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FOREWORD

The Co-ordinated Research Programme (CRP) on Compilation of Anatomical,
Physiological and Metabolic Characteristics for a Reference Asian Man has been conducted as a
programme of the IAEA Regional Co-operative Agreement (RCA) for Asia and the Pacific. The
CRP was conducted to provide data for radiation protection purposes that is relevant to the
biokinetic and dosimetric characteristics of the ethnic populations in the Asian region. The
radiological protection decisions that had to be made in the RCA member States following the
Chernobyl accident were a significant motivation for establishing the CRP.

Eleven RCA Member States participated in the CRP. Research co-ordination meetings
(RCMs) for the CRP were held in Mito City, Japan, 17-21 October 1988 and Bhabha Atomic
Research Centre, India, 8-12 April 1991. The concluding meeting was held in Tianjin, China,
25-29 October 1993.

Funding for the RCM by the Government of Japan is gratefully acknowledged. The
IAEA wishes to thank S. Kobayashi for his efforts in support of the CRP. The IAEA extends its
appreciation to the Japanese National Institute of Radiological Sciences for acting as the
technical secretariat to co-ordinate the work of data compilation. Specifically, the IAEA
acknowledges the contributions of H. Kawamura, G. Tanaka and T. Koyanagi. Appreciation is
also extended to the National Institute of Radiological Sciences, Japan, the Bhabha Atomic
Research Centre, India, and the Chinese Academy of Medical Sciences for the valuable
contribution they made to the CRP as hosts for the RCMs.

The IAEA officers responsible for this publication were A. Moiseev and R.V. Griffith of
the Division of Radiation and Waste Safety.

This publication is divided into two volumes: Volume 1 contains a summary of the data
and conclusions from the project and Volume 2 the reports from participating countries.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect
those of the IAEA, the governments of the nominating Member States or the nominating
organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities
and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed
as an endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA to
reproduce, translate or use material from sources already protected by copyrights.
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1. INTRODUCTION

The establishment of guidance and limits for radiation protection purposes requires
extensive data about the human. Development of secondary standards — the measurable
quantities that are used to determine compliance with the primary limits — depend on
knowledge or assumptions about the anatomical, physiological, and metabolic characteristics of
the population to be protected. Moreover, decisions regarding proper actions to be taken to
assure proper protection, such as control of food stuffs, necessitates population specific
information regarding dietary factors such as food group composition and trace element content.

The International Commission on Radiological Protection (ICRP) has published a
compilation of anatomical values, gross and elemental contents and physiological data for a
Reference Man in Publication 23 [1]. They are currently developing a revised set of data to
include more recent information. However, even the most recent work is heavily dependent on
studies of European and North American populations.

The IAEA/RCA Co-ordinated Research Programme (CRP) on Compilation of
Anatomical, Physiological and Metabolic Characteristics for a Reference Asian Man1 was
initiated to obtain country and region specific data on Asian populations. Member States of the
Regional Co-operative Agreement (RCA) for Asia and the Pacific represent approximately 50%
of the world population. It was, therefore, important to the national occupational and
environmental radiation protection programmes in the RCA region to have data for their specific
populations.

External dosimetry depends little on specific Reference Man characteristics. Normal
variations in body size and composition have very little effect on dose determination from
exposure to external sources. However, differences between individuals and populations can be
very important internal dosimetry considerations.

Determination of the dose per unit intake and annual limits of intake (ALI) depend on
anatomical, physiological and metabolic factors. Anatomical data is also very important for
developing proper calibration phantoms and procedures for in vivo measurement of
radionuclides in occupational radiation protection programmes. Dietary factors play an
important role in decisions about food basket management following possible contamination.

The objectives of this CRP were:

(1) Obtain adequate country and region specific data on indigenous populations for
comparison with ICRP recommendations.

(2) Identify parameters that are sufficiently different from established recommendations to
warrant particular attention in establishing radiation protection programmes.

(3) Develop recommendations, where possible, for use of important, readily measurable
anatomical, physiological and metabolic characteristics to scale or predict other, more
important parameters.

(4) Identify Reference Man parameters or characteristics for which sufficient additional
information is required that a subsequent CRP or related activity would be necessary.

1 Although the terms Reference Asian Man (RAM) and Asian Reference Man (ARM) both appear in the literature, they were
considered for the purpose of this CRP to have the same meaning. The former term is used throughout this report for
consistency.



The three major aspects of the CRP were compilation of data on (1) anthropomorphic
and anatomical parameters, (2) metabolism and (3) physiology. From the beginning, the need for
reliable data was considered to be very important.

It must be recognized that funding for the CRP was limited and this constrained the work
that could be performed by the participants. In a number of cases, participants compiled existing
national data and could conduct only a minimal measurement programme.

Although additional data was welcome, the participants were requested to provide
available data on the following specific parameters:

Anthropomorphic Measurements:

Height Chest width
Weight Chest depth
Sitting height Head circumference
Chest circumference Neck circumference

Organ Measurements (Masses and fraction of body mass):

Brain Lung Spleen
Breast (Female) Ovaries Testes
Heart Pancreas Thyroid
Kidney Pituitary Thymus
Liver

Daily Dietary Intake:

Elemental composition of daily dietary intake
Al, Ba, Ca, Ce, Cl, Cu, I, Fe, La, Mg,
Mn, P, K, Na, Sr, S, Th. U and Zn

Daily nutritional intake
Cereals Algae
Nuts, seeds and pulses Fish and shellfish
Potatoes and starches Meats
Sugars and confectioneries Eggs
Fats and oils Milk and milk products
Fruits Seasonings, beverages
Total vegetables and others

Physiological:

Pulmonary function
Total lung capacity
Vital capacity
Minute volume
8 hour working volume

Water balance



The original protocols for the CRP were developed during the Mito City research co-
ordination meeting, and are presented in Appendix I. Where possible, the participants were
requested to provide data which represented the age groups: newborn, 1 year, 5 years, 10 years,
15 years and adult (20-50 years). The adult population age range was selected to be consistent
with the protocol to be used by the ICRP.

In some cases, the participants were required to provide summary statistical information
on large populations (>100 000). Commercial software for the statistical analysis of large data
sets is not readily available, particularly for the personal computer. Although some participants
had access to commercial products, the IAEA was requested to consider developing and
providing PC based software that could be used by all participants so that large data sets could
be handled consistently. A description of the code SRT04Z, developed for the CRP by thee
IAEA is presented inannex II.

