14.19 7.84 31.51 44.75 38.76 24.34 38.76
Adult male 16.50 8.00 35.00 45.00 43.00 27.00 43.00

PhantomVolume (cms)

Newborn 117

Age 1 281

Age 5 562

Age 10 853

15-AF1 350

Adult 1830

Mathematical expression and parameters of Liver in the ORNL phantom®

inequalities defining the pelvis are

(x/32)2+{ (Y_Yoz)/bz}2§ 1
(x/a) 2 +{(y—ya) /D }?2 1

Y 2Yoz,

0=z=z,,

and y<y, if z=z,.

Volume
Phantom a, a, b. Yot Yoz Vi z, (o)
Newborn 359 554 381 5.8 —1.86 —1.47 2.45 4.32 6.79 28.9
Age 1 4,97 7.35 5.28 7.80 —-2.47 —1.95 3.25 6.14 9.65 76.0
Age 5 6.47 8.48 6.87 9.00 —2.8 -—2.25 3.75 8.16 12.82 151
Age 10 7.85 9.49 8.34 10.08 —3.19 -2.5 24.20 10.16 15.97 258
15-AF 9.75 11.07 10.35 11.76 —3.72 —2.9 44.90 12.62 19.83 460
Adult male 11.30 11.30 12.00 12.00 —3.80 —3.00 5.00 14.00 22.00 606
X5 ORNL7 7> b & DBBROBEKR

Mathematical expression and parameters of Pelvis in the ORNL phantom®
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&2 ORNLOEK¥77 > 2 EOFEBTRLIZARA
B OEIE
Ages of ORNL mathematical phantoms corre-
sponding to physiques of Japanese male

Japanese male

N.B.| 1 5 10 15 | Adult

Adrenals - 3 6 12 16 18.5
Brain - 2.5| 15 31 31 31
Heart - - 6 - 17.5 -
Kidneys - - - - — -
Liver — — — - 13.5 | 17
Lungs — - - - 21 21
Pancreas - 10 12 14 21.5 | 23
Spleen — 3.5 6.5 — 14.5 | 16.5
Testes - 10.5 | 10.5| 11.5 | 18 19.5
Thymus - — - - 10 10
Thyroid - — - 7.5(17.5 | 19
Hight - -~ - - 15 15
Sit. hight — — - - 17.5 | 17.5
Legs — - — - — 14
Weight — - — - — 16

— shows both ages are same.

®3 ORNLOE¥77 > b 2 LOERTRLIZHEAA
LSRN
Ages of ORNL mathematical phantoms corre-
sponding to physiques of Japanese female

Japanese female

N.B| 1 5 10 15 | Adult
Adrenals - 3 8 - 15.5 | 17.5
Brain - - - 7 7 10
Heart - - - 11 13.5 | 17.5
Kidneys - - 3.5 |11 - 18
Liver - - 3.5 — 11.5 | 14.5
Lungs — — - - - 17
Pancreas - 4.5 | 11.5 | 13.5 | 17.5 | 22.5
Spleen — - 7 - 11.5 | 19.5
Thymus - - 1 15 - 15
Thyroid - 4 7 11.5 | 16 17.5
Hight — - — - 13 13
Sit. hight — - - - 15 15
Legs - — - 9 14 12
Weight - - - - 13.5 | 14

ER7 7> b A&
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NMR-CT Image and Symbol Phantoms

Syozo Hongo, Hiroshi Yamaguchi, and Hiroshi Takeshita

National Institute of Radiological Sciences
4-9-1, Amnagawa, Chiba-shi, 260 Japan

ABSTRACT -We have developed Japanese phantoms in two procedures. One is
described as a mathematical expression. Another is “symbol phantoms” in 3
dimentional picture-elements, each of which symbolize an organ name. The
concept and the algorithm of the symbol phantom enables us to make a phantom
for a individual in terms of all his transversal section images.

We got 85 transversal section images of head and trunk parts, and those of 40
legs parts by using NMR-CT. We have made the individual phantom for computa-
tion of organ doses. The transversal section images were not so clear to identify
all organs needed to dose estimation that we had to do hand-editing the shapes of
organs with viewing a typical section images: we could not yet make symbol
phantom in a automatic editing. Symbols were coded to be visual cords as ASCII
charactors. After we got the symbol phantom of the first stage, we can edit it
easily using a word-prosseser. Symbol phantom could describe more freely the
shape of organs than mathematical phantom.

Symbol phantom has several advantages to be an individual phantom, but the
only difficult point is how to determine its end-point as a reference man when we

apply the method to build the reference man.
1 @FU&HIC

REHFEIR IS & 5, BBGRLZETET LD, HoKREDY o RBEL LBAHRO = I vE
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=2 OMHEEE RN
10!]  left adrenal 2 ["] right adrenal 3 { } adrenals
4[$] bladder 5 [%] contents
6 [&] brain
7 [*] stomach 8 [( ] contents
9[)] UL 10 [*] contents
11[+] LLI 12 [ ,] contents
13[—] SI-+contents
14[ .] genital
15[/] heart
16007 left kidney 17 [ 1] right kindey 18 { } kidneys
19037 liver
20047 left lung 21 [ 5] right lung 22 {6} lungs
23{7} RM 1L arm 24 {8} RMr. arm
25{9} RM clavicles
26{:} RM up.l leg 27 {;} RM up.r. leg
28{<} RM pelvis 29 {=} RM ribs 30 {>} RM scapulae
31{?} RM cranium 32 {@} RM mandible
33{A} RM low spine 34{B} RM mid. spine 35{C} RM upp. spine
36 {D} RM mid region 37{E} RM low region 38{F} RM head
39{ } RM Red Marrow
40{H} YM up.larm 41 {I} YMlow. L arm 42 {J} YMup.r. arm
43{K} YMlow.r.arm 44{L} YM clavicles 45 {M} YM up. L. leg
46 {N} YM low. L. leg 47{0}  YM up. . leg 48{P} YM low.r. leg
49 {Q} YM pelvis 50{R} YM ribs 51 {S} YM scalpulae
52 {T} YM cranium 53{U} YM mandible 54{V} YM low. spine
55{W} YM mid. spine 56{X} YM upp. spine 57{Y} YM mid. region
58 {Z} YM low. region 59 {[ } YM head 60 {¥} YM Yellow Mar
61 [J] septum 62 ] nares 63 (—) nasal region
64 ] left ovary 65 [a] right ovary 66 { } ovaries
67 [c] pancreas
68 [d] left arm bone 69 [e] right arm bon
70 [f]  clavicles
71 [g] left leg bone 72 [h] right leg bon
73 [i]  pelvis 74 [i]  ribs 75 [k] scapulae
76 [1]  skull 77{m] spine 78 {}  skeleton
79 [o] trunk skin 80 [p] leg skin 81 [q] head skin
82{ } total skin
83 [s] spleen
84 [t] left teste 85 [u] right teste 86 [v] testes
87 [w] thymus 88 [x] thyroid 89 [y] trunk tissue
90 [z] leg tissue 91 [{ ] head tissue 92 { } total tissue
93[ }] uterus
94[~] trachea 95 {r] main bronchi 96 [!] oesophagus
97{ } trunk 98 { } legs 99 { } head
100{ } total body
101{ } void
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& SKELETON INCLUDING BONE AND MARROW
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[82]. 160E-06
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Mathematical Phantoms for Use in Dose Estimation of Survivors in
Hiroshima and Nagawaki
Takashi Maruyama

Division of Physics, National Institute of Radiological Sciences
4-9-1, Anagawa, Chiba-shi, 260 Japan

ABSTRACT-The T65D (Tentative 1965 Dose) was recently revised on the basis of
new scientific evidences which were available in accordance with the development
of computer techniques and the accumulation of nuclear data. For the dose
determinations of survivors in Hiroshima and Nagasaki, DS86 (Dosimetric
System 1986) is a complete replacement of T65D for the Life Span Study (LSS)
in RERF (Radiation Effects Research Foundation). In the DS86, depending on
the input data for a survivor, various elements of several data bases are combined
to provide the dosimetric variables requested by the user. The quantity finally
desired for the LSS is absorbed dose in each organ.

The calculation of quantities for converting incident fluence to absorbed dose in
the target organ was carried out using Monte Carlo methods. For this calculation,
mathematical phantoms were required. This paper describes the background data
used for the construction of Japanese survivor phantoms and summarizes the

mathematical phantoms employed in the DS86.
1 FUL&HIC

ABCHT 2 REHRHELE L 5 LT, BB - REFICB 1 2 FIRIC & 2 EMFERBROFAE
oI e cEELZEPRL TV 5, Bz, ##&78% (Life Span Study, LSS) i, t FDk
EHEB RS A OKRE - HRBGRCET 2 RELFERLREEL T2, ZOFER, 1950FLUK,
ABCC (Atomic Bomb Casualty Commission) »3%ME L, RERF (Radiation Effects
Research Foundation, BEHRZERZERT, HWEHEL b0 5) 25| sk siT>Tw 5, LSST
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i, #182,000 ADHHRE & 27,000 A (BURIE TRECTHINIC B L B2 » L AREE L) DR
HEREPMNSIZLT, B4, FHBUREFEL TV 5, 19854 3 TONFEROECHIHREINT
VB, EREES - TLSSOMGEVIET 20T, FECK b HmML T 5, &, Ao
LTV BLSSDF—&iE, 1950~19784EH 5 2 1X1950~19824FED b DT H 3,

LSSTEEL b DDO—21%, HIREVERD 6 I RSEHROMET H 5, 1965F - HERIZ
s» oz, ©WbW3TE5D (Tentative 19654 Dose) B LSSD e 2 A LN T & 72,
TESDIIXFB Y, HTLUBRANEENH O I o0 L S, ZOBRIR->THITINENS
BETH-12, 19804E2 54, BEEL S D ALDORARTH 5, BIROEH (FRO= AN
¥—T, ®%, TNTKEDHLktTEbINS), FE» O KHES WSRO A vE — -
ARZ PR ECHBENRB SN, FBREFREIHROFEFAROBTRAIN TS,
19864F 12 LSS 12 DR FHliE, DS86 (Dosimetric System 19864F) »MER 3 iz, 2 &
i, WIRREEED—FIL L TDSS6 28 L, s - MRBEE B DI itRESNII 7 7~
Az THE~NS,

2 Ds86

LSSO x5 &1, KB T61,804A, EIFT3L,7T1TADAF93,611IATH 9, T65DT10rad
(0.1GYLIEOBEZEZ I LB O 2 ARIEST7,753A, RIEFTS,920 ADAFH26,703AT
H 12, LSSORHRHIZ O TIkERY — P BR8N T Y, BB, ST, SRR
REDEBINT-3(H 1), DS86iE, LSSOMREMMAEND#ERES — Mo 686 hicE 1
DEHMEANFT—2 L L, REZRLCT(1) BHZERHTOMEY —~, (2)BAD 5 ©IidERR
ERBOBEHROEB A ~= 3 & 1 (3) AMEOIES: - MR EXETET 2274 (ED)TH
%, DS86% 6 D 11k, RERFOMFEEEHLSSFERT 5 LTRELIBLE T, 1 UERTHK
SHROBABICEY BT 2 LTS 5, BB TRAELCHR IR L MREPHETI, BEHE
ANBHICKAPCHEINS, PET LWE L OMEEHC L 9 yRERET 227, 2Oy
P 2RyRET 2, 0y, By EMBFEFICL O RAPTIBBCRELIZ 2IRYIRL %
i, By, BORERMDY COyREBREPETFICL Y RAPLHIBTRELL 2RyiR
LESY. BHEBG TR ARSDATH- 1207, Z06DREFHRYRBL EF 2R T 208
CHEERLTRELL 2KRyREM L TERBRIX 6T L5, 3613, MELOHEERC
& 5 2KyEHINb 2DT, W« MBKRER M >LTEIEINS,

DS86THAAAREHTEH S 1 2 2% - MBIXKRDISTH 5., BHE Ba, FRIR, W #L
B, B, i, B, K, B FE, R, KR B BE. Zho oS - MERORIGRE
DFtEE, 77 P2 ZACTITONEDT, 194568 4O HARAORIEZIEELIC 77 v b
LDBREVVETH 5,
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TRTOPESE

a. BoRWR, A, BIRERER
Blb 6 DIERE, MRS 6 DIERE

b, @k

B, BR(BARE, THLE)

{5 2]

c. #Rhm, BRROLY
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b. KEOX A7

LS ({77 i)

[FW (PIERHT 5 B30
ILW (AEB{ 75 B2 25)
HF ((RHEi» 6 D% 3)
FN (RHE D %)
SP(#» #if &)

ra—77F—2eHT L HRE

a, WEH 5 IRKBOERK

b, Zrn—7 DK

c. HiFH BB ERR~ DOFRRE

2
Description of DS86.

1 Input data to DS86 from RERF data base (shielding card).
BEFCRES AT EAS—F
s, 4 . it 5,
L260 a g BROH L,
HERE B
WRERTETH 5 AR DlESE - A 2 - MR
1290 B HZERH MARERTETHY oy 25
DEANE— - f 3 12D DGR D ol
EEF T A, ZHINE— -
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ZEEF O —, Ty A5
7 VI A5
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Japanese height and weight by age, sex and region, 1948

¥ & PR EDOEIZR 3 DI ThH- 12, 19394F £ 1948EDFEC I AER L B LIZ L v &
5TH b, 195FDHEANDFE G R, PHMHL L PFHREL LT, B2»6R2DE5
I HEEME R 112,

—%, BEZOF—x 2 niE, B, 194850 BARADMS, E#iEF & CHsRIF
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fiGEEL L CEREFRABICHEMT A, L L, JZ0MULETE, SERER LKLY
FORS(LoTvb, HREOFBIBAZEN KRS, TRTOAZCEYEZBATS S
LML 55T, BRI ALAOFEBELEBELII 77 V22 HV3 2 LA RBTH %,
EBRCR, KERMOTFHIZo-T2~3%D77 v Pa2HEL, BEUETHEBEALLTI
o7 b aTRESNRBILELTI,