During the conduct of the CRP, major questions arose relating to adequate and
appropriate characterization of a Reference Asian Man. These included (1) significant variations
between and even within national populations, and (2) secular trends within a given population
as a result of changes in food distribution and dietary habits. The problem of population
variations on a regional or even national scale is analogous to the difficulty in defining a
worldwide Reference Man given differences in major ethnic populations.

The conclusions in this report represent the best effort of the participants to answer these
questions.

REFERENCE

[1] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION: Report of
the Task Group on Reference Man, ICRP Publication 23, Pergamon Press, Oxford
(1975).
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2.1. ANTHROPOMORPHIC MEASUREMENTS

J. WANG
Department of Radiation Effects,
Institute of Radiation Medicine,

Chinese Academy of Medical Sciences,
Tianjin, China

Introduction

Based on decisions taken during the Research Coordination Meetings in Mito City
1988 [1] and Bombay 1991 [2], the participants were requested to provide data on physical
measurement parameters of body height, body weight, sitting height, head circumference, neck
circumference, chest circumference, chest width and chest depth which represented the age
groups as newborn, 1 year, 5 years, 10 years, 15 years and adult 20-50 years.

Although physical measurement data was obtained by participants from 9 countries,
the data from Indonesia were considered by the national representative to be too few to
represent the whole population (804 of all age were measured) [3]. Therefore, Indonesian data
were not included in the summary. There is also little data from Bangladesh [4], so the data
from Bangladesh were included in the summary but are not used for calculation of the mid-
point of specific parameters. Republic of Korea was not represented at the final RCM.
However, the data on physical measurement were included in the summary based on the 1991
Project Report submitted to the IAEA [5]. Tables 1-7 summarize the results of measurements
for each parameter obtained during the CRP.

Reference Values for Physical Parameters

Significant variations in body height and weight were found within the national
populations from different geographical regions, different ethnic and income such as the
variations due to locality, religion and income in India [6]; and Chinese variations between
urban and rural area populations, and from south to north [7]. Proper sampling and
measurement are necessary to assure that the results are representative of the physical
characteristics of national populations. Funding for the CRP was limited. As a result, in a
number of cases, participants could conduct only a minimal measurement programme, and had
to collect and compile existing national data which had been obtained for purposes other than
setting reference values of the physique. The data representative for some countries is still in
question and some data of parameters such as chest width and depth were absent.

Significant variations in body height and weight were also found among populations
of different countries. Considering the body height, the eight countries could roughly be
divided into two groups: the first group including China, Japan, the Republic of Korea and
Pakistan, and the second group including Bangladesh, India, Philippines and Viet Nam. The
average body height of the former is 5 cm higher than that of the latter (168.6 - 163.6). This
raises the question of how to adequately characterize the physique of RAM from data
collected by the eight countries.

Tables 8-13 present the average values (weighted with equal country value and
weighted by population), range, and rounded range mid-point. There are no significant
differences among the values of average (by country and by population) and mid-point of
range. The participants agreed that the range mid-point would represent the most reasonable
compromise if a single value is to be used in practice. However, it was recommended that
individual countries use their own national data when specific or detailed evaluations might
be necessary.
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TABLE I. BODY HEIGHT MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh China India Japan Rep. of Korea Pakistan Philippines Viet Nam

X SD X SD X SD X SD X SD X SD X SD X SD

47.3 3.0 50.2 1.2 49.0 2.0 49.7 1.8 - - 48.8 7.0 - - 48.7 1.2

71.3 5.3 72.9 4.2 74.4 5.0 75.3 2.3 75.7 4.7 74.6 4.2

106.4 8.3 104.6 4.1 102.7 6.0 110.5 4.6 - - 116.8 6.9 102.9 6.4 98.9 4.3

133.9 7.8 135.5 6.2 128.1 7.0 137.4 5.7 135.8 5.7 143.0 9.4 126.8 6.2 122.2 4.7

162.8 7.7 162.3 7.5 154.2 8.5 167.2 5.9 164.2 6.2 165.1 8.5 155.1 8.2 156.0 6.1

163.9 12.8 169.2 5.8 163.4 7.5 167.8 5.7 166.8 5.5 170.6 6.4 163.4 13.8 163.8 5.2

47.7 2.5 49.6 1.1 48.0 2.0 49.3 1.8 - - 48.5 4.2 - - 48.7 1.2

70.1 3.7 71.3 4.2 72.4 5.5 74.0 2.5 - - - - - 75.0 4.9 71.5 4.2

109.7 4.2 103.6 3.6 100.8 9.0 109.6 4.6 - - 113.5 10.3 102.6 5.9 101.3 4.4

135.4 5.0 133.8 7.0 128.5 7.0 138.4 6.6 136.7 6.2 120.4 10.2 128.9 7.9 124.7 4.9

154.1 5.3 155.4 5.4 148.8 6.0 156.7 5.0 155.4 4.9 154.2 6.6 149.8 5.9 152.1 5.9

154.9 5.6 158.2 5.4 151.0 6.5 155.0 5.2 154.9 4.9 157.5 6.7 151.3 5.4 154.0 4.5



TABLE II BODY WEIGHT MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh China India Japan Republic of Pakistan Philippines Viet Nam
Korea

X SD X SD X SD X SD X SD X SD X SD X SD

24 07 32 03 29 03 32 04 - - 32 06 - - 30 03

81 14 91 10 85 15 96 10 - - - - 93 14 76 20

164 26 163 14 146 20 190 17 - - 203 30 152 17 148 25

272 65 270 39 229 35 325 62 307 45 342 70 243 38 235 26

439 63 486 70 383 65 572 92 532 70 516 88 431 76 409 48

578 90 583 64 515 85 636 88 638 77 639 81 566 83 518 54

25 07 31 02 28 03 32 04 - - 33 05 - - 29 04

70 10 85 10 81 15 91 09 - - - 90 17 78 23

164 25 158 14 142 20 186 26 - - 157 25 152 17 145 26

267 43 271 42 229 34 328 63 306 51 191 51 257 50 220 27

425 60 463 55 387 60 516 71 493 58 469 72 433 62 405 46

499 79 511 64 442 80 523 74 545 65 526 85 492 87 468 53



TABLE III. SITTING HEIGHT MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh China India Japan Republic of Pakistan Philippines Viet Nam
Korea

X SD X SD X SD X SD X SD X SD X SD X SD

29.1 2.6 33.5 1.4 33.0 3.5 - - . . . . . . 32.4 1.8

43.6 3.4 46.2 2.7 45.4 2.9 - - - - - - - 46.1 1.9

57.6 3.9 59.9 3.7 57.0 3.3 62.3 2.8 56.8 3.6 54.5 2.4

70.7 3.9 72.3 2.9 67.5 3.6 74.3 3.1 72.6 2.7 - - 66.9 3.4 65.6 4.7

85.1 4.1 86.7 4.3 79.8 5.2 89.2 3.5 87.1 4.1 - - 80.2 4.4 82.2 6.0

85.7 3.5 91.8 3.0 85.8 4.7 89.4 2.1 90.1 3.0 - - 86.0 3.8 86.2 3.8

28.3 1.7 32.6 1.4 32.5 2.8 - - . . . . . . 32.8 1.5

43.2 2 . 7 45.1 2 . 1 44.2 2 . 9 - - . . - - . . 45.1 1 . 7

57.9 3.2 59.2 2.7 56.0 3.4 61.9 2.7 56.0 2.9 53.7 3.0

67.9 3.3 72.3 3.4 67.1 4.0 75.0 3.6 72.7 3.4 - - 67.8 3.8 65.5 3.1

80.5 3.2 84.4 3.0 77.9 3.7 85.0 2.8 83.1 2.8 - - 79.2 3.3 74.0 3.2

80.6 3.0 86.2 2.8 80.0 4.1 84.1 1.9 83.9 2.9 - - 80.3 3.9 81.2 3.6



TABLE IV. HEAD CIRCUMFERENCE MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh

X SD

34.1 1.2

44.3 1.8

49.4 1.8

51.4 1.6

54.0 1.2

54.8 2.2

33.9 1.5

43.8 2.2

48.9 2.1

50.9 1.4

53.0 1.4

53.7 1.4

China

X

34.0

45.2

49.8

51.3

53.9

56.1

33.6

44.1

48.8

50.5

52.9

54.6

India

SD X

1.2 38.0

1.6 44.4

1.4 48.5

1.4 50.4

1.5 52.6

1.6 54.0

1.2 37.0

1.6 43.6

1.3 47.8

1.8 50.1

1.4 52.2

1.6 53.1

SD

3.9

3.6

1.7

1.7

1.8

2.0

3.4

1.8

1.7

1.6

1.8

2.1

Japan

X

33.6

46.4

51.0

53.4

55.9

57.6

33.2

45.3

50.1

52.7

54.8

55.2

SD

1.4

1.5

1.7

1.4

1.4

1.4

1.4

1.4

1.6

1.5

1.4

1.5

Republic
Korea

X

-

-

-

52.6

54.5

56.2

-

-

-

52.2

54.0

54.6

of Pakistan

SD X

-

-

49.8

1.4 51.7

1.5 53.8

1.5 55.5

-

-

46.6

1.4 46.0

1.4 52.0

1.4 54.8

SD

-

-

1.5

1.7

1.8

1.4

-

-

2.3

4.1

2.0

2.1

Philippines Viet Nam

X SD X SD

31.3 1.1

46.6 1.6

49.4 1.5

52.0 1.5

53.5 1.5

55.3 1.4

31.3 1.1

45.6 1.6

48.6 1.2

52.0 1.8

52.8 1.9

54.3 1.7



TABLE V. NECK CIRCUMFERENCE MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh

X

20.7

21.8

24.4

27.2

31.3

34.8

20.2

20.8

24.3

27.2

28.9

31.0

SD

2.0

1.8

1.6

2.0

2.1

2.3

2.3

2.1

1.2

5.0

1.5

2.1

China India

X SD X

.

.

24.0

27.8

31.0

35.1

.

.

24.1

27.8

31.0

31.2

SD

-

-

2.5

3.0

3.2

5.8

-

-

2.8

3.1

3.6

4.0

Japan Republic of Pakistan Philippines Viet
Korea

X SD X SD X SD X SD X

15.6

22.2

24.1

27.7 1.4 - - - 26.1

33.0 1.9 - - - - 34.7

36.0 1.8 36.1

15.4

21.9

23.7

27.2 1.6 26.2

31.9

34.0

Narn

SD

0.5

1.0

1.1

1.7

1.7

2.4

0.6

0.9

1.1

1.1

1.3

1.7



TABLE VI. CHEST CIRCUMFERENCE MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

20-50

Bangladesh

X SD

32.2 2.3

43.9 2.5

52.8 3.2

62.3 5.9

70.5 5.5

82.5 6.0

32.3 1.9

43.4 2.0

51.1 3.9

59.1 4.2

64.6 5.4

70.8 7.4

China

X

32.4

44.8

53.2

63.0

78.2

86.7

32.1

43.7

51.9

61.2

76.2

80.8

SD

1.4

2.3

2.2

3.5

5.0

4.6

1.4

2.3

2.2

3.8

4.4

5.7

India

X

35.0

43.3

50.8

59.1

70.9

80.8

32.1

42.3

50.1

58.4

71.5

78.0

SD

2.5

4.7

5.4

4.8

7.6

8.7

3.8

4.0

3.8

4.7

6.5

6.0

Japan

X

32.5

46.9

56.2

66.8

82.7

88.1

32.4

45.7

54.9

66.3

81.0

82.9

SD

1.7

2.2

3.0

5.5

6.2

4.5

1.6

1.9

3.0

5.7

5.4

4.0

Republic of
Korea

X SD

-

-

-

64.7 3.9

79.8 5.0

90.5 5.4

-

-

-

64.0 5.0

79.8 5.0

85.8 5.9

Pakistan

X SD

-

-

56.4 2.8

65.5 5.2

76.9 6.1

85.7 5.9

-

-

49.9 2.6

61.7 7.5

70.4 7.9

81.9 9.1

Philippines Viet Nam

X SD X SD

31.8 1.1

45.1 1.6

51.7 2.0

58.8 2.5

67.2 4.2

82.1 4.1

31.8 1.3

45.3 1.8

51.3 1.8

51.1 2.7

64.8 3.1

81.4 3.7



TABLE VII. CHEST DEPTH MEASURED BY THE PARTICIPANTS

Sex

Male

Female

Age
(years)