RATIE, BHRLECESTERERERIKS VY, XWHOF—& 2k huf, FHHED
1bHYD T YXEERT AL, BREJMEAZED STIVFDOFRIIA-TLE 5. BATIZ,
ERLBEDEVALNSLD, BHEOBME L KEDERKE L PZEF-HLTV5(E5), &
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T A o»DF—2H 5, BHOEERSMIL, BKRATIE, 0ROANOKEEHE
#1045.7gL LT 3205 L T, BRATRBARCOTF— X IZETCTENGYPRELL,
BATT66.8gL I EDPAHCLNT V5, BRBMHINOKEEHIMIRIOL 512, HEA
ERRRATR RS p22RREv o, AP LDRELCHARADEERSHER 4 IR T,
BLUNDEE - M#EOAS S I FERER, AimiYs S CHPLIPHAALL D CTAIEL Te
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x3
HREBMOERD
1 BAA BCKA BCRA
BA 158 WA
(6 7.2% 9.2% 7.6%
HE 0.5 0.9 0.8
EHREE 2.2 3.3 2.8
HE 0.8 1.0 0.8
K& 2.7 2.7 3.1
WmE  13.6 13.6 16.1
ke 2.9 3.3 3.9
Fase  13.2  13.7 16.1
FEME  11.2 105 12.3
E 8.6 8.4 9.9
wE  22.2 185 17.5
KEEE 114  11.2 6.7
HEg 3.7 3.8 2.3
=4
Bt ik
Organs HEA BARA
Tanaka Aimi ICRP Tanaka Aimi ICRP
(1979) (1952) {1975) (1979) (1952) (1975)
Adrenal glands 14.7g 11.1g 13.8¢ 13.2g 10.5g 12.7g
i 1,440 1,424 1,355 1,308 1,256 1,220
Lo 352 309 330 284 249 240
B 327 269 310 280 235 275
JFE B8, 1,600 1,431 1,831 1,363 1,269 1,477
il gk 1,162 1,169 893
RS, 135 96.1 11 84.8
RN 0.56 0.66 0.55 0.63 0.75 0.62
LA 127 109 192 122 106 153
L 35.3 34.7
i) 31.7 24.9 19.7 25.6 21.7 19.7
BRIk 19.1 18.8 17.6 16.8 17.2 14.5

Tanaka et al. 21
Aimi et al. 22
ICRP Publication 25. 23
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3k, BEZOSHTIRES NIZEGHEEERIC & 2B - MEEE I3, Fisher & Snyderd?
BAR LB 7 7 o RACT, T ANVRETHEINRTE, 2077V &g,

BEERHRORL 50, B#HE L CMROKERD 3 Mg oERKanTw5, 3615, AF%
3oy, SESELE(FEAR), WA FEME) s & IR E () 02 (B 1), Bk Fim
FHEED T2, B6ICHENED 5 CIEMEORE, B, S3LEOTEZPa~{TET
P, R EDFT—XIIETE, ThoDTHERRD T, BETZ 7 MaZfER LI, 207
7y bhaitld, EBIRTEIE, BERPEUD, M, B, BLREOFERBFEINTV S,
FNOLDORES - MO 7 7 b ARONE, ENLOELRER 2y Ca—XHEPERIITA
5591, TRTEFERNIZRRINTL B,

=7 8

BEARAZ7b2aOD EHBREEERS2EC 7 7~ 2OREHK
ik Anterior view of the principal organs in the
Dimensions of a standard head and trunk of a phantom

Japanese phantom

B3~5 1R LT —2 D2, e RTHELESOF—2%23ELT, @7
CRLIEZ 7 b aDTiERO, 1, 5, 10, 15/ & R20MDBIBIZADET, RE5DLS
o, B5OFETHELLZ 70 2 OFEMEKRTITCARTY, AMFOFEEE1 LTh
W, FHREZ L GEUT A2 LTb» s,
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HARA DR E S E B

RS
20

R 0 1 5 10 15 B ki
&5 (cm) 49 74 102 126 150 162 152
E (kg) 2.8 8.5 16 25.5 44 54 50
W BH (cm) 32 46 54 61 63 83 81
BEES 32 46 59 70 82 88 84
77 v haBRE

a cm 9.5 13 14 15 17 18 18
b 10 12 12 12 14 14 14
c 10 15 22 26 32 36 36
d 13 15 19 21 22 23 22
e 20 32 30 49 60 65 62
f 16 27 43 56 68 74 68
HEEBRF) 2.8 8.4 16.5 25.1 42 53 50

5 DS8sTHWOLNET7Z7» A

Snyder 6 i, BRKADFHOBEZFMT 5129, 0, 1,
T, BRAZ7 b a%eBZ2l LTHRICRTEILR77 > ba®2fERLI, 36, ORNLD

5, 10 X 15D/ MRIZo

Weight At Bt Ct AH BH CH CL
Phantom (kg (m) (m) (em) (em) (m) (em)  (cm)
0-yr 3.1 5.1 5 23 4.5 5 13 16
1-yr 9.1 8 7 33 6.5 7 16 28.8
5-yr 18.1 1 7.5 45 6.5 7.5 20 46
10-yr 30.6 14 8 54 6.5 8 22 64
15-yr 54.0 18 9 65 7 9 23 78
Adult 69.9 20 10 70 7 10 24 80

IAIRE & FTEDL/2TH 5,

Dimensions of the adult phantom and of similitude phantoms. The sub-
scripts H, T and L refer to the head, trunk and legs. BH is one half of the

thickness of the head from front to back.

,Vs BNEEEE7 7 > b 20k, HIZHES, TILEME, LEE2RT, BHILHE
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0-yr 3.6 635 490 21.60 4.52 5.78 13.09 16.8
1-yr 9.7 8.8 6.50 30.70 6.13 7.84 17.76 26.5
5-yr 19.8 11.45 7.50 40.80 7.13 9.05 20.22 48.0
10-yr 33.2 13.90 8.40 50.80 7.43 9.40 21.78 66.0
15AF 56.8 17.25 9.80 63.10 7.77 9.76 22.89 78.0

Adult male  73.6 20.00 10.00 70.00 8.00 10.00 24.00 80.0

O-yr l-yr S-yr 10-yr 15AF Adult male

B0 2 bEa2—F5H1nw720RNL7 7> F &2 ) — X4k EX, AT, BTESEHIIK 9 B,
Computer-drawn three dimensional perspective drawing showing external views of the
ORNL phantom series. The variables AT, BT. etc., are defined in Fig. 9

Christyid, BIOIRT L3 RARTZ 7 P2 2BR LI BRAKED 7 7 2 b 213156 L[]
CThH 5, EAESCIUE 24 L 128 TEHHNTH- 12,

T~0RLIE 77 bald, T NEKBHEEOHAZIT S 2 LB I NIz,
RSN E 2SR T AR C b AT 2 2 7T 8 5, ERE, B D 2HHETI,
FOBEBR 77 FLDERIES s TRE REE 0D, FRRCEBD Y o3l FTIR
¥ - WEHOXHMO L (HDKC) 77 v b akHCIBA, 2006 0BRBIENHES L3,
NBEIROBA, BREEOLR LI > TRFRCIZERIEEL L2 L27H 2, FRIRE
Ky ML LIGBRO 77 b 2 BRELE L 5,

—Riz, RDO7 7y ARECRKAERRICELONT I, BEHLFIO AT, BFR
AEFRCKRA L OBtEEIA S, KED 1%, 5% L F10&ER, HEODL. 5, 7.5E%
SRR YT 2, BENLAY 2L, BORALHRANL DERBERIRS (b, BhE
RECKAT S BAATLRIBETH 5, RADHAABEOHRIBIIBKD 15D B T35 & UK

176



Vi— 4  BERAOHIRGREEH
AZELRICMTH 5.

BESRLNTIBROREI I SBCRALARATR» YR LBbNE, L L, BHE
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tnfant l 1
9.7 k
child NEW:("" a3 A, it HRERETE32077 020
1Agg: ‘;!Jm 12 ﬂ%ﬁ-
Aguit External configuration of three phantoms re-
isgeksgu and older peresenting adult, child and infant survivors.
O
- ®12

BE#d5 DAIEC LI L, Bk -
TEDWLINNDOEN 77~ b &
The modified phantom: kneeling with
articulated arms at 45°and standing
with artuculated arms at 90°.
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The Japanese Population as Viewed from Anthropology

Kazuro Hanihara
International Research Center for Japanese Studies
Rakusai Center Bldg., Oharano, Nishikyo-ku, Kyoto, 610-11 Japan

ABSTRACT-In the course of investigations on the origin and the formation processes
of the Japanese population through statistical and comparative studies of the
skeletal remains, I obtaind an idea which may be called dual structure model.

The direct ancestors of modern Japanese lived on the Islands of Japan since the
Upper Paleolithic age (ca. 18,000 B. P.) as represented by Minatogawa Man
which was unearthed in Okinawa Prefecture. They show a close affinity to the
later Jomon population, the people of the Neolithic age, on one hand, and to the
contemporaneous Liujiang Man from south China on the other. It is quite probable,
therefore, that the Japanese population has derived from the early people who
inhabited southeast Asia.

Since the Yayoi age, the final stage of the Neolithic age of Japan, a large
number of people migrated to Japan from northeast Asia during the period
roughly from the 3rd century B. C. to 7th century A. D. They brought rice-crop
and metal cultures to Japan and gave a great impact to the aboriginal Japanese
who were descendants of the Jomon population. At the same time, they were quite
different from Jomon people in physical characteristics. The statistical analysis
proved that the migrants were likely derived from the northeast Asians who
adapted to extremely cold climate such as in northeast China and east Siberia.

The admixture between the aboriginal Japanese and the migrants took place
after the Yayoi age and it proceeded gradually from west to northeast Japan.

However the influence of the migrants did not cover Hokkaido and southwest

180



AFHE>» G AIZBAEAN

islands of Japan including Okinawa Prefecture. On the other hand, the people in
the large islands of Japan have changed physically and culturally under the
influence of the migrants but the magnitudes of such an influence were different
in regions. Rather large regional differences which are still recognized in Japan
might be caused by the differences in the extent of influence of the early migrants,
or the people from northeast Asia.

The dual structure model proposes an idea that the Japanese population has
been consisted of early Mongoloids from southeast Asia and those from northeast
Asia who adapted to cold climate in comparatively later ages. This model explains
regional differences in culture as well as physical characteristics of the modern

Japanese.
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On Respirative Physiology

Yoshiyuki Honda

Chiba University, School of Medicine
1-8-1 Inohana, Chiba-shi, 280 Japan

ABSTRACT-The principal task of respiration is oxygen uptake and carbon dioxide
excretion. Because oxygen store in the body is relatively small and its deficiency
immediately causes critical danger for metabolic activities of the living organisms,
respiration must continuously be maintained throughout human life.

The amount of ventilation to obtain a unit volume of oxygen intake is called
ventilation equivalent (V. E.) for oxygen. For instance, V. E. 30 signifies that one
must ventilate 30 liter of air to take in one liter oxygen. At rest, V.E. in children
under 8 years is 30 and linearly decreases to 25 at 20 years. In maximal exer-
cise, this figure is 40 in children and decreases to 35 in adults, in the similar
manner with the resting condition. According to the literatures so far reported, the
values of V. E. appear to be the same among Caucasians and Japanese. The
reasons why V. E. in children is higher than adults and V. E. in maximal exercise
is higher than at rest are higher metabolic rate per unit mass with tachypneic
pattern and lactic acid production in heavy exercise, respectively.

On the basis of the data on metabolic rate at rest and maximal exercise in
Japanese, the amount of ventilation in terms of 1/min as well as 1/min/keg was
presented from children to adults. At rest, ventilatory volume in 1/min was
calculated to be roughly 5 in children and increased up to 10 in the adults. In
maximal exercise the corresponding figures were found to be 50 to 100 1/min and
40 to 701/min in male and female Japanese, respectively.

In summary, to determine necessary amount of ventilation one must take into
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account of the difference in body mass, metabolic rate per body weight, gender and

respiratory pattern.

PEROB S BELIING 31X, BEROWY ANL ZBILRROPBICH 5, BRI 28
ROFRRRE CEOULKHROLERDBIEFZ L5 6Lk, 2LT, 2OK
ZRELCEEKDFEZOLN B, fE-T, LELBEZYIRYI AL, “BIURRZHBT LD
LENTUDBMBVITO LRI NELR O U LW NEP oEREEEDL I L L LI,

| ;Y E(Ventilation equivalent, V. E.)

HrEOBELIO AN IDIZENITOERIMENICHEAD LIz iR 2EXbTE
PR 4B (Ventilation equivalent, V. E) EMER, 72 2, V.E. 30t w3 2 LiE, 1[0
FEMYANS D130 [ORFRAPLETHoI L5 2 LERKT 5, AVz—F>D
AAMTURFNR, RUVIGRT & 5, KD O PEEQESR: L BOGESN: L TV, EDfE
YRLY, 8EUTOFHTIREIBDMEIX0, HRBIRWOTH2E LHRELL, FRBALCHCT
R D25, BREHBTHLE LI, 72, FHPORACETL2ETIE, FRLELIEV.E
PEHET 5 L READI,

K1 PRFICRATOHEZ OHFREIFEGFETCORTJLE
Ventilatory equivalent (V. E. ) in children and adults with different physi-
cal conditions.

Children under 8 yrs  Adult

(liter/liter) (liter/liter)
Rest t.o moderate 30 95
exercise
Maximal exercise 40 35

Between 10 to 20 yrs in age, this value decreased by

one liter/liter in every two years. -

B1i, RREFFOREMIHIAV.EQHBELRLIZ, BREEARE, ARXAMFVFD
RLLAV2—FVORFLRFOFHEZRT, KADDEMZ, BARACZDCT/IMRALE
FROCOBMELIMETH2, 2RI NTIDIBALCNLD, BHLEARINSIVIFDEIZEST
ERCHIHBERLTVS, 2O E2EL A TBar-Ori, BA, BEAZ2E&® T, V.E
DUPRD GBEACET 5 2 TOM, EHRMIETT 2 LB~

PROV.EDKAL YRS CEBER, F—CBAEREYZ ) OMERBEIAAL VRS-
LA, BT, WRELVECILEIZL S, L FDORBEBREIARAZHROT S L WIEER
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V.E.nax

Vinax/ VOomex | #/2¥ % Japanese girl (Kobayashi; Yoshizawa et al. )

B2

“r ® Japanese boy (Kobayashi; Yoshizawa et al. )

_ .--= Swedish girl (Astrand)
*y

Sa |

* . * .
. * + Swedish boy (Astrand)
30 b . >
* . -
25 P~
1 ] 1
20
5 10 15 20 yr

1 BR#BALEWV. E. max)
Maximal ventilation equivalent (V. E. max)
* Japanese girl (Kobayashi; Yoshizawa et al. )
® Japanese boy (Kobayashi; Yoshizawa et al. )
Swedish girl (Astrand) Swedish boy (Astrand)

100 —
80 |-
AT Excess
\'/ 60— , }encilation
L/rnin 40} :
[}
20 1
]
[¢] ]
1
100 :
P \——L/
202 o0 "
g t
8ol !
1
40— ]
Paco, [}
mmHg :
30— |
]
740~ :
ARTERIAL \
— 1
pH 732 H
724 1 ] | L | 1 1
80 100 120 140 160 180
PULSE RATE / min
—t— >
02 CONSUMPTION ml/min
>
WORK KgM/min
HEEoma g

Ventilation during muscular exercise

Y . total ventilation/min; Pao, and Paco,: arterial O, and CO, tensions. The
three indices of the severity of muscular exercise (pulse rate, O, consumption
and work) increase linearly from left to right.

Ventilation increases in proportion to the severity of the exercise up to the point
indicated by the dashed vertical line (AT). Thenafter ventilation sharply goes up
with excess ventilation.
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DILEREED 1 AIPEIREDORI/3% A T 5, 2 0L, PRI L { L 2 BA AR RLic e
CIERERADTE Y, SEROMRARL RS LEC ERBELR ARBREERTS 2k 3,
MR E DL 5 RETRD G TV 2 PR AHORY Z 0N, 2t b 20—HIIMHo
WRIREEN PR o TIHENT A MEHER AR O ik EMRE 2 BT, PRPRIZ b 26 3 bR
EWMHIEEL T2 2 L RIEVTH 5,

372, BREFEOV. EXMMEIERT 20> 2R 2 THA LY, EIfECBRRIEEEY
BT 5 b, PEEQEBER & TSRV D HBKIHMT 5, UL, EHHERE SR L
T, VbH® % Anerobic threshold AT)2#k 2 3 &, EBRERHCEHO A NVvF—D—Fd7 1
rhbndsdicksd, zDOGA, 2BOFEPERS h, ML Y /PR Ml
SNB, o T, RUSRT &5 CHENERE LRAO KA kb, VRAK: EAT 5,
BAEHFOV. EAX - OREL ML, KTHZ Litks,

Il REFOMBRT[E

B A N D4R R TFHZHEY L v, 4.80/Kcal VBRI BE I AL T A L L, |1 IR
LIeV.EfiZ v T, FMAHHRAELR? LE3 RLI, RAEDOHMAELR, BTl
W TIE 2 FD3.51/mind & @i L, 16+ T126.31/mini2 3 5, LUREHE L, 70¥ Tix4.21/min
L s, KFTKR 2 FD3.3/mind 6 12F THEHD5.61/mink % b, 70FTid3.6]/mind THi
W5,

%2 BARADHLKERINOLEBRAE GRAHL X 1 ORIALE L b FHE)

Resting ventilation in male and female Japaneses with different age
groups, calculated from basal metabolic rate and V. E. shown in Table 1.

Male Female
years | I/min  ml/min/kg | 1/min  ml/min/ke
2 3.5 255 3.3 252
4 4.0 237 3.8 228
6 4.4 210 4.0 201
8 4.8 186 4.5 174
10 5.3 162 5.1 150
12 5.8 142 5.6 133
14 6.2 120 5.5 112
16 6.3 108 5.1 97
18 6.0 99 4.8 91
20 5.4 88 4.4 85
30 5.3 85 4.2 80
40 5.0 83 4.2 78
50 4.8 83 4.0 78
60 4.5 80 3.8 78
70 4.2 80 3.6 78

Energy consumption of 4.801 Kcal was converted to oygen uptake of one liter.
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al/min/kg

200

150

100

E3 HHREORIR

L N ) . L 1 Ventilation at rest

83 DREBATOEKESRAE(Vena)o BNESRFOBRZINER L RALE
& WEHE
Maximal exercise ventilation (Vggex) calculated from oxygen uptake in
maximal exercise and V. E. in children and adults.

Male (n=157) Female (n=141)
I/min 1/min/kg{ 1/min  1/min/keg
5—06 40.1 1.98 36.0 1.92
9—10 50.4 1.68 40.0 1.29

11-12 65.9 1.83 65.1 1.62
13—14 82.8 1.79 66.5 1.47
15—16| 102.9 1.85 57.4 1.17
17—18| 108.4 1.74 54.0 1.07
19—20 100.1 1.67 52.5 1.04
30—34 86.1 1.33
40—44 85.8 1.49
50—54 76.0 1.25

years

Values in subject 5-6 years are the data from Yoshizawa et al.®
Other values are the data from Miyamura and Honda.”

—%, KE 1kgXy Y DIFBRAR TR, Bt b 2y HEET, %1 & hn255ml/min/ke,
252ml/min/kgTH 3, 2k Y FRE L L KT L, 70Tk 2 & i, 80ml/min/kg, 78ml/
min/kg t 1 %,
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Miyamura t Honda”, #HiR¥ 6 OFERINBKRBRITIES VFE L LEARAREZRI &
4, 5ITRLI

IR AR, BFT 5 ~ 6 D40.1//mind> 617~187&D108.4//minZ THML, LIF
W L T50~54ET76.0//mink 2 - 12, KFTIE 5 ~ 6% D36.0//mind> 513~ 14mED66.5!/
ming THEML, LML T19~20T52.5//minT 5 - 72,

v | imin

=4 _
BRI O BAEV nar)

Ventilation at maximal exercise (Vmax)

~ male Vpay

= famta Vo,

5
BRSO BTRE L Y OBKAE
Ventilation per unit body weight at

maximal exercise.

—%, RELY OMMABTAHAT L, BRE b5~ 6T Z2n&N1.98//min/ke, 1.92
[/min/kg t BEEERLIZ, 2Dk, FREE L D CPRHRERLLYO bWHBIL, 19~20/%
TZh&41.62//min/kg, 1.04//min/kg TET LR, 3 GUEBFRADEIRFONTEHY,
50~54&T1.25!/min/kgd TIKTF L7z,

e

D EORARANDOEMINGRABBEDHELXPENT 2 L, BEHRTREH L 25 ~10/0IA, BAHE
BREC B FI350~100//min, KFTIX40~T70//mint 7 3, FBARICEET 2HF L L TR,
RE, BEE), M, Wl sx—C L EVEITFohs

BE B
1) Astrand, P-D. and Rodahl, K.: Respiration In: Textbook of work physiology, International
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student Edition, pp. 185-254, McGraw-Hill Kogakusha, Ltd. 1970.

2) MATE; BARADZT 0y 287 —— RN L 6 EA#B L br—= 7O, pp.20-
25, FHMERL, 1982.

3) HRKAL, AEEF, REETF - HROFHRROMERECET 20%E(D), EhRHE 24, 37-4,
1975.

4) Bar-Or, O.: Pulmonary response to exercise in children. In: Pediatric Sports Medicine for the
Practitioner from Physiologic Principles to Clinical Applications. pp. 30-33, Springer-Ver-
lag, 1983.

5) Comroe, J.H.: The hyperpnea of muscular exercise. In: physiology of respiration. 2nd ed. pp.
234-241, Year Book Med Publ., 1974.

6) MEER, AR, LLE, EEWLE, R, SRY, WNF4A, FORRRIE C Afnss
B, RBELRH G = AVF—NH ppb58-564, ML, 1985.

7) Miyamura, M. and Honda, y.: Maximum cardiac output related to sex and age. Jpu. J. Physiol.,

23, 645-656, 1973.

<3 &w>
ER(BPE—B) :

AHEEDSHBORELFFEDL I LB, BATRD : ) EFBMCHETC-L20DT, EE
CHECER-:T,

Q . FALES :

FATR Ao Led, OTHRT 5 & 5 LipkE, BTHRTS 2 CREOFHRE L,
el EQMORDY, BEMIZEHIECTIG,
A, FERTT:

ATHR LICEADHBRTARL VI VDR, BTWRLIGEA L ) A5, DL biEe
TRM»DHECIZILETHY, ERNCIZODHEDPOMIRTE L, bobtiz{3A, L&D
RKATI20~130Y vy bvdTiT 8 23, LL, BOBARZI 2T,

7273, ANMZEP CPHEL T s LI BIRERBETH S, —2lk, AP O6A-TEL
ZEREPRESBEAMS T2 (2 hZ L0 ERBERIERLTLE D), 2hdvs, OPBUTE
BEANDFA X, FEEICHERPOREL» Z 0, BRBESDY, FEFCRES LR T35,
Ei, FFURAGB) DA, —BRIZD L b —Pic 7, 8 ML, 10801l L OPPIRE -
PHEECIEDY, SAFP-THY, 20k, B ORZPLRCTA»GEZ T 254,
FECHLE, 2H0I3EEDOHAAIAFBUGALCEIZLT, —BE»LRET AL
S5iEF5E, FEZI(LBLVCIMAFELDHB, TTH06, RIFECKBEBTHIE T, 8
EoTl, B%23 0 MRTS LT, ERFELTLE @M H 5,
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FCFHBRATEATCT, £5L S, OPLPRT 2, (RE: 25TT.) 2O, Eh
LDOPHREDH BV, Z25¥T 22/ LCEHRELOBBOLIILIDORDY T,

A. ZxH:

BREEDHHER, 24, 2503470, BRI TERCAAITPRIZY» G, AL oL
Twa RS, RRILDBREBRTI, 2505 Hd 6 LICEKRPIRE N, &2 6 (OFRE) ik
F7~8BIIcEE L5, ZnLIER, APOCTLRVETELL,

B :
Atk, BRLERTINEALIBEACELET,
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Radiation Dose and Public Health

Yukio Takizawa

Department of Public Health, Akita University School of Medicine
1-1-1 Hondo, Akita, 010 Japan

ABSTRACT-A major interest has been focussed on the assessment of radiation levels
and doses in Japanese people that have systematically occured due to the global
proliferation of nuclear energy industries. Judging from the public health, two
problems of radiation dose characterized by exposures to nuclear explosions were
reviewed.

(1) Although the accident at the Chernobyl nuclear power station was of a
serious incidence, a tragic event for the people mostly affected in countries of
Europe and, to a lesser extent, in countries throughout the northern hemisphere,
the radiation exposures were, in perspective, not of great magnitudes.

(2) The concentration of fallout plutonium in various human tissues from sever-
al countries are summerized. Plutonium concentration was found to be highest in
bronchial lymph nodes, followed by the liver and bone. The concentration in liver
and bone agreed that with those estimated values obtained from inhalation intake
metabolic model of ICRP 30. However, the observed concentration in lung was
considerably higher than the estimated value. The analytical techniques relating to

detection of transuranic elements such as **°Pu, must be more developed.
19864 4 AU RELILYEF v 74 VRRFRZE, bYECHCTHEMELONTVR

TR HEL s BEEFRELLOL, BRODVCITCAREDDLER, —HThdH
EORFNRIABOLFHBRECAY, FRBTALHRRES U 284 2 vEERORR
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FHEDTEMRIET 5 L L s, HARMCREEME, LIV =T a2 0D LT RFER
BB~ DELYEE > T3, DL 5 LHRE, REFHOMBRBEAORBILELZS
T, BROD L Y EHCREHORVEFHINTV S, b LIy, BROZULIHIRL
BECAT 2B PREKRL, Bk, ICRPREE» B4 OEBRB» ORAIBRENRET S
RBELBRETFM2EE L Tv5, 22 ), MEFHHRD 2 NMEFEVERINIDUTH S,

ST, HEFHCED 5 ABHES S Z2OMERT IOV T, BREEEDOIEHL 6 F
2N T4 VERCL A HIRRBOMMEYE LB L L b, BELACEBSRTSEY
S UBOBRETMOERIISVWTESEZH DY, BRL 2V,

1 FIA/74)VREREBCL IEDRBUBDOWME
—RRMER & L THHbisE

RAFIxT 5 R dose to population?EFLAED Y R Z7DIFE L L 21D IZIREMO ANk
B ICZ20MERFEPER L TRES N UTNELG6 2v, Jok, AREE LR, A%
FEELRBEFETH- T, RREORENER LB, #H2, UEZSUERORENER
LB LICBARNBBNERZE L THIS N2 bDTdH 5, ICRPHWREFH
BAOLRLES(DBECHCT, (2)BROFMET, LEAELTVA2QRBEDURTH- T,
DHYETRKEFES 6V L - TIE%H & AReference Japanese Mansk EH L 3T 372,

LIAT, BRYR Y 2 HIBREOHETMD 5 ik 2 0 LROHEE X, #1112 ATHE
BE b HARRSTREDRER, 82 CAMEBREROHE L LT, BREHFOALS & U BRBEEHER
O L8, 3 CASHBGREOTME L TEREH 2 IR OENOFY, Tz h
FRRATALEDN DB, 221, Fan 74 ) EKIC S 3 HEBEEOFE Y mNEO—K
BRTRELIBEZALI LT3,