Newborn

1

5

10

15

20-50

Newborn

1

5

10

15

' 20-50

Bangladesh

X

6.1

11.3

13.4

15.7

17.9

19.8

6.7

10.6

12.5

14.2

15.9

18.1

SD

0.8

1.5

1.2

2.2

2.0

2.4

0.8

1.7

1.6

1.5

1.8

3.1

India

X

-

-

13.4

13.9

15.5

18.7

-

-

13.0

13.4

16.0

18.2

SD

-

-

1.5

1.7

2.6

2.1

-

-

2.1

2.4

3.8

3.7

Viet

X

7.4

11.0

12.3

13.9

15.6

21.4

7.4

11. 0

11.9

13.2

14.6

21.7

Nam

SD

0.4

0.5

0.8

1.5

1.2

1.2

0.3

0.5

0.8

1.4

1.4

1.6

TABLE VIII. AVERAGE, RANGE AND RANGE MID-POINT VALUES AT AGE 20-50 FOR
EACH PARAMETER

Male

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Neck circumference (cm)
Chest circumference (cm)
Chest depth (cm)

Female

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Neck Circumference (cm)
Chest circumference (cm)
Chest depth

X± SD

Equal Population
country weighting

weighting

166.1 ±2.9 166.7± 2.8
58.4 ± 5 . 1 56.5 ±4.1
88.0 ± 2.7 88.9 ± 4.7
55.7 ±1 .2 55.3 ±2.1
35.0 ±0.7 35.2 ± 5.2
85.2 ±3.6 84.5 ± 7 . 1
20.0 ±1 .4 20.0 ±2.2

154.6 ±2.6 155.1 ±3.3
50.1 ±3.3 48.8 ± 3.4
82.3 ± 2.9 83.4 ± 4.4
54.3 ± 0.7 54.1 ± 2.0
32.1 ± 1.7 31.4 ± 3.8
80.2 ± 4.8 79.7 ± 6.6
19.3 ± 2 . 1 19.8 ±3.4

Range

Min. Max.

163.4 170.6
51.5 63.9
85.5 91.8
54.0 57.6
35.1 36.1
80.8 90.5
18.7 21.4

151.0 158.2
44.2 54.5
80.0 86.2
53.1 55.2
31.2 34.0
78.0 85.8
18.2 21.7

Range
Mid-
point

Value'

167.
58.
89.
56.
36.
86.
20.

155.0
50.0
83.0
54.0
33.0
82.0
20.0

Rounded to nearest 2 significant figures
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TABLE IX. AVERAGE, RANGE AND RANGE MID-POINT VALUES AT AGE 15 FOR EACH
PARAMETER

Male

•

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

Female

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

X± SD

Equal Population
country weighting

weighting

160.9±5.0 159.7 ±4.4
47.1 ±6.6 45.3 ± 5.7
84.3 ± 3.6 84.0 ± 5.8
54.0 ± 1.0 53.6 ± 1.8
75.2 ± 5.7 75.2 ± 7.4

153.3 ±2.8 152.9 ± 3.1
44.9 ± 4.4 43.7 ± 4.0
80.6 ±3.9 81.5 ± 10.5
53.1 ± 1.0 52.7 ± 1.7
72.6 ±6.7 73.8 ± 6.7

Range

Min. Max.

154.2 167.2
38.3 57.2
79.8 89.2
52.6 55.9
67.2 82.7

148.8 156.7
38.7 51.6
74.0 85.0
52.0 54.8
64.8 81.0

Range
Mid-
point

Value'

161.
48.
85.
54.
75.

153.
45.
80.
53.
73.

Rounded to nearest 2 significant figures

TABLE X. AVERAGE, RANGE AND RANGE MID-POINT VALUES AT AGE 10 FOR EACH
PARAMETER

Male

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

Female

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

X± SD

equal population
country weighting

weighting

132.8 ±6.7 132.9 ±4.6
27.8 ±4.3 26.2 ±3.1
70.0 ± 3.3 70.3 ± 4.2
51.8 ± 1.0 51.2 ± 1.7
62.9 ±3.1 61. 9 ±4.9

130.9 ±6.3 131.4 ±4.1
25.9 ± 4.5 25.5 ± 3.0
69.8 ±3.5 70.1 ±4.6
50.6 ± 2.3 50.4 ± 2.2
60.3 ±4.9 60.2 ± 5 . 1

Range

Min. Max.

122.2 143.0
22.9 34.2
65.6 74.3
50.4 53.4
57.8 66.8

120.4 138.4
19.1 32.8
65.5 75.0
46.0 52.7
58.4 66.3

Range
Mid-
point

Value*

133.
28.
70.
52.
62.

130.
26.
70.
49.
62.

Rounded to nearest 2 significant figures
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TABLE XI. AVERAGE, RANGE AND RANGE MID-POINT VALUES AT AGE 5 FOR EACH
PARAMETER

Male

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

Female

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

X± SD

by country by
population

106.1 ± 5.9 104.7± 3.4
16.7 ±2.2 16.0 ± 1.5
58.0 ± 2.7 58.6 ± 3.9
49.7 ±0.8 49.4 ±1.7
53.5 ±2.3 52.6 ±4.1

105.9 ±5.0 104.0 ±3.4
15.8 ± 1.5 15.4 ± 1.1
57.5 ± 2.9 57.9 ± 3.6
48.5 ± 1.2 48.4 ± 1.7
51.5 ± 1.8 51.2 ±3.2

Range

Min. Max.

98.9 116.8
14.6 20.3
54.5 62.3
48.5 51.0
50.8 56.4

100.8 113.5
14.2 18.6
53.7 61.9
46.6 50.1
49.9 54.9

Range
Mid-
point

Value*

108.
17.
58.
50.
54.

107.
16.
58.
48.
52.

Rounded to nearest 2 significant figures

TABLE XII. AVERAGE, RANGE AND MID-POINT VALUES AT AGE 1 FOR EACH
PARAMETER

Male

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

Female

Height (cm)
Weight (kg)
Sitting height (cm)
Head circumference (cm)
Chest circumference (cm)

X± SD

Equal Population
country weighting

weighting

74.0 ± 1.7 73.7 ± 1.0
8.7 ± 0.8 8.8 ± 0.4

46.1 ± 2.0 45.9 ±2.9
45.4 ± 1.1 45.0 ±2.6
44.8 ± 1.4 44.3 ± 3.5

72.4 ± 1.8 71. 9 ± 1.0
8.3 ± 0.8 8.3 ± 0.4

45.2 ± 2.0 44.9 ± 2.7
44.5 ± 0.9 44.0 ± 1.8
44.1 ± 1.4 43.3 ±3.2

Range

Min. Max.