BB D METREE R P b 126 LIcF v ) 74 VERIE, FRCHELRES RBED
12 LA E (#F50MCiTI108 L v 5 IR IRBICHER L, &4 AR TI115520%,
Te, Csp’10~15% % i, ZDMEEBESRAER M LBY 7  BRE»E 2 ~ 6 BB L T
32, AARTIXER 1 BUNZROBM6IES A 3 B CKGERTH»EILF TRBS D%
ZH, SEETKETREHRLTER S nI2Y, BB, Cs, ¥'Cs, *Sr, “Ru,
106Rn, 32Te, '9Ba, “La, “CelR EFTHY, LR YEENK S CBEEICH V- TLER
HA3NTW2 DT, HoWIREREHIBT, EML T 5, UROHMERTRIIASKM,
ECCERMRc RS EARASH, BEBEECHSYABTRIEO X —VTREY, 20, KX
b6t RE~OBIT, I CEAOERERER b TAH—ERLIS

EER 2R A2 UNSCEAR 2 & s BHERKFBCHFS T oML L T “Cskud U
WCsPH Y HIF, & b HIMLL 2R 7 e —F o Eh P, MERECIEELLY
B2 o ONBHRE & SHERESE» CONBHB LY EDRBELEL LTRKDLN TV 5, R
CHENEHCS T AHAORIBELES L CRRRGELEOPEELZRTY, Thitkat,

198



Vi—-2 AREHEEIS

R1 Fnvs 74 ) BEREHRCHES FEIC Y 2 FEHRELE
Country average of effective dose equivalent (uSv) from
the Chernobyl accident

3| 24 FERRUEmMSY) | FRRER 4B (mSv)

A—R PV T 0.65 2.3

IV x— 0.17 0.47
72425 F 0.50 0.90
AV z—F v 0.21 0.44
24 R 0.21 1.3

BE4Y 0.30 1.5

4297 0.49 2.0

¥Yry 0.37 2.7

TANTF 0.11 0.51
N2y IS 0.11 0.40
A5UK 0.07 0.41
795V R 0.02 0.13
Fre—2 0.03 0.07
N F— 0.04 0.31
AF¥Y R 0.04 0.19
H & 0.007 0.07
Fva 0.02 1.0

TAY - 0.01
AIrE 0.003 0.004
AL — -
B b FH v 0.006 0.02
TARZ N 0.001 %N
F—=2+297 - -

ImSv=100mrem

F1PHEGEEOENBRLROHEEMEF AOTH - TR
bOTH 5,

E2  EHBRL VLD FHBRTREDOKRECIELEXTH B,

#E3 ! HADIJEI, OECD/NEA ~O#&r s (19864 9 B) TO¥
BHETH 5,
(OECD/NEA CRPPH - Report, 1987)

19864F- 5 AH 6 1 Mz H U A BADOEFE LRI, ZEOFEMEST0.001lmSv—0.7mSv D
BWHECML T3, 23, OECD MEEAE(AOK 8E) OEMBRBE LRI, ENRELE
T#166,000 ASv, FURIREGE LB THI300,000ASVEHESNTV 5,

NG OEIBREREMOBMIGIRFEONKE L - 1254, ROIH/LTRE(RL
b, Lobi, (1)Prv—2ab s OEBEyRER, (2)BA, (3)HMER~DETH O vk
BB, (4)FRBBOFE, LEOKBRREDS B, (3)L(4)PREUE~DHFFEREL{L
TV 3,

BT 5, HEMMICHEOIREERL LT, HRORMASR, #¥, LwoFFRKA»E
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Ha3h3, L, ZETOHBED P CEMNEFT — X QBB HIEL ST XA—2DE L
EVH—3NToROCIEIZIBIE ELONSG, bRAa, HRAKE»COHETY,
BWIEFDEZEROKRE I LPATTALENDH 3,

2 BUFAROERNEE L ¢t DREFTM

BB LB ROREN o TRBCKHE SN I LY THINSELREEEL LT
®Tc, ], #'Np, **Pu, *'Am, **Cm, *°CfL F »H 59, MEKBBERIFE O AREH
HOBY 7 UEBEER2IIRLIZYY, TRLRAKNIZERbAINS L, 2n&nOENRES
ST, BT AIELVELLNS,

®2 HEAEADOMEARBENRIFPREHOBY 7 TR

Transuranic elements in nuclear fuel waste of PWR

TR HE(g/t) HEHRE(CI/t) FEE(W/L)

U 9.54X10° 4.05 4.18X1072

Np 7.49X10? 1.81X10! 5.20X1072

Pu 9.01X10° 1.08X10° 1.52 X107

Am 1.40X10? 1.88%102 6.11

Cm 4.70X10* 1.89X10* 6.90x10?
it 9.64 X10° 1.27X10° 8.48 X107

RV ER 1t MEE 33MWd/ke, Kr31HAK 1508
(Benedict, 1981)

BY 5 Y RERDBRE—EWFIIDIROBMRRT I N2 8B TH 5%, REFMOFHIEL LT,
ED& S LB ANED -2 28, ERREBITLZCLERLTC 2 2ME 2 LA
REEFLEEHEIKE O,

2-1. BYS  TROGAKS
BY I UVREROIERELRICRLIHY, KBV B HSET, KNEEHLECLD
®I BYSUREOAMEFNE

Acute toxicity of trans-
uranic elements in rats

ot LD50(xCi/g)
#7Np 0.003
z9py 0.05
1AM 0.11
24Cm 0.11
2s2(Cf 0.015

(FE) 7y MORWEEGR)
(Moskalev (1972) D 7 —
X ®E)
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PEERB|INATV5, REPTHE2OBILREZ LY, RN ILRDBA 4 v 4R
EHIREA A VIBETRIVKRC L > TEAK R FRUEZERL, 20N oKED
KEREECEMIBORY AL L E cB¥ 515,

29+20Py (LI'F, 2°Pu t § ) H¥ARMIZEN 9 34 & 0 5 BB IS AR DA, TRA L& HIRIRD
2o0F 65, *PudfiR AT, WIEELEY (HERIE P 7 = VEREEE) B~ D%
TRIADRE L, FREEEAY @) BREFPIHCERBL, B2 IUFEL E ofuEs
CBATT 59, AT L 22 Puld B ¥ & AP IRIE4526 37 2 300 L, A2 r -0 1%

R4 =V 208MENIC R R

Distribution of plutonium radionuclides in various animal tissues

Puobn| BLEMGE | RSE | CUD| BEGOWME | BHXK
HEAPu | =V R - B#EIKk 3.3uCi/ke 3 EH#5 29.8%
REBE © 34.5%
Schubert, J. et al.
BAHAPu | =V X - BEIR 2.6uCi/ke 3 B 19.7%
FFBE - 44.9%
Pu(NQ,), | & - H#ik 1.05~2.29 1 B8 1 39%
uCi/kg FEDE © 10.9%
112. | ##E: 35%
FERE - 17.8%
Taylor, D. M.
Pu(NOs), | #- %A 1.74~2.61 1 B 4%
uCi/ke BrlE - 0.6%
112 | B# :19.5%
FFbg - 8.6%
HEEPu KT v b - BEIR ) 6~90uCi/kg| 1 FEI% : 35.5%
AR 0.26%
90 FFBE © 1.6%
Feh 0 0.26% Mahlum, D. D.
EAKPu | BB v b - BEIK | 6~90xCi/kg 1 FFiE © 67.6% and Sikov, M. R.
Wk : 5.58%
90 AFB& © 50.1%
M 5.05%
Pu (NOs), | ROFEERE#RK 18~22uCi/kg | 30 B 5.7~-68%
JiFhE © 77.0~84.0% | Bair, W. J. et al.
REREE : 4.4~9.5%

(FEA%, 1980)

201



BT1004F, FFRRCA0E L RS G T 37, A L2 PuDBEt X EEL IR L v £, R
BHH»6 b P3N S,

EREOWIEEPUORALSN DR A2 L, R4D L I, KEBFVIFZEL, BHEDS
ARBEDZENL Y LI L B~OPuUBTRIIA L v, —F, BOFROEE, *PudHILER
N N TARSEOBRIEHH72.5X1075° 6 1 X10™% L8 {, WIEHLEHT $1.3X
109 61.9%BE L 31, KA~OFGIOCTRERTE VbR TE, LL, 2D
BHEEOCTZ2OBOMEL GRS AT & 5 ICHBERNE {,OBETH L 3 NI,

%5 PulbA¥oOBBERINE f,

Absorption values (f,) of plutonium from the human gas-
trointestical tract

Publication 19 (19724) Publication 30 (19794F)
e f, {2 f,
T iE R | 100 Pudg it & f7k | 107°
(PuO,%) &7
SHYBEUHCILAY | 3 X107 | ZDMORRERRT | 10
(75 Pu %) EBT 28%DPu
e s <t

2-2. AMFERP O PUERE

— i NDEA2PURIZERE, TOL I CHRETHE(RES N, 205HEIWLTY » %6
TbobtbkhkE!, 20TH, BLREDELZ->TWw3, &I AT, 1960FLHIRDARENH
DO®PURYEMERL TV 5 2 LHEH SN, YEOFRE 2 FEMRE L cMclnroy 6 ¥ AR
BO2Pub’ 2 U E B v b L1z, #1712, Takizawa 6 23 SB#H7 D 506 (19804) TR LIATO &
SREEVEONLCI LEREL T3, BP0 X — Y 3T, TE, KBRESETE
A6 N B DT, Singh & R ILEIBELT 5 2 L 6, KRRE GER) B ABOREMIAR L
LTwv3,

®6  AECI Y 5 AR PulE(CH ke—RER)

Plutonium concentration in human tissues in several countries, in fCi/kg-wet

PRERSF 5 i P01 i B ® & 27 Bk IR x W
1959 0.8 5.0 - 0.5 0.5 - 3.6 — | Krey 6 (1962)
1965-1966 0.5(14) - 0.8012) - - - - — | Magno & (1967)
1963-1969 0.1(3) 0.1(5) - 0.2(5) 0.1(5} 0.2(4) 1.6(6) 1.1(5) — | Takizawa & (1971)
1991973 0.2595) | 2.78(68) | 0.78(85) | 1.88(70) —1 0.43000) | 0.5730) -
Colorade
New York 0.16(60) 0.68(57) - 0.57(57) | 0.43(60) — | Campbell 5 (1974)
New Mexico
0.41(93) | 3.14(81) | 0.41(83) | 0.14(76 0.21(57 0.68(9 -
¢ ARE (93) ) (76) (57) (9)
1963-1973 _ _ Okabayashi
North Japan 1.18(27) 0.81(19) | 0.58(19) | 1.07(12) | 2.66(14) 3.4(6) ¢ (1976)
1970 0.23(10) — | 0.57¢10) | 0.02(5) —| 1.100(5) - — | Kawmura(1983)
1974-1976 0.3(150) 2.6(48) | 1.3(153) | 0.1(164) | 0.2(148) | 0.4(31) 0.4(96) | 0.8(108) | McInoroy 5 (1979)
1977-1979 0.17(9) 0.68(7) | 0.55(10) | 0.03(10) | 0.08(11) | 0.22(12) 0.02(4) | 0.01(1) | Singh & (1983)
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RT  Bim(1980-19844F) @ 3 » EiZ 3 1F 5 AT Pu lBE(Ci/ke-iRER)
Plutonium concentration in human tissues from three countries (1980-
1984), in Ci/kg~wet

A Y (EB) EEHEK) BA(3BXR)
(Bunzl ¢ Kracke) (Papplewell) (Takizawa et al)
1980-1981 1980-1984 1980-1984
fiti 0.028(29) 0.059(30) 0.11(66)
g 0.53 (28) 0.70 (29) 0.62(59)
B - - 0.03(24)
L - - 0.08(17)
F
k- 0.073(29) 0.20 (30) 0.08(13)
iy 0.092(30) 0.14 (3D 0.21(16)
VIR it ) 0.058(30) 0.32 (25) -

1.0}

0.01,

Lung

%8 HBARAOREER®PuEHHES LU

ICRP-30& 7 v iz 360 { #EME
Concentration of #**Puin Japanese
and estimated value from
metabolic model in ICRP 30 (pCi/
kg wet-weight)

L | IEBh®°Pu | ICRPEF VI
Bow ERNE (Fp i) | -0 HER
i 0.11 0.019
FF 0.62 0.56
B

W& 0.08
HeE 0.21 0.1z
* KERE

B1 ICRP-30 fX#(RA) T v IZHET (AR
B s 2 PUiREE OHEE
Estimated tissue burdens of #*°Pu for
Japanese via inhalation from metabolic
model in ICRP 30 (pCi/kg wet-weight)
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b D ETIKEF - Pull Y K CHERD5ER L, K#s & CREFHMEiE 7 v ICBIT 5 IFED
HoNTv3, I TRICRP-30AEEFT Vit KT THRNBE2#E L, AMERESEOERR
B L AL TAa7:, PUAKRBEDBREOHEE, BRI DT iBennett' VD Kk % 28
L, Z=&HPu® AMAD i30.4um, E#EEZ 2 5 AYLREL, BBEEED 7 A —X 38
WADBEZ VI, HEEFHOREMM 220 LIS, B CKHIzs U s HEEMEPHERLI.
—75, 1980~ 824F- DFET- M- 3 1 A PullE#5 R LICRPEF V& b DHEEFEO LB # A 5 £, R
8Dk 5, B LUHFC L { —% L, ICRPEF vidfallout Pud & 5 LG8 T2
TssZtdbirols, L, MilZ¥d) s HEEMIRFAME I LSTEL, iz Y75 v 27
I[CRPEFNVE Y BCZEEL OGNS, 22T, BREEFMRECAT 2BABMOFTGRLH B
b, 19794 EE D BIE R D 6 AFH50.45%, BH70.48% L k12,

PudBE R FHTREL b, AMESHOMELEBRTE L v, EROBETE, 7
YEEPUD & 5 R EME LR PUD & 9 Lp R L AR OB E IO A — X TH Y,
RABPUIERIZ L > TI0* A — & 2R L1, fallout Pudiga, IBERNEZ10E T h,
FFEBios i 3R 0RO E S IR D #150%, SE~DFERIIH0% L L5,

2-4. *puddizEREt

EERER AL, —BRARCE U 2 BHFEZICRPOMiEF v E2MHAL, 75 AY/¥5 X
— R (PEET—n VR ICHEY) £ L TERPPuUBEZHET 5 £, Z OMERMETD
PullEEQRIEBREL LCABT A L6, PUOTHRMEYRID L J RRL TV 5,

R b=V s REHERRED BAIEEE Y b OTHFERE (Gy Bq)
Committed dose per unit intake of Pu-238 and Pu-239 («Gy Bq™)

238Py 23%9pPy
MR A Bo A #%n
(Class Y) (Soluble) (Class Y) (Soluble)

Wi 16 - 16 -
s 3.3 0.008 3.8 0.008
B IR 42 0.09 48 0.1
PP, 9 0.02 11 0.02
HEFR IR - 0.001 0.001

(UNSCEAR, 1982)

2-5. ICRPIZ&L 3PURITEFNORMBER—L TV

WPuDENRE P ELA T A RFIRMEEE L = —a S VORESHATH 5 2%, &, FFizowT
WICRPEF vizfallout PUl@HFRETH Y, Z2DBERNEXI0CLT LH#EwRINIZ, 2O
R, BOERINL 2 OMIPEEFRCI B THE I LERELTV5, —A,
RO EEILERE B L TKES, MZzY) 75 2P ICRPEFVE VB EPE LGN
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Q. FEIERED :
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A, BE:
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Measurement of Distribution of Low-Level Internal Radioactivity

Satoru Kawasaki
Energy Research Laboratory, Hitachi Ltd.
1168 Moriyama~cho, Hitachi, Ibaraki, 316 Japan

ABSTRACT -A new technique for measuring distribution of a small amount of
radioactivity in the human body is described. The distribution is obtained by
analysing the difference in gamma-ray pulse height distributions measured around
the body, which contains information for not only unscattered, but also scattered
rays within the body, by use of the response function method. The analysis is
performed by the least squares method with the condition that the radioactivity is
greater than or equal to zero.

Basic experiments involving the measurement of two-dimensional radioactivity
distribution in a homogeneous acrylate block (40cmW X 20cmH X 50cmL) contain-
ing two *7Cs point sources (0.8 and 1.0xCi) were made using gamma-ray counts
measured by twenty 2" ¢ X2” H Nal(Tl) scintillators arranged on a circle, and
the response functions calculated by the Monte Carlo technique or obtained by
measurements. The distribution on a 10X5 mesh division was successfully
analysed using both 20 unscattered rays data and 100 scattered rays data, for a
measuring time of 10 min. The mesh size was 4cmX4cem, which was about one-

half that possible when analysing only unscattered rays.
1 & g

E B ik aTEREG #E A 2(ICRP)IX, NEBHIRMRETMBI L T, fERDMREBMEB R L T2
BEE 2 TMEOM BT NS 2 L RLITTHRERE SO TREL, BRNLEE €7 v % Pub.
302IR LI, SOEF VK, RERERE, FERKDIZD CHRAFIRL 22 REHERECO
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T3LLTH0FH, T4dbb, HES, FBRE, BHRLCBEEOERLSREHET 5 Faks
Y, fBEGRE, LFHE, WABROBACIIRART vy v ORTER L PRI 55K
BEBZLELT 5, BRTHREFFCANERBRER L L TRESN T ER—VET 4 B
Uy R—TREGEVHESN TV 5, 3612, KAOKRETEESHA Y M RET 22 L2 T
FE, EORBELBYHET 2O LELFEREFL I LT E 20T, NEHRTE LD
R—NWRT 4 AV Z—DFATERI BT IDOLZEZ LN 3,

RSB i # BIE T 5 1% L L TECT(Emission Computed Tomography)iEb 4 E2
OAFCTERILANTV 5, ECTETREND 6 KIS N2y RO RE Hm b sE 2K 5 %
ByhHY, BEHREZ2Y A— LTHET 5, LI2hioT, HELBEEEZ S50 L2
B CECTEY @A LISGA, RELINAFEEL D7 — X2 Ra c3NERHZ &
(RELZ U 6 FERNTIRZ W,

BEGIX, BA»CHBSNIyRPDH LV a) A— T EHRR(BET A LIZL -
T, BMELBGHEWEDO ZRILGMERD 5 2 LT s 5RELMFEL T 23,

2 HHEED AR

2.1 PEHZE
VRT & 52, AKEEOINLE BE L 70RE 5 AT 5 iR EERC ¢ AR AR
P8I LI L S DIERNOBETEEIREA, L ORI, WEBERZHCTKRATERDLT 2
LTS5,
C= ?R“Aj (1

j—th position

1
Detector Cj

B__o d y

i-th region

E1 AERR
Detector arrangement around a body.

22D, IERIR, L, ISR AR D ETREDTD B L 3 OB ORI - ASHT 2 EH R
TERSNAATH 5. AERH T 2 yROBMBFRIBAMEZ 22 2 LV TE 20T, BRI
BETEH 2 CIRERTEKD B DTS, BMBLALT I LHTE 3,

RN 31T 5 BGTRE 1L, BRI S B D RETKD 5, Tbb, (2)R%E(3)X
DHBIFHFO T TEBDCT A2k 5,
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Vil— 3 (REWIEZE, S
Z=ZW,([C,=-C)) (2)
A0 (3)
2z, CENRMLEDMRIIR 1) 5 yIREHERCRAEE, Wik 2 OFERKTH 3,

2.2 #EBOMNA

ek, ECTETR, MERTHEELS W o TEBL T ¥ LIERERO A 2R E LT
oo TOHETE, 1EOREZFRLY LEOREMEL»FLNLCDT, AMKRNOFML K
BHRED T 2185 10D LR EROZEMN M L B TREHRZPRIE L 2 2 6 2w,

—%, BRHEEGICE, B2ORTLIE, FRBEMREL LV L v NARELRCEAR L T
AR S ASTL T 5, 2 DORKELERIZIERELIR L AR AR O RETREDTEEE L ALE BT 51§
WELoTVE, LIcHi- T, IEMEURITU T (EBEIREZ b (YRR 2 M v DEAL) BT R

k ~
Ci i £
[Unscattered <> | :
ray / g —
3 RN
/ |
< _ ,1‘{“ ) Channel, k(arb.)
i |Lsg.cyattmq Pulse height distribution
: T of ideal detector

Human body

2 flEse
Principle of measurement.
The solid and dashed lines represent the unscattered and scattered rays
within the human body, respectively.

¥ L
Source : ¥7Cs

Area from
scattered ray

Counts (relative)

JArea from
unscattered ray

\ =3
Naltgk 85 D i 21 D

/' Example of pulse height distribution
Channel (arb.) measured by Nal.
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T, ERRCREL AMETOyBRHUERBOFRCTH-> T ML L HEER L IC L
ARTIEDNTE 50T, REtEIHHEDOEEM EVARETS 5,

AR RIS T IERELIR L BELR Y 2B L TRIET & 2%, EROBRBBTRHEE Y%
SUABTEIRC, B3R, 727470y 2NICRE LY CsHiGRZRIZE L THO MK
BAMTH 5. BRI T 2 Y v 7 vy 2558 WA CIERELIRD AT & - TAL IR
Thd, LI2Hi- T, fHEEBIR 7 2V vATHEELL Iy X o TELR VD TH 5, T4 b
b, WCsDKHT 5662keVOIEHELIRIZ L o THELRREY —Z7HBIZL L2 i vF—
RN T B F v A v OFHECEERIERELIR L BELROME 2 A bR IRHBEETH S, L2L, B
ERBERSICRT L CHBMELREBELR L 2L 20 TH O 2 LR TH L, Lk
LT B 2 BT S 5, MOLZ b DL LTI 2 LT & 3 EELIRN S OBEBISR IR D
TANVE ~HRRE, BELER b IEBGELROSIA RET 5,

3 ¥ B

1.1 Fixk

BB EREES AP RET 23D CBHRLICAR—VRT4 HV 2, B4 2D
AR, B5:-4 Y Y NORBBORELRLIZ, BISORT LI, EREBOEHR
FHXIR K, AMD GRS NIEHELR L AR DRI (RETE 2L CREF3 TV 5,
B 6RT & 5 RUCEREyIRE X N L ICHBED T 7Y vT v 2 2BlELI, T2 Yn
Tuy 2 RANKEHPEELICLDTHY, 20K 31340emW X 20ecmH X 50emlLTH 3,
RRZ & UGB CRIESR2BEIL, 2 OWHEFEO yR% 105 HE L1, 2 OREMY
A 2 DEFE AN D 2 IRITD BETRET A 2 AT L 72, AT T 1%, 40cmW X 20emH O Wi i #5051 L
74em X 4emD K ¥ 3 O/NMEBRBALTRGTREZ KD 12,

Controller

Mini computer

Nal(T1)
Scintillator

4 RARETRE S R E EEY
Schematic appearance of whole body counter for measuring radioactivity
distribution.
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Collimator

Bed pipe

Vi— 3 {RIBYEELS

Nal(Tl)scintillator
(2¢x2")

600mm¢é

5

F ¥ b Y AOMRHESREEY

Detector arrangement in gantry.

The dashed line represents the approxi”
mate size of the body.

Acrylate block

T T T A
600‘“ -~ ~ - I
— - WCg _ -~ |
Fr— el J
el | 0.8kCi | 1uCi ///
§ : i - 6
L s Measuring position -
4Qcm Measurement subject.
1
300keV Detector
< I SRTINRERES
.2 'L’:‘:'.la“':"lﬂ
-)6 b1 L+5. II-J—
- .
N B
0 ] WEBEHOH
c .
g Example of response functions.
(&) | A and B represent the source positions of
137Cs, and two curves correspond to their
oL \ ) positions, respectively.
90 200 300 Energy resolution (FWHM) is about 50

Channel

keV (20ch) at 662 keV.

(DR TRERKIE, KDL LT 3/DNEROTRICEBEDSDH 2 HEE2HEL, Y
THNVRFED B CRERTERKD I, BT CERTRKDIDEBEEOFI 2R 1o, FRIFEMLEDS
bbb, WEIMOBRIZZDBEL L b 28T 5, 662keVDy#ixtT 2 AL X —45
TRREIX, BAEIE THIS0keV (F v F VB T20ch) T H - 72, FEBELIR I T 2 & BI#IL, 662keV
Dy T 5 RBE — 25T H 5200~230chDEHEROM» GFHE L1, BELBRIZOVT
i3, 727V vNTORIHEHELDAZE LI0~199ch #5738 L 12 & F v A DIE L A 5 FHEEER
OM»GEFE L. T bbb, RIS LS Y DRIZEMEX 6, 2RI EEEIZI20ETH - 12,
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True Value

O.8uCi1 oi
Present Method pl Comlegﬁonal
metho
( Small region>
ize & »
sfﬁzmmcm I I 1| (Scmx8cm)
ﬁ,.; 4 ..LL::,; g e
> LA ! o
e LD L_If__'__/é/
< 40cm
ad
B8 mtheAREATEI(1)®

Example of analysed radioactivity distributions (1),
Measuring time is 10 min. True value means the radioactivity of **’Cs set

in the phantom (Fig.6) and the height of

the small region represents the

radioactivity analysed in each region. Conventional method means the
radioactivity analysis using only unscattered rays.

True value (*'Cs)
14Ci
0.84Ci [’

Analysed value

Measuring time
: 10min

LAi=168xCi

(a) Distance between
S0urces :
fcm

tuCi

(b) 6cm

L Ai=17xCi
1

1uCi

0.8xCij
(c) Scm |

)i_"JAi= 1.1x4Ci
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Example of analysed radioactivity distribu-
tions (2).
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1.2 BReEE
BELIRIEESMETCTT 72V v 7 0y 2R N O BETRE A % @t L7l % B 8 2
AL, BEREERTRKD 2 b Q2 MR L, EHHIEEELR LGSR Y e TRIT LI
BRTH 5, B, FEHEWMRCITUEE LIME % 28T & 5 ERIET H 22058 L 72/0GEK
(Kx3:5emX 8em) EDWTHF LI b DTH 5, FEERELRITY Tl  BRELIR % b AT DX
BUTHILOFMMELXHRTS I,
EROANKZRESMNRE T 250, WEBBEPERTKD 5 LIZHL L, FETKD IR
ERBEPHCE 2L T e, AFEOERE»HETIOLELLI LY TE5, 22T,
YT ANAGFHETRKDRERBE Y HC TR LICHIZR 9 SR L2, RETREITRRENT DR
Bk, ERTRKDIDERZEHCIEALBRRBRETH- 12, LId->T, AFRPEHREL
REMEZ7 P2 BRUETANVEOREIL - TREBRERD THL I LIZLY,
AFELEAKOBECBRAT S 5 TEEEODH 5 2 LaThb -1,

4 & g

WEHBRECERT 2 BEHERBERETH 5 DT, FIL KSHEMEO RN % 8l
ET B, BEHRYH 39 2) A- P LECTRZETS 2 0EREEYEHTH 5,
DFfy, RIFLOLES RIS 712D I RGTRED MR Z R R D 2 BED D 5, AENTHEK
AlanzvTEE L T3 RHEHERIS U 2 RE T 2 HIETI, 2ROERBICBOL L IETK
FHRFPRIZ L UL L B H 2, ThEMRT2HEL LT, JERGELRE L
bUIABRATERELZ CERL TS IREBRPREL, 2ORR2Z M v — 29 LN KETHE
SRR T 5 HiEPR LI,

F—MAEC20EONalR 3 X BELE LD EB T, WCsiiE 2 NB LIe 7 2 Y w7 m v 2 (40
emW X 20emH X 50emL) DR N D 2 RKICDBETREF e KD 6 RBRAFEB L, UTOHRY
Bz,

(1)0.8:1.0uCiD 2 D SMELEL L &, VFBORET, 4emX 4 emD /MR HAT TR
SHRES A B AT T & 1o 28I LI/ MEBOK & 313, IESEURIC U CE B LICBAOHL/2LT
Tholz,

(2)®Y T HVAFFETRKD LOEBEELACIBA LERTRD LINEE Y He 54
D HRGHRE S 16 D FRHTHE R 13 12 IZRIARE T hH - 12,

DEOHRY 6, BERERITERCED TRHIEINERET 2 FEVEHTHLZ L %
R TE .
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Reference Man for Asians as well as for Europeans— A change in the ICRP concept of

Reference Man

Gi-ichiro Tanaka

Meiji Pharmaceutical College
1-35-23, Nozawa, Setagaya-ku, Tokyo, 154 Japan

ABSTRACT -ICRP Reference Man, according to the definition, is primarily for
Caucasoid populations (Western Europeans and North Americans) that contribute
only 13 per cents of the world population. A speculative world population dose
will, assuming a uniform exposure all over the world at a level of 10:Sv, be 50 k
man Sv in total. Of this, all regions of Caucasoid populations may contribute by
22 per cent maximum. Asian populations will share about 58 per cents (29 k
man Sv) of the world population dose. About eighty per cents in total of the world
population can be covered by scientific dose assessment, if Reference Man data for
Asians are made available. Thus the importance of establishing Asian Reference
Man should be evident.