72.9 75.7
7.6 9.6

45.4 46.2
44.4 46.6
43.3 46.9

71.3 75.0
7.8 9.1

44.2 45.1
43.6 45.6
42.3 45.7

Range
Mid-
point

Value*

74.
8.7
46.
46.
45.

73.
8.4
45.
45.
44.

Rounded to nearest 2 significant figures
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TABLE XIII. AVERAGE, RANGE AND MID-POINT VALUES OF NEWBORN FOR EACH
PARAMETER

Male

Height (cm)
Weight (kg)
Head circumference (cm)
Chest circumference (cm)

Female

Height (cm)
Weight (kg)
Head circumference (cm)
Chest circumference (cm)

X ± S D

by country by
population

49.0 ±1 .0 49.5 ±0.8
3.0 ± 0.3 3.1 ±0.2

34.2 ± 2.4 35.4 ± 3.3
32.8 ±1 .3 33.3 ±2.3

48.6 ± 0.7 48.9 ± 0.8
3.0 ± 0.3 3.0 ± 0.2

33.8 ±2.7 34.8 ±2.9
32.1 ±0.2 32.1 ±2.6

Range

Min. Max.

48.8 50.2
2.9 3.2

31.3 38.0
31.8 35.0

48.0 49.6
2.8 3.3

31.3 37.0
31.8 32.4

Range
Mid-
point

Value*

50.
3.1
35.
33.

49.
3.1
34.
32.

* Rounded to nearest 2 significant figures

The distribution of height and weight values are illustrated in Figures 1 and 2, and 3
and 4, respectively. Individual national values for median and standard deviation were used
as a basis for establishing normal (Gaussian) distributions as a manner of illustrating the
relationship of the regional values of adult height and weight. Equivalent values for the
revised ICRP Reference Man are presented for comparison.

An additional problem in establishment of reference values for physique are the secular
trends seen in some countries as the population characteristic change with changing dietary
conditions and life styles. As an example, Figure 5 reflects an increase in height for 17 year
old Japanese males of 1.5 cm over a period of 15 years from 1977 to 1991 [8]. Secular trends
vary from country to country. For the developed countries such as West European and North
American no acceleration of growth has been seen in recent years, so the secular trends can
be neglected. However, for the developing countries the acceleration of growth in body height,
weight and others must be considered.

As a result of changes in food distribution and dietary habits with the socioeconomic
conditions, improved the acceleration of growth were become significant. Table 14 shows the
comparison of body height growth among students in Beijing of China with those in Japan [9].
From 1955-1985 the incremental rate of growth has dropped step by step for Japanese
students, but for Chinese students it rose gradually. The same situation can be found from the
data of the Republic of Korea, Viet Nam [10], the Philippines [11] and India [12]. The lower
mean height and weight of developing countries population were caused by a large proportion
of the population suffering from various degrees of undernutrition and malnutrition. As a
result, they are not able to attain fully their genetic potential with regard to somatic
development. For example, in India the growth and development of children from affluent
families is better than the average level of China and Japan (Table 15). Affluent Indians, in
fact, have body weights similar to those of ICRP Reference Man [13]. It is, therefore,
necessary to address secular trends when setting reference values of physique.
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oo TABLE XIV. COMPARISON OF INCREMENTAL RATE OF GROWTH IN HEIGHT AMONG BEIJING'S STUDENTS WITH THOSE AMONG
JAPANESE STUDENTS

Sex

Male

Female

Age
(years)

7
8
9
10
11
12
13
14
15
16
17

Mean

7
8
9
10
11
12
13
14
15
16
17

Mean

1955-1965

Beijing Japan

Incrementa Rate Incremental Rate
1 value % value %

1.69 1.42 2.7 2.34
1.83 1.50 3.7 3.08
2.19 1.72 3.7 2.96
1.87 1.41 4.0 3.09
2.33 1.72 4.7 3.51
0.97 0.68 5.5 3.95
1.48 1. 00 6.4 4.40
1.23 0.79 6.6 4.35
1.17 0.73 5.1 3.32
0.73 0.44 4.1 2.54
2.13 1.28 3.4 2.08
1.60 1.15 4.5 3.04

.22 1.04 3.2 2.79

.26 1.04 3.7 3.10

.38 1.09 4.0 3.21

.15 0.87 4.7 3.63
2.81 2.06 5.5 4.08

.92 .34 5.3 3.76

.96 .32 4.6 3.16
2.33 .53 3.6 2.42
3.05 .98 2.3 1.52
1.59 .02 3.0 1.97
1.35 0.86 1.6 1.04
1.82 .29 3.77 2.79

1965-1975

Beijing Japan

Incremental Rate Incremental Rate
value % value %

2.71 2.25 2.6 2.20
3.81 3.08 2.0 1.61
2.56 1.98 2.8 2.17
1.18 0.88 2.8 2.10
1.87 1.35 3.4 2.45
2.68 1.87 3.9 2.70
2.56 1.71 4.4 2.90
1.39 0.89 3.9 2.46
1.51 0.93 2.5 1.53
1.94 1.17 2.2 1.33

-0.18 -0.11 2.0 1.20
2.00 1.45 2.5 2.06

2.82 2.37 2.3 1.95
4.46 3.65 2.4 1.95
3.45 2.70 3.1 2.41
4.42 3.32 3.4 2.53
3.80 2.73 3.8 2.71
3.86 2.66 3.3 2.26
1.46 0.97 2.9 1.93

-0.44 -0.28 2.5 1.64
-0.08 -0.05 1.7 1.10

1.55 0.99 0.6 0.93
-0.32 -0.20 1.5 0.97

2.27 1.71 2.52 1.80

1975-1985

Beijing Japan

Incremental Rate Incremental Rate
value % value %

1.32 1.10 1.54 1.28
1.44 1.13 0.84 0.66
2.25 1.70 0.94 0.72
3.53 2.60 1.09 0.80
4.88 3.20 1.44 1.02
3.99 2.73 1.82 1.23
7.56 4.97 2.00 1.28
7.39 4.68 1.75 1.08
5.99 3.66 1.26 0.76
3.37 2.01 1.05 0.63
3.95 2.34 1.38 0.82
4.15 2.74 1.37 0.93