The important point of characteristics of Asians is that they are “Vegetarians”
as compared to Westerners, which suggests different pathways with respect to
transfer of radionuclides from foods to the human body. Therefore it is required
to determine accurate and suitable parameters relevant to dose assessment.

Considering the above, contribution of Japan in science and technology to Asian

countries with “knowhows” accumulated may be of a most urgent matter.

ICRP Reference Man(Publication 23, 1975) 3B 1 =R T 2 L L, R AEH2EDIZ% % &
¥ % Caucasoid(West Europe and North America)D1z»D b DT H 5%,

DI, HEKREOMRS L OB T 5 LEARYEEIZ10Sv/personZ HBET 5 LIKE L 1235
A, AH2EROLEMBRE L RIZEE50k man Sv k Ik 5, 2£Caucasoid(European, North Amer-
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ican, Russian and Oceanian)# &% T & 2 DF5#1322% (11k man Sv)icF ¥ il
%,

0 ax10°
1 —_—
ASIA (kcal)
NORTH
AMERICA
WEST
EUROPE Energy
U.S.SR.
OTHER
NATIONS
160 180
— 1 1, -
ASIA (9)
NORTH
AMERICA
WEST -
EUROPE Protein
Vegetable Animal
U.S.S.A. 1962
;:m 1970
OTHER === 1980
NATIONS = 1984
Parcentages show —_
ASIA vegetable origin
NORTH
AMERICA
WEST
EUROPE Fat
USSR
OTHER
NATIONS
—

1 HROEEMICH PR, X 27BH X CEKD 1 A1 BN Y EREEE
Per capita net supplies of energy, protein and fat in main regions of the world.

NORTH
AFRICA OCEANIA U.SS.R EUROPE AMERICA

1.02 o0.54 OTHER

AMERICA
W. EUROPE O
N. AMERICA
6 man kSv
0.84

1.0

0.83

ASIA (2) ASIA(3) ASIA(4) ASIA(5) ASIA(6)
2 HFRoHRA man Sv FHEE

World population dose: assuming a uniform exposure all over the world at a
level of 10xSv per person, be 50k man Sv in total population.
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ZDIcHizid, EHET U7 A(Asian Reference Man)® F VERERATTRLBECHHZ ¢
YHATH S,

TI7 ADREIIE 2 RT T8 AHCRA L T 5 £ VegetarianTh - T, L1cdi-> Tl
SHEME O SIEIGRERTZE L RBRY, BTV T ANMBOZE S A—-2—% LV IE
FECHREL LR G v,
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whowk FHL T O, 7YV7HHCHERT A VBRI BILRELE L5,
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IAEA-RCA Co-ordinated Research Program on Reference Asian Man

Taku Koyanagi

Laboratory for Radioecology, National Institute of Radiological Sciences
3609 Isozaki, Nakaminato, Ibaraki, 311-12 Japan

ABSTRACT -The Research Coordination Meeting was held in Mito City, Japan on
October 17-21, 1988, inviting the chief investigating scientists from 11 RCA
member countries to discuss practical plans for the Coordinated Research Pro-
gram (CRP) on “Compilation of Anatomical, Physiological and Metabolic
Characteristics for a Reference Asian Man” based on the decision taken at the
Project Formulation Meeting for the RCA Project “Strengthening Radiation
Protection”, Tokyo,November 1987. Significance of the setting “Reference
Man” for Asian peoples to estimate more realistic radiation doses by applying
the real typical physical, physiological and metabolic parameters for them instead
of those recommended by ICRP based on the data for “Caucasian Man” has
been indicated by whole member countries and recognized again at the Meeting.
The present status of “Reference Man-oriented Studies” in each countries was
presented by the participants and certain difference or difficulties were pointed
out among the countries depending on the geographical, social, or economical
conditions as well as the ethnic circumstances.

After the mutual discussions and exchange of up-to-date information, the
general conclusions were drawn as follows: acknowledging the importance of the
CRP, research works should be carried out in each country with the expected
supports from IAEA and other member countries. The first priority is given on the
measurements of human physique (and internal organs) followed by the food

consumption survey. Trace element analysis would be done by the countries where
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possible. The standard manual for data collection might be necessary. The establi-
shments of Co-ordination Center or central body with data base and also sub-

group systems are desirable to promote the CRP.

EHREFIEBEIAEA) T, 797 XPEMSOIAEAMBE 2 x4 £ LT, "E R HK
MOBHH, WEE L CIIBRE B L U stuisif 135 ” Cooperative Agreement for Research,
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Comment on a Phantom of Japanese Reference Person for the Assessments of Population
Doses and Risks from Medical and occupational Exposuress

Takashi Maruyama
National Institute of Radioligical Sciences
4-9-1, Amnagawa, Chiba, 260 Japan

ABSTRACT -Since 1960, an NIRS research group has evaluated the population
doses (such as genetically significant dose, leukemia significant dose and
malignant significant dose) and risk of stochastic effects from medical and
occupational exposures, based on the nationwide survey of radiological procedures
throughout Japan. These results have been published in the UNSCEAR (Unted
Nations Scientific Committee on the Effects of Atomic Radiations) reports and
have been compared with the data from other countries. In these studies, various
phantoms were used for the determinations of organ or tissue doses. Recently, the
concept of effective dose equivalents has been introduced in the UNSCEAR
reports for comparison of human exposures from various radiation sources. In
order to obtain the reliable national data, organ or tissue doses related to the
effective dose equivalent should be determined using a phantom of national

reference person.
1 @i

B mOEB e, AHRIEFIPBRIROAL T, EPMEERLECLVAL b
Dh 6, BEL DFERLR S LK, 3232 LFFLHELZU TV 5, IS, KEHR
X, ZOEEMAREZDAR~NDOHE IO THEED OGN TH Y, BE - BREFRO-T
bMOERIZENT, L9 ELHORIRCH 5,

BEHR I ERPEXOSFCAB B 2OEEZ IO L, REhRERCEEYEAMT
IANF—FE Lo T b, BFNPKRMBROFALESLL, ZHRICHI HRPAENICE
L5 ARy ECIRDALARA) D BB DEGELE 35 6 QXL 6 v, 3 61, KEHRE

227



BfEIVA2%, HOBERIZE B ) RAZIRERTAERLI B v nviiT oD, HEEOMK
BUOCTREYEREPRIONATV 3,

ICRP (Bt BHHRBER B 2) K, EXML, Suliftis i RELEBREY 3IFEL T5[RE
HIBGRIZEE L, CORROBKBL Lo TOABRRENGRYNETH 3, KEHROBE
D5 bHIERAIPER, ZOREMEVLSVHELATIHREOEKTH20T, WRGREY
LECHELTFIET A LILEoTHIET S 3, L L, B A LEENBED L ATERNY
B, ZOREHEEPLSCEOLCBREBOBEKTH 5, BN L 2 HITA I, HREK
04F - RO RAD D 5, fE-> T, ORI F CERL EMOFRRTHARERIZFECT
BILHDHB, 2f, BIENBEBRFHEST S LOBACE, FRERIHEERL T2 BER
v, ERMBEBOY A7 2HET A LY, ZORBEL L 2 BER, BEFEREGSD), An
WA BB (LSD)F & U AR BMREMSD)T H 3V, UNSCEAR (EEA}%E §£) 1%, 19584F
AN 6, GSDPFAIEHGECMD)DOF HE & L T 3122,

NEDZ 5 REHROBIFIT 1L, BBRRSHRD 32, BRERL ERTH S REHEOF
D) ARPEELOBRY D 5, THGORFIIL 3 Y R7DHE R, ELLPE#ELEE
LALETEETH S, ) RZOHEE I, GSDLRMSDL F R H, EMBRELRLLETD
o TNLDBEIR, ZNFNOBEBCIBARLIES - AR ETCTREINS, 22
TR, ERERCL) 2ERBEOHEYPLI, EEAERALI G THRN3,

2 [&d - AEREBORRE - BTHE

19584F \-UNSCEAR (E#EFI2ER B 2) »°, ERERCRZEWER - 5 826 BB EGSD)
DHEXRELTLR, BHOODZ V=R 77 VP AERIZL Y, XERRWT e it 45
BARES L CEHBEORELITY, GSDI ¥ 2#E L T 812 1960k, FA Y TEHRES
NIEM3¥%FME L, TEABEABTERLI:EF 22 B L LIzkE7 7 ba2 B
T, XV 7 AGRACERS CHREBAE LT -1, 2O7 7 P Al M3, EEHS
BTN 7 42 :76.9%, MgO :22.4%, CaCO;:0.7%5 6% b, HEIXL.00g/cm*T H -
o 12, BIZ/YT 7 4 2 154%, Cas(PO,). @ 38%, C: 8 RDEHMME % Hv, Wi
REE0.3g/emr D 2 v 2 H 12, 19704 2 C, M3%HEME L, 10, S5MB I8 %
AROEALREI: 7 7~ b 22 /BH L TIRERIEZiT- 12, —F;, Mix D(ERESET/ S
742 :60.8%, RYZFrr:i30.4%, MgO :6.4%, TiO,:2.4%, #E0.99g/cr) Mix
Dp(BEBBHET/7 7 4 »50.0%, BYFr v :25.0%, BI:16.2%, MgO : 6.4%,
TiO, : 2.4%, ®E1.00g/ar) 7 7 > b 2FM E L THv Gl 19708 0%E IR, £
PLUTFENINLDT, REDOS N7 70 b2 2BAL, TAGRAIZCACGREZ L
2ot

FYF 77 a3, BEHREZCE UL BBORNBESH L EZHET 220 CHRES
niz. BRI LUCKERZ 7 v b ad’h by, Zh&n, BRADFEHMFIBIIESCT, B

228

A



Vil— 3 EEHRELVRAZOEECBITAMERAERAIT 7> 2AOLEME

MRS K 175emTHHRET3.5ke, KA H R163emT AR ESMkgli ML T 5, ZDIVBERER
ERTESCH - Bl - FEROTV A2, AMCKRBRTZPANG I LTS5, B
Hb & BT 2 TES2.5mDRTHER STV 2, FHMEHLr ISR TR 0D, BER
BSRTRE 62.5%, KEK 1 7.7%, BE 120.5%, X 3.7%, fizCa, Cl, Fek £ %#&
ARTHMBEM 7 AF v 2 TH Y, BHEIX0.9858/cm*TdH 5,

BRI
SYNz7vba(hzuriy)
i BER, A kA
Photographs of rando phantom
left : male, right : female

o]
o)

2

SYF77 Vb oab s OFHEXRR
(100kV X##1 & 5 150" 5 ABELERD = R
7 bav)

Spectrum of scattered X-rays from a
rando Phantom

Lo
[Se]

("]
i)

Relative Kerma OQuiput
[rd
[ }

0 Lot i i LlJJl;l\IllJ:llH
{ 20 40 60 80 100 (Tube voltage : 100kV scattering angle:
Photon Energy [ keV ] 150°)

¢

229



F 7z, W RERESIEOESEEM 2B, BE%0.3g/cm’t LTwv 5, BB ARYH
COoNTVEY, 7T ADBETHARD, XBRERTRE L7772 M 2DKE SITHRTHEE
PR YPAS e, BHOCOREDIZINE, SUF77 0 Al XEPRELIZE S, BRHIZ S
BERDONAETVFEVY L OFEXBVBRAIS NI (E2), 2 OBEXRORERIE, BEL
RXBBOT I NEF—ZBRT 555, BIFHXRO AV —HHT b, ZORERIIME LA
5, RHPLIRRTNED, SUFZ77 0y baRHC2EA, JOBEXBCL 2B EET
_RETHH5,

B, b EHT b BEREEAMD> CABAYDOAEEM 7 7> b 22 HIRSNTH Y, B
5 AR BORECACLNTYV 3, LL, 2OKSSRMEEEAANITRE G,

—%, ICRPVEMFRLUEL B)E L TLER, fHHIC L 2BS - HEREOREBITHNS &
SR Y, FERDFEICHC 6N T S ARG EREHAOMIRD? 7~ b 22> T, H 3
CRTEI LT 72 b 2OV NBHBREFTHICHCONTV S, 2D7 7 P ADIEDIC, B
LFERNEBCH LR A PPHEER P L 3L LARCBEL 77 b A b ELL, 2 ¥a
— ZBMOES -, BEIGL 7 7 b TR h, SNBHERC I S - HRRED
FEOBERmMLELL, L2, 206077~ b aid, ICRPOEEAZPBIELCH Y, BAE
ADKE LR A LGNS,