1.25 1.03 1.31 1.09
1.60 1.26 0.52 0.41
2.67 2.04 1.15 0.88
2.70 1.97 1.54 1.12
3.90 2.73 1.51 1.05
2.86 1.92 1.33 0.89
4.62 3.63 0.99 0.65
3.94 2.55 1.19 0.77
2.51 1.60 1.32 0.85
1.82 1.15 1.06 0.68
2.69 1.71 1.11 0.71
2.78 1.91 1.18 0.82



TABLE XV. MEAN HEIGHT AND WEIGHT OF AFFLUENT INDIAN CHILDREN

Age (years)

1
5
10
14
16
18
22

Male

Height (cm)

80.1
113.5
138.5
161.7
168.4
172.1
171.6

Weight (kg)

10.5
19.3
32.3
48.3
55.5
58.4
60.1

Female

Height (cm)

78.1
112.2
138.9
155.0
156.0
158.0

-

Weight (kg)

10.0
18.7
33.6
46.7
49.8
50.7

-

If the secular trends for height and weight were chosen as 0.1-0.15 cm per year and
0.1-0.15 kg per year respectively, and the year of measurement shown in this report is
assumed to be 1985, by the year 2005 the reference values of height and weight would be
169-170 cm and 60-61 kg for male adults and 157-158 cm and 52-53 kg for female adults.
These are very close to those presented in G. Tanaka's model which is 170 cm and 60 kg and
160 cm and 52 kg respectively for male and female adults [13,14]. This model probably
represents the most complete and detailed characterization of Reference Asian Man at the end
of the decade. In any event, it is clear that there are many limitations and uncertainties for the
proposed reference value of physical parameters. Adequate and appropriate characterization
for the RAM needs systematic studies.
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2.2. ORGAN MASS MEASUREMENTS XA9846832

H. KAWAMURA
Division of Radioecology,

National Institute of Radiological Sciences,
Hitachinaka, Ibaraki, Japan

Introduction

The term, anatomical measurements, in the context of this Co-ordinated Research
Programme refers to measurements of masses of internal organs [1], although the human body
is composed of internal organs and tissues such as skeleton, muscle, skin and adipose [2]. The
mass of an organ containing a radionuclide (source organ), and the mass of a target organ
which absorbs energy of the radiation, are essential parameters in the ICRP dosimetric model
derived from the MIRD method [3]. Twelve specific organs of interest were proposed at the
Coordinated research Programme Project Formulation Meeting (PFM) in 1988 [1]. A slightly
different set of thirteen organs with potential significance for radiation protection were seleted
for study at the Research Co-ordination Meeting held at the Bhabha Atomic Research Centre
in 1991 [4, Appendix 2]. The dimensions of the organs could also be useful information, but
were considered unimportant for internal dose assessment. Due to the strong concern about
the unified method for collecting organ mass data at the PFM, a guide-line was established
[1] stressing the need for organ data from subjects that were healthy and normal, at least until
shortly before death, or from sudden death cases, following the Japanese experience.

In this report, masses of nine to thirteen organs are presented from seven participating
countries. Three participants have also reported the organ masses as fractions of the total body
mass.

Materials and Methods

At the beginning of the CRP, the following criteria for obtaining normal values of mass
of internal organs were proposed and approved [1, Appendix D]. The criteria apply both to
compilation of published literature survey data and specific measurements by the participants:

(1) Subjects are to be studied who died suddenly.
(2) Autopsy should be carried out by qualified medical doctors within 24 hours after death

(in case of the temperate zone) in such a way that in situ mass of organs might be
obtained.

(3) Data should be obtained from those who are found at autopsy to have been healthy and
normal shortly before death.

(4) Data should be obtained from those who do not show any of the following
pathological changes in any organ(s): inflammation, anemia, atrophy, regressive
change, fatty degeneration, neoplasm, or tumor, all of which tend to cause a change
in the normal weight of organs.

Nutritional condition as well as the height and weight of the body may also be
observed.

The organs proposed for study were: the adrenal gland, brain, heart, kidney, liver, lung,
pancreas, pituitary gland, spleen, testis, thymus, and thyroid gland. Later, on the advice of
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the ICRP Reference Man Task Group, female breast and ovaries were added and adrenals were
omitted from the list [4].

A summary of the populations studied, and materials and methods used for collecting data
on masses of organs is shown in Table 1. In case of China [5] and India [6], the data were
obtained for sudden death victims from published reports and from medical institutions in
different locations in each country. In Indonesia [7], the data was obtained by medical doctors in
forensic science with standard autopsy techniques, together with tissue sampling from some male
subjects for chemical analysis. In Japan [8] the normal data was obtained from such subjects who
died of sudden deaths such as traffic accidents, etc. through collaboration with Tokyo Medical
Examiner's Office which deals with autopsy to find cause of death for administrative purposes.
In the Republic of Korea [9], the data were obtained in 1982, with little additional data. Since the
original paper written by the participant was not available, the methods used were not known
form compilation of this summary. In the Philippines [10], the data was obtained for medico-legal
cases in co-operation with relevant institutions in Metro Manila as well as at the two other
hospitals outside the capital. In Viet Nam [11], data were requested from a number of hospitals
with instructions on the proper procedures to be used. The received data were reviewed and
selected.

There are a few points to be noted when comparing the reported data as follows:

(1) Individual conditions for autopsy and measurement in each country were not necessarily
known for all countries.

(2) Nutritional backgrounds are not exactly the same as are described in elsewhere in this
TECDOC.

(3) Little data was obtained for ages 15-16, and under in some countries, comparison of all
the organ masses of younger ages may not be very meaningful (n < 10 to n < 80).

(4) Slightly different age brackets from those requested in the reporting format were
employed by some participants for practical reasons. This would make comparison
difficult especially for the "newborn" (i.e. less than 1 m to less than 1 y) and 1 y (i.e. 1 y
to 1-2 y) as shown in Table 2.