Bl b 6 RICAEE B
B3 BH- SRR EIIACONARENT 7 ba

Typical phantom used for calculations of organ and tissue doses

230



Vi— 3 EERHRE:VAZOEERBIIIMEEERA]Z 7 > b AOLEYE
NEERDOEA, ANEASHE D O B2 - ik COMHRED, ZhoDRBEPRVIEREL Y
722ERBOT, HEIHAVEZ 7V M 2OKRSIVEARNCERELE LS, HEDECFD
FEOWBIE, BRANGET S 225555, AOOKT0%% & 3 EMBOMIKIL, BRRACK
NRTPB3 v, REQTEBRADERBLIREEL 27 7 &~ b 2 TFME S /2SS - SR, AR
ANDRREZEDFHET 52 Lt 5,

3 M3, FERINREAFADLENE

BRI CEEERE L FATRER L 2ERBEDOAL GT, HAKRSHRIC L 2ERER
2% i YA, THARRCVPAGTERT 2 EHR, FRINCELRZFEVHCONE, B
ADERIL, E4D & 5 TR & CERANCEL 5, OBrieni & E7, KE3. 4, 58% & F
kgD 7 7 > b 2 THESNIICRPOEMRE LR, XFOTAINF—IINLTHRSIDL
512 o0s, XKFOIANF 2L TRLED, RAKETREEIRED DT
EIFRRLUBERMI0%EST AL 5 Th s, HESgTIX, T0kgDEIHRE YR L IX20%RE
DER¥RAI NG, TOLILERE, 770 M2DKRS3LER - BEOBIIZL
5,

Ath, CAHCALHEHREC L AENENRELESCEHRGROHE, 3 61013Y X 77
PITbNAZLIAD, ZLT, ZRLOMERY A2, ZRFNOBRFINRETS N,
2 DRFBBEF R HEHEROM O IE LB ORBELIInAI NG THS S5, 20DL 5L
HEIDz®2 b, 206 OXBEL 2 525 - MEREZEEIRALIOCT, ZNRENORKE
EDOUCTRETAILVVEL LA, MEVERWAEINI»FIH L VEES LD

T L ¥ T O

co
200

T T

T

Body height -1

Male
I M\_“‘J
.\.de_mlg
e t '\—\-N
4

100

.3
o

T

8
Y3y Lpog

]

Body veight T
L
J \
/ﬂt% o

19854E (- 1) 5 HAADER, FEvilS

Bady  lleight

o 1 E¥ L UHKE
0 o ) ; A ) r Jo Japanese height and weight by age, sex
0 10 20 30 40 50 60 70 80 .
Age and region, 1948

231



~
T
1

o

LI S St DA B S S SR B I |

1 1
0 [ 10

KFDZFNF— MeV
5 XFOEFAGEC—2CxL THES NI KEDICRPERE Y
BOKEIZL 2HE
ICRP. Effective dose equivalent for female as function of body
mass for isotropic phantom irradiation7)

EREME L BIHRED  (10-2Sv/R)

2

— i X 4R E08]
85.8% 184217

7.5% 16135

2.0%
& #
1.4% 2908

6 FoROBHEIF )2 EREEC L 2 EHENHEE LB (man « Sv)
Collective effective dose equivalent from medical exposures in Japan.
1980~ 1986

RESPSCELT, CThOBRACHERIRADZ 7> b 205FHSNE 5,

B, WWROFEFEBeRUBEARALRET 0FE D H2 L5 Ths2°, AREEDY
AZRWET BIED G, I - FRNOEEHAALRD TIELC LES bDTH 5,

B YL, BEORVEQEREE S s EFEMEELEL ML 712/ L T ¢ (H6),
BIEZFCO0 TR, BARANOBISHIEZ ML 2MIRD? 7 & b 20 BAR 2 Fu 728858 -
L2855, BRI FRBET 7 bPoa2ACRERICL S, 20 &5 BERGOBEIZF G
27 PV HRABREZEL T2 2SI BEL TV 53,

232



Vi-3 ERHERLVRAZOEEEBTIZMEEARAIT 7 >+ AOLEM

BEXM

1) HE3% B, ALLEER]  BERERO Y A Z7#EFECO VT, BARERESE, 40, 1175, 1990.

2) UNSCEAR Report: Supplement No. 17 (A/3838), 62, 1958.

3) B. Markus: Uber den Begriff der Gewebaequivaleng und einigen Wasserahnliche Phantom
substanzen fur Quanten von 10 keV lis. 100MeV sourie schnelle Elektronen, Straklentherapie,
101, 111, 1956.

4) FRIEEHE M FHRRERTC & 2 RECEE, BARERFE2E, 23, 753, 1963.

5) FH B :RMfE,

6) B. F. Wall, R. H. Harrison and F. W. Spiers: Patient Dosimetry Techniques in Diagnostic
Radiology, Report 53, The Institute of Physical Sciences in Medicine, 1988.

7) K. O’Brien: Dosimetric Quantities and the Radiation Field, Radiat Protec. Dosime. 3, 3, 1982.

< @®>

EE

FHEI TSI L BMC3ADa Ay Z—cxT 2B FHRE2U, kK4 H28A
D2FEZ2EL TOHEML Y2 A M2eHE, BREBTISVE TOTHEZICHBICKEHD
BRgE 2 2R OVIB- T, 2L LTOCTERL Y2 AV MR Y ZHE VLRV, BREE
E, £E5%,

Q. A :

HILEECHRFC LI, ZELZOHBXBROKE) PEERICZ0 L0 S 2 LISY, Tl
HEEOERMR2Z 1D 2RI ALRRE DT LLE 5, 2% D 3EIXITVICERIC
MbotEho0d, 20t b, RRIBCHERIREI DL 120D,

A, FLILEER) :

MIEB DML A3000 I 6w H BT, B E20EIh-1:, L L, RETO—RRZD
BEPROBMATH Y (2 LIBT3 L), #EERRZ)OFRPL0bUTT, > TH
e RERPR IS et LICEFRE O B2 TEEIRIC 20,

Q. 28 :

RITERRZOSA CEREBEBRMTHERBRER T L 2o tb T T h, BEIX¥EF R
Sk LTh,
A. Al

REMROERBZRBED 1T, 7 OXIF2HF, by 2 T0C, (BE)HK
BALLTYH, BB E»SicbU T,

233



EE:

iz a2 X X —DREIHTLIEMST A,

ENTI, RCBYZLT, 2HHOEXERIER->TAE T, Ly a  VIAMERELHE
FHMET, 77 PACBATABE K SADY LI, 2P THRHEBDOERD 5 ©IIME
PEKAEARATRELS LU ITE#EYH O & Lic, 20D, FrAlEEE L THEREREED A
FEPOGRICHARAL VI L THECRKD 2HFXHES I LI, 20 5 HEMTH»LO
RETK, 3ADREY G, ZNEFNTFRERY, MREEZONE» 6, & REYHEOB
Lot b THEFES L, AHO2HHD 2K Z@E L TH»EER Y222 b
ROBHoIEATLEI D,

ARBRES :

BESHD 6 ORET, REREIHROBEM L -5 2 L TEEROLHEE L BRDFIR
BLRVYOF—XPEHmRLICEY 2 LI, 2d 6DEEEOTHE YRy 2 ETIHERIZFERTS
RV,

RETH

AOWIRATHZICBEL T LT, #ILMER, FLIXMER, H 5 IXEIRKRES,
BRMAREL £, 20OBET b IEE CRENE; REEEOHEF - b H Y X L)AL,
B2 EEFEHEOATT EESILTH, WEEHRYZZ 0 33206, FRRIXRL, e THEIREDS
£2(, 1RNOPIREHINI 0, LIAPELLNEVI EEYRIOATY LRI LA
AT, 1HBK[ERCLAZC, BETALREILLUTTY, 250385 fEIIL-
T hE~E T,

MaSEHIRR D B 2 6% (IEFTHE) O N ZHBEE» A 2T EEBL O ECI L, WHhWARTE
HEECIDESCHEFIZEC, 20 AOBREY FEHILE»6)A 2T L, Eboh b
5 LIEE BN Do Y LT B LI RIDHY, BFEDIA 7K A v REFHELS E,
EBo b ) LIEHRZPZ2(H-oT03 L0 LI RBYHY T, 20L& I LIFELRIC
SMELELTZNRERMDLDEWME LETE, b5 EMABRDOSMEWMLE ZHIEL,
BENIZDS0%IXPRRICAY £ 377, BGOSR, WEELCILDERET L, ZOKH)
BR2o074 VitFE->TL2bUTT,

DL REHDOWDOIES ETPRBTE» LI E-> SO, homMBEDO2v 25T 0~
NTHEICIEIIRIENRFIIZELAbUTT, ICRPL FOMROEROEESTTH
LZ50I3FrET, CEORoTHIRITEVIEIKL T,

BE:

Bl ) 8w LIz, s ARB2AHZ@BLU S LTaxy b eEER, £S5,
M

FRREET, AARANC O VTRV LY, HET7 Y70 Z2O0EOFTAEF HELT T
o T, FILAIEA Y FASTTY, BUL->THREAEIEIDUTT. 20 IFOHFEE

234



ViI-3 ERHBELVXAZOEEBRBIAMEHEAEZAIZ 7 > b 200N
HREPECE» D, ARSI v AN R THESIER 2R TRICE, RLTZERPTARYICA
UFACTEREBELTC B2 E 50, EMPRILNGLEEIDTT,

2v—y7b, RAARBTHEAPKREBCLAS TV ETL, TATHETRAL V FAPKELE
AoTv B, 2509 EZATARYIZ=v— T #2FE T sreference Malaysiant > 5 § O bF
BB LD, HEVRENLTUERPD B, 250I58MEPELET,

25 LIcE» D 5 ETreference Asiant \» 3 —D DD 2 b D F 5 b, HPREOHE
ReBbyizetBe:7,

HPZE—ap :

W77, BT s, BE BEZAVGHALIB LMY, ZhtEryIn
FRT7ZITALHRLTZOBBCEL TR, $ TARBENCRENEC, 1006 RBOFIEC
SoTH-7V RS LSDIILTY, RENIZREDGLLR G, BOEDAIXTAIRN L HEY
hrrblntvha, BEOBEIHIPLLAIEAY, ZOAZERE I P, IT06E
IR ANECSIDQRIDIIASUIRENDHDZ2DOTRLC»ECI DX, I HAREDM
DESLRBELCT, SHEHE LIBYTRZENTEICOTREC»EVISI REBETLI,
SRR T, S%REI LA, FRRmMY A,

ER:

FAERZST 5 LSTREOBBRERE LV IEY G, TITARZOD7 V=125 12
HHRCECI LI IEELT T,

He:

FRE - SRCHLUTHINNCEAL T ELARADY D TOBBDIER RGO ARHERE L
Zifhet, X4, =v—y7 (Rv—=yTREITHRCTTD), 24V v CDANZEx
7L, oA CDTT R, BRADPFCKADISRIHST 2461, ZOAZFZER
ADISEIIE L2 HN I A, 2DEILERT, EIB oL PHLLEES C
ETT, O SOBRBTRET S, MPATH - TUN - 25—0DRET, RETRD
YERA, 1215, Z25053FiVDoTLRCDIZAI L, HDHVREICWIELL—DHL
THRZBUSNSTREC»EZLZ T IT, FUAYFRELEDHEND Y E LILODT,
b2tz LIty LI,

ER:

RICADBFER VL YBEELBEXEATC S EECETY, oL EL T,
2m

A4 TReference Man—2TR> TELHOUT T, wbWsa2—-> 7y DAZIHEL
TORPECI EZITERY, CORRICARZ I 7 L) EEZIT>TRYET, 7 XY Hid,
SALANTC Bz b 6T T 2 ) A% Y iZReference Man¥ 5| - K- Tif-7, 3—n
v DD ARE T o EREL, HDAXYVTARLS EDSCDITEWI T L%, BAILHE
FAL T & L1, Reference Asian® 2 IZHH1 9 2 ¥ AD, ZhdHIRNE, 242 TO—D2 4

235



B—2H#ST, ——PE->TIT( I LTRV LR S, 4% TDReference ManiZJ& L Ty 3
ABLDPaA—A TV EBoTOAAZEDOHTHI Il b=2u b BUYos )L dE
BHEDUTT»S, RYFEENIZZLZOHFFRCOTIR L vd L v Db, BLOICRPIZ
LTOBELTTS T,
Heh:

BRREDHFE LADE L FH R ZDHETIFEIL TS,
6 :

BMULTESETE, FIBEOMES Y RHFEVRHCIAFTRICIZELLEPRIA
P v 3 denutritional s  D(DFH) Db o LRKEL T, 2nTh > THRZ Oz 4
REVRBODTREVLECIASZLET,
pLIE o

Asian reference man®nutritional X ET T3, I UVRLE R bvrFU7 AR, RETLEDHE
HERAELITLAW, H2EEMRIOTRE VY, MOTERR, BRHLCEIHELEE T
»,
7E :

o THEOChent bi#a L & LI0o%, HREIVEORE G- TS, R ERILE Tk
E2(E-THY, BRRARCECIIREFEZL TG UNE Y, ROBFRLRMNOEFET
b5 b, nutritional B3I F 2T A RFICRER TR LT, RV ZVERBRLECAU S, D
AUREMMEEA Y Z{EAGALZI L kv AL LAUB L LI LI, Kk Liw
Lo keoTREvC»ERCET,

BE:

BHEES TS v LIS

BRCHRBLASBLEEREPRLTO2a A M R VAR Y ZTHEIV EBGE T, BT
Hnil, BEROREZZ2ZDLyyaryDi bt  LTHEHSY, 2LTi%k, 202 A M%H
(ECHDDP—FRCDUTTY, FELRIDLLA LV ELIDT, SobtFursnicf
CELTIRYER-TAE T,

BARANDGHE), #HFARHETRBREC RSEFTRIC >V TOBFELHE LIz, Hp
RED G LU LAHEIFFEC OV TOREVDH Y, TREOFUUHEMBOERD T — 25
WoTx b ¥, BRELEIZZICRPEMZA 2Committee 2 DFEEFN OV THFEEHS & L
oo AROEHEZNFHE, BARADOLRBIMEORHEDIE L, TROHEMHBADOIRED M
DUTOBHENDHY LIz, BARANCBYBRRDONHTE, £2VatavRIODEILT
biological half-life# ®IE L 125E0 D v £ L ic, B ¥7 A — & DIEMET £ TR, SRS
CEHLERNLFT—Z 20 TOEYH Y 2 LIz, AFECLY § LILRJIEROFEIC
20T, BHRCEHTLIRAJOBMEOHTE DY 2 LI, BAFRITIE, 3ADRE»GHE
BULRED2aA MDY, 20%tyyaryivsbtyyayIVEEbL 2 MEC S5H

236



Vil—3 EESEZ:VRAZOMECBIL[EEALRALIT 7> 2OLBEE
BhHby LI

ABLEDOOCTIX, BBy AXLELICBYTT, 2K2BLELT, #HER - 222}
BhHhy iear, MEIAES T,

FRIEREP :

ICRP Committee 2 TReference Man® % R 2 Z° v —7Di&EID L 9 A TH b, Age-
dependent Dosimetry® & R 7 2° v —7"Tlddose factor# T {E%£», HEF ORI >V T
ATH Y $T., 2hd GdosefactorizBiL T, —IORMRELEOFMZ L TxbH, 20l
2% b 37t weighting factor t \» 3 5 5 12248, Committee 1 tBH2DbHAI LR
WET, FDL3EFELT, FDQIS3CEDTITCDY, HATHESCERCET,

7 :

BAI2INV—DELFTBENENED bUTTH, ZDHFEDH T Reference ManDFH T
ROTHL oK FLEL LT NIETHR LG H O 23, TT 56, &2 DfridiHReference
ManDEFT—IoftE T 2 B THED, Z 2 (28K (1) Reference ManDEFHE & 72 6 -8y
LANRBIZOGNE L5, WHhETVEF =54 Vel EkFTeEiToTviT, 20d 6
Bah 72 8 DSviz o T b, il 2 I¥Committee 1 TIRFELREDE L T 6 iz, sensitivityd
FEWMELCILDD, H—7 L LTHTREEE, 202 ANT Sy LEETSAL5 10L&
5 £ 5 2 ETT, Publication 2602k3T & Publication 30DeET ¢ ¥4y, KRB EHER
PEARDLEDBLECIFRTH Y 3T, 260RETOXEZD b DidCommittee 4 & Main
CommissionT b 5 EAEAMEA T £ T4, EBATIZNRDH - T, Publication 3057EKET 3
NEZDRFZPAND LCIISCEDLNTCBLITT, 302D DOWITXE, 5L &
RO EEL T ¥A, BT 2L L2020 v R— 2o T 6T HEES LV ELS
TETTDG, 4, 260KRITICALENTIDOHRETVH A LB LBCET, T b F
JEE L TR ZWRENVRDE, HDEIREFRDE LGS, UHDITHEIEIL I brA LRE
S2TeT, ROBFTUHELTH Y, REMIRLOLCEBIL->TOIT,

BPRE, izhh 2 eAd- o MMPRAERFFCECZITT,

250 LT, 260XEREREEDRE2H Lo TH Y, FiElXLung Model DS L
B, BEREL»EP~ANRAUDEEREP T A LI B> TW T,

EE:

ENTWR2HEZBEL LT, ELnvicBleEMvLICERCE T, BBEEESEG
HLET,

R

ARNIAREFTM B D 5 AMRFERC 2 OMERF LI ETETE» CORESL L L,
Leb#FLy, ax7— 2% LTHS 2 LI R, S5EER, SBORIEECHY &
Lizhs, NEE2LOBELBREBTHY I LT, BUBERTEE - KBEDOL I RvbW sk
B ER EFEREC, REFERELEXEDICARL - 2 - ULL E 2 ED RIAHRDORIRER

237



PRI E LICEAR Y, B ERZEC TRETL THIY T, BRATDHN, 55
W7 ITATHN, SHFESER2OTR LI LI LPERB-IDbUYTT,

TERMDL S CHEFHOEMPAZEHRE LT, i, Rr@IBHLTC3bUTT,
HEHIZY, BLVCEECHEZDUTT. 2302 HTICRPET b, BARODREFD 1 21E
b, SEFHLCBETIERCADUTTY, PRYZIDE S LKETR, w“bOWAREYETLH
HTRZW»EWSEDHL $ LIz, B2 iy 6 DReference Man¥ ETT 5 fEE» T b
2hUTTH, 208607 —XDEEHRISEI LT, HPEEIL LAV ALIELH
h L7

B, ¥av—YaVREERT5HBRCERILLT, R L7728 —EFEIZZ ko
TaTHY, ZUNEEZCRE, BEEL»EEEVRI-NLIICRLGLITT. KEE
DAY UBDOVHW3, depletionizD &, NASAx S U, Az OEBMEZEL T, 1KkTE
FAn6 2K, 3K, 4RTLEFNVCERL T, &Y'V DEBE #Festimate L T & T, £KF
BT AT I —DEEDOHREX A 27 LDobson®D £ DEREF — X II—EKT20lE, LA, 1
RIEDFIZTE W3 L5, BIIR->TsTHY 37,

ZORTIE, BEFMOHEPRELIED L L TR > THABEQNIFT—4 L, Thdb
Bl far k7 — X RIBE ED T, 2 BROLBROFEO LRI TRC»ES
PREFLTOCS LR EBCET, 204 5 RBKRT, REFOEHEL L-F—Xrfax
ez ba%, REMBHTLL, FEO L IF—%FCTHCL LGS 2 ETERBCEZ
SETHE LT,

EE:

AES 8w Lic, BBREDS, 2 HROHMSR %M 5 L £ LIz, ICRP Publication 2
BUBZRESINTE Y $ T Reference Manl 3G T AEEAARAPLPRET A LWL T
i3, Adult malelz®f T 2 HARADIEEBEEZRET S LI LULADITLEVET,

ICRPTHED 6 TV 5 RETEXETIX, Fl-1EZZE LIHHEN, D5 I3 EERFEC
BT 587 A—2 2 NETH LI ILICZ2ITY, CO2AMCEITEL M LETE,
E30CI38DZFANRT =2, T TV, O2PBTESTHY 3T, 272, RRBIMISADE
o, WEBDO ZLIH, AFHTT VT OE->IE» REEHHHEL Y, FK4areference
manZRETHRODF—XPHED B LI D F LD, Z25053F T, KEFHL
FIRREe AR TRELEVEVITHBIITS LT, F57, WHEE2DOERE, Hoow
BIIUEBONBERFOTHHERT, 2OHFFPECRBSETVILOERIIELRCE
T

WBANR, T TROOETHS T, STHARBI TS 3 LT,

238



PHSDOBRES

ECIFH G, FNEECECH~NRILOBBICSHTHES, B LEBELBEY Ko TKE
BHLTHY T, RETHELHLILTR, DI 87—<TRLTAZEDEI»E,
BHIRTORAMIA L LY, EHRZER, BIEFBEFCSIXCIELE{LVDERIZRT
HE2 LT, TENORBIES, I LKREEATVARETT,

ICRPb 4 & TOREAY G BR, 12, 2RI DRGREO T & 5 B~m» - TE
TwITOT, 2TETOEOBRANLFILLALBECEITL, &2, 7V70AL86T
HRTRLETHAORE L RS COTR L LRV T,

HPREDOREDEHIZL - T, ICRPH L b »({, IERIZ, Reference MankI#} iz, Refer-
ence AsianZ B Y EiFE 5 L3R S LA LRDIEWIELRTY, KEWHPL, BASKE
ALTENRERRSCERCE T, ERAEXDBZR LTS E dReference Environment & 4 5
bDEESIGEI D ECIREN RV 2 —FVORALOCH Y 2 LT, TODFH, K720
WELREDTT., 2033 LEHHRPELCTHE-ER, BANORERY?E L R EIRGE
DFHEEZNEANZHELZ L T NLVEVIETT, - T, PRVIRE, ‘’YOEIZ-
WTh, 77 AOMEL R, i, ReB<BZALCIRLFER, B9ETHRELLY
Lo EBECET,

ZOBIRERDE S LMELBHERAEQ TV REYD Y ETL, BERDAITEL
RHEEAEAEBRNCREBL TOAFENPRETT, BARRDHE Y4 TERLLITER
DT LR, RRR—FB®, Avtrdv—FR—fOREPEDTHEADFT— % %
ICRPA#H - TiT» TH Y, W O2PRBRERD Y R—-MA-THY 7, #hkb &%, FEmr
ERHEDF~ BT 2L DB LTHESIZCL, §12, BUorbhndEdE, smoe
[ IRDARR Y AR S Y

FIAATPRDERZCELTY, BRODFT—FZZBELVELERINILT, 0ALAELT
AY 3Lz, 2008, 75207y YT, FRCETIa—u v tRmEO S URIY
LADRMEI NI, 77 RDEAPRD~E T, [EZIARZICRPOMIRFED 7 VLD
N2 MeBD, RIREBZPEZL T2 TE= -0/ T LHREL2ZY, BE» 607
—RIIBHING LI, BERDFT =25, T 6 RS NBICRPHI{TMIZ EA Y Ao Tw
(RREFBRY VLB S TH Y ETOT, BRALES E, AL HDRE, E-EKL
7,

ALUCRCHE, BRY, ZOBIRKMEFRELIF—CEHSMTICEILT, E58bY
BESITTE LI, A% SALIBHECELET,

BEHREFLREATRRT BEEREAE
NI .



FI6MKEHEREE € I+ —

(List of Members of the Organizing Committee of the Seminar)

ERE

Chairperson

BIZARR

Vice-chairperson

R

Member

7 K4 Fm
Adviser

PR
Editor

ETRAXETR—E

RBREE—ED

A B S

Fil BER]
KE w7
s TRER
REZE  IRED
B £%
AR
A B
Wil B
gk Eif
hiE EA
KB Kig
g% —ER

Tt B 25
RBkEE—ER
EIREHEET
A EB]A
R EiE

Y. Ohmomo

H. Kawamura

T. Maruyama
H. Ohtsu

S. Takahashi
J. Inaba

N. Fukuda
T. Koshijima
T. Miyamoto
M. Uchiyama
Y. Kamakura
Y. Kokuzawa
T. Yonekura
G. Tanaka

H. Kawamura
Y. Ohmomo

T. Kanazawa
Y. Kokuzawa

Y. Kamakura



BREMEE LI+ —>Y —X No.l6
BETMEICHRD 2 ARRERUE DREERF

19904 3 A31H
W% AN BER RS
WEWSN WA T AE B/AKE KB

REHERIE AR AT AT
T260 FHEHRNI4—9~1
BAEE 0472—51—2111



	nirs_m_76_01
	表紙


	nirs_m_76_02
	序言

	nirs_m_76_03
	目次


	nirs_m_76_04
	開会の挨拶

	nirs_m_76_05
	共催学会の挨拶

	nirs_m_76_06
	座長一覧

	nirs_m_76_07
	執筆者一覧

	nirs_m_76_08
	Ⅰ．線量評価における人体特性の意義
	Ⅰ－1　ICRP標準人の概念と標準日本人


	nirs_m_76_09
	Ⅱ．日本人の身体的・解剖学的特性
	Ⅱ－1　体格等の正常値と標準値設定上の問題点
	Ⅱ－2　標準日本人の器官組織の質量および体組成
	特別講演1．ICRP専門委員会2の活動


	nirs_m_76_10
	Ⅲ．人体の生理的特性
	Ⅲ－1　日本人の元素摂取量とその特徴
	Ⅲ－2　元素の器官組織内濃度と分布
	Ⅲ－3　日本人における元素の代謝
	Ⅲ－4　代謝パラメータの修飾因子


	nirs_m_76_11
	Ⅳ．食品の摂取
	日本における食品の摂取量


	nirs_m_76_12
	Ⅴ．総合討論(1)
	Ⅴ－1　人体におけるミネラルの代謝出納
	Ⅴ－2　線量評価に係わる年齢依存性の問題
	Ⅴ－3　人体を構成する臓器と腫瘍発生母地としての臓器


	nirs_m_76_13
	Ⅵ．人体特性と線量評価法
	Ⅵ－1　超音波による胸部軟組織厚の測定とファントムの製作
	Ⅵ－2　画像ファントム
	Ⅵ－3　NMR－CTと画像ファントム
	Ⅵ－4　日本人の被曝線量算定例－広島・長崎線量再評価－
	特別講演2．人類学から見た日本人


	nirs_m_76_14
	Ⅶ．関連分野からの提言
	Ⅶ－1　呼吸生理学から
	Ⅶ－2　公衆衛生学から
	Ⅶ－3　保健物理学から－体内微量放射能分布測定－


	nirs_m_76_15
	Ⅷ．総合討論(2)
	Ⅷ－1　ICRPの欧米人中心よりアジア人への比重移行についての一考察
	Ⅷ－2　IAEA/RCA放射線防護共同研究について
	Ⅷ－3　国民線量とリスクの推定における「標準日本人」ファントムの必要性


	nirs_m_76_16
	閉会の挨拶

	nirs_m_76_17
	第16回放医研環境セミナー実行委員会委員一覧