Results and Discussion

Mass of organs-growth pattern and adult mean

The average masses and standard deviations of individual organs for each age group,
reported by the participants [5-11] are summarized in Tables 3-14. For practical purposes, the
masses for those organs which have two lobes, i.e. the lung, kidney, thyroid gland, testis and
adrenal gland, have been summed for presentation here. Results for brain, liver, pancreas, testis
and thyroid are shown graphically in Figs 1-9. These also provide a rough indication the growth
changes. Presentation of growth curves for normal Japanese from that report is reproduced in Fig.
10 which may present typical changes in organ masses to over age 70 [12]. A detailed study of
the Japanese population has been compiled and published [13], and is here referred to as the
"Tanaka Model".

The composite averages and standard deviations of the reported national means were
calculated as in Tables 15-16. It should be noted that the overall results are inhomogeneous. The
values from the ICRP Reference Man [2] data and Tanaka Model for Reference Asian Man [13]
are included in the tables for comparison and are graphically shown in Figs. 11-12.
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TABLE I. MATERIALS AND METHODS USED FOR COLLECTING DATA ON MASSES OF ORGANS

Country Location

China
(CPR)

India 18 cities
(IND) 4 areas

Indonesia Jakarta
(IDN)

Japan Tokyo
(JPN)

Republic of
Korea
(ROK)
Philippines North
(PHI) South

Manila

Viet Nam
(VIE)

Period of Original data source
study

1950-90 15 medical colleges
33 medical colleges CIRP
Capital I. Children

1963 Venkataraman et al.
24 med. institutions
4 or more medical

institutions

1989-90 Widiatma et al.
Forensic Med.,
University of Indonesia

1970-80 Tanaka et al.
Medical examiner's

Office
N1RS

1982 Kirn et al., Republic of
Korean
Adv. En. Res. Inst.

1984 Baguio General Hospital
and after V. Sotto G. Hospital

Santo Tomas University
Hospital, P.C.C.L. & P.B.I.

Various hospitals

Cause of death

Sudden deaths

Accidental
deaths

Sudden deaths
Normal until shortly
before death

Sudden deaths
Normal, healthy until
shortly before death
Administrt. cases

Medico-legal cases

No. of subjects

19,976
4070(18-55y)
1000 (children)

10,000 (M),
4,500 (F)
10-50 for each
younger age group

120 (M), 35 (F)
(10-72y)

3,900 (M), 1470 (F)
<70 for each younger
age group

1,344 (M), 577 (F)

1,191 (M), 236 (F)
<10 for each younger
age group

220(M), 220(F)

Method of
measurement/
evaluation

The criteria followed
Data selected

Data critically
evaluated

Domestic standard
procedure, measure &
weigh after cleaning
within 24 h after death

Within 12-24 hour
after death, cadaver
weighed. Visual
examination for
pathological changes

Not specified

Visually examined for
pathological changes

(Instructions
forwarded, Received
data selected)



TABLE II COMPARISON BETWEEN THE REQUIRED AND ACTUAL AGE RANGES

Age
range, as
required

Newborn
i y
5 y
10 y
15 y

20-50 y

Age range used in individual country reports

China

<1 m
i y
5 y
10 y
15 y
20 y
30 y
40 y

India

N B
i y
5 y
10 y
15 y
>18y

Indonesia

-
-
-

10-12 y
13-15 y
20-39 y

Japan Republic
of Korea

0-1 m
1 y
5 y
l O y
15 y

20-50 y Adult

Philippines

<1 y
1-2 y
5-6 y

9-10 y
15-16 y
20-50 y

Viet Nam

N B
i y
5 y
10 y
15 y

Total
adult

Brain

The brain mass increases rapidly after birth and, as shown in Table 3 and Fig. 1-2, it
approaches the adult level at ages 5 to 10. At age 5, a somewhat slower growth rate is suggested
by the data from India (Table 3, Fig 1-2). For all ages, the male brain mass was observed slightly
larger than that for females. Relative standard deviation of the adult brain weight was relatively
small as 6.0-10.3%. In the adult male, the range found was 1236 g (India) -1442 g (Japan) with
an arithmetic mean 1361±77 g (RSD 5.7%) as shown in Table 15. The reason for the intra-
regional difference was not clear taking individual standard deviations into account. The brain
mass from the Tanaka Model, 1470 g for adult male is within ± 8% level, which compares with
1400 g of the ICRP Reference Man.

For the adult female, the range found was 1140 g (India) to 1321 g (Japan) with a mean
of 1262±74 g. This is only 58 g smaller than the value from the Tanaka Model and 62 g larger
than the ICRP Reference Woman value as shown in Table 16.

Breast

Only the Viet Namese report provided data for breast [11]. From that report, the breast
mass grows slowly. At 15 years, it becomes about 4.6 times that at 10. Relative standard
deviation of the breast weight in the adult was 18%. In this report [Ref. 11, Table 5], the weight
is referred to as that of the breast (right), but it is assumed to be the total weight of the right and
left. The figure is 50 g less than that assumed by the Tanaka Model for Reference Asian adult
female, and 110 g smaller than that of the ICRP Reference Woman as shown in Table 16.

Heart

The heart weight increases gradually with age as shown in Table 4. There is no apparent
difference in the data reported here in the growth pattern found among the locations. Over 10
years, the male heart was larger than that of the female, though within one standard deviation.
There are some differences in the average heart weights for the adult male among the countries
form a minimum for India (243 g) to a maximum for Japan (379 g). The mean is 303±53 g. The
relative standard deviations in the adult ranged from 10.0% (Viet Namese) to 23.8% (Japanese).
The mean is 20% smaller than that for the Tanaka Model (380 g). In comparison with the ICRP
Reference Man (330 g), it is only 8% smaller.
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FIG. 1. Male brain mass — grams.
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FIG. 2. Female brain mass — grams.
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FIG. 9 Female thyroid mass — grams.

In the adult female, the heart weight ranged from 211 g (India) to 310-g (Japan), the mean
being 261=41 g. This was about 60 g smaller than that of the Tanaka Model adult female (322
g) and 21 g larger than the ICRP Reference Woman (240 g).

Kidney

The data show that the weight of the kidney, as in Table 5, gradually increases with age.
Growth patterns appeared roughly similar for the countries while male growth from 15 years to
the adult male \ aried from country to country.

The combined mass of the kidneys in the adult male showed a range 207 g (Indonesia)
to 324 g (Japan) with a mean of 268-42 g. This is about 50 g smaller than that for Tanaka Model
(320 g) which is similar to that for ICRP Reference Man (310 g).

In the female, the kidney weight ranged from 192 g (Indonesia) to 293 g (Philippines)
with a mean of 248 - 39 g, which is about 34 g smaller than the Tanaka Model, and about 27 g
smaller than the ICRP Reference Woman (275 g).

Liver

As shown in Table 6 and Figs 3-4, the liver weight increases gradually with age and the
growth patterns appeared generall) similar for the countries as seen from the reported data. Mass
of the adult male liver ranges from 1135 g (India) to 1864 g (Republic of Korea) with a mean
1429=254 g. This is about 170 g smaller than 1600 g of the Tanaka model, which is in turn 200
g less than that of the ICRP Reference Man, 1800 g.

In the adult female, it was found to be from 1051 g (India) to 161! g (Republic of Korea)
with a mean of 1296=183 g, which is about 72 g smaller than in the Tanaka Model (1368
g) and 104 g smaller than in the ICRP Reference Woman (1400 g).
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TABLE III. BRAIN MASS - GRAMS

Sex
Male

Female

I)
2)
3)
4)

China (1) India
Age Mean S D Mean S D

Newborn 3980 4080 295 138
Iy 10246 10359 785 133
5y 12938 13125 986 230

lOy 13880 13920 1142 182
ISy 14466 1441 1 1208 172

20-50y 14329 (1430) 1236 127

Newborn 4156 5542 295 138
Iy 9507 9640 670 215
5y 11825 11942 1010 220

lOy 13006 12982 1084 182
15y 13066 1119 1150 100

20-50y 13174 (1928) 1140 120

Adult mean calculated from the means and S D s for the 20

Indonesia (2,3)
vlean

13875
13560
1345 1

13482

12026

Japan
Mean

4750
11335
14033
1447 1
14750
1442 1

4675
10603
13586
1301 7
13620
13086

SD

1023
1133
932
840

101 7
1166

1248
1373
904

1047
97 1
997

Philippines (4)
Mean

(1020)
1125
1283
1317
1357
1387

_
1027
1250
1282
1330
1321

SD

-
83
85

120
121
143

62
-

29
30

115

Viet Nam
Mean

33563
90120

115760
117071
1294 07
132090

33557
90000

112320
113889
1243 )0
1284 13

SD
2207
6784
7774
7736
8059
7970

24 17
5831
7454
7250
7893
71 79

, 30 and 40 year old adult
Sum of the means and S Ds for the cerebrum, cerebellum and brain stem
"10y"=10-12>, "I5y"=13-15y and "20y-50y"=20-39y
"Newborn"=<ly, "ly"=l-2y, "5y"=5-6y, "I0y''=9-10y and "15y"=I5-16y

TABLE IV. HEART MASS - GRAMS

Sex

Male

Female

Age

Newborn
iy
5y

10y
isy

20-50y

Newborn
iy
5y

10y
ISy

20-50y

China (1) Ind.a Indonesia (2) Japan Republic of Korea Philippines (3)
Mean S D Mean S D Mean S D Mean S D Mean Mean S D

22 1
595
996

1525
2587
3008

21 5
497
970

1419
231 0
2669

84
480
240
486
550

(549)

70
11 1
553
386
483

(521)

17
39
73

140
208
243

17
35
74

134
220
211

7
12
50
58 11995
95 207 83
52 253 55

7
12
28
78 98 50

105
47 21720

279
590
971

3571 1771
80 27 302 9
36 35 379 3

27 1
567

1163
170 1
2350

34 66 309 8

93
140
133
205
27 1
90 3 348 8

74
166
287

493
937 3016

(19)
62
97

166
306
334

(15)
58
94

156
248
288

(11)
6
5

11
11
62

(7)
5
-
5
8

43

Viet Nam
Mean SD

1709
4140
8244

12564
20393
25841

1700
4200
8408

11981
20234
23024

1 70
289
5 14
761

1729
2582

1 97
301
5 17
766

1856
2421

1) Adult mean calculated from the means and S D s for the 20, 30 and 40 year old adult
2) "10y"=IO-12y, "15y"=13-15y and "20y-50y"=20-39y
3) "Newborn"=<ly, "ly"=l-2y, "5y"=5-6y, "I0y"=9-10y and "I5y"=l5-I6y

TABLE V KIDNEY MASS (2) - GRAMS

China (1)

Sex
Male

Female

I )
2)
3)

Age
Newborn

iy
5y

10y
ISy

20-50y

Newborn
iy
5y

10y
15y

20-50y

Mean

28 1
760

1229
1720
2530
2793

277
708

1202
1686
242 1
260 1

SD
108
235
308
456
539

(575)

11 3
189
363
484
467

(514)

India

Mean
20
56
98

141
198
224

20
51
95

143
217
207

SD

7
16
39
37
51
48

7
18
39
32
54
47

Adult mean calculated from the means and S D s for
"10y"=10-12y, "
"Newbom"=<ly

15y"=13-15y and
"ly"=l-2y, "5y"

"20y-50y"=
=5-6y "lOy

20-39y
"=9-1 Oy

Indonesia (2)

Mean

11475
19433
20659

101 9
-

1920S

Japan Republic of
Korea

Mean Mean

302
728
1122
1836
2450
3240 2516

291
688
1162
1600
2375
279 4 227 7

Philippines (3) Viet Nam

Mean

(15)
76
146
193
269
295

(13)
68
117
168
240
293

Mean

2741
7204

12976
19400
23637
29623

2600
7000

12820
18660
234 10
27640

SD

278
626

1148
1221
1368
1333

220
640
998

1075
1013
1267

the 20, 30 and 40 year old adult

and "15y"=15-16y
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TABLE VI LIVER MASS - GRAMS

Sex
Male

Female

Age
Newborn
iy
5y
ib>
15y
20-50>

Newborn
iy
5y
I0y
15y
20-50y

China (1)

Mean S D
1148
3709
6356
8859

12494
13567

1153
341 6
6244
9432

12330
12724

619
1276
1597
2345
2550

(233 9)

379
893

3157
9552
273 1

(248 8)

India Indonesia (2)

Mean S D Mean S D

99
250
478
785
888

1135

99
222
448
617
954

1051

32
103
172
203 666 28 57 02
245 87400 1868
251 11556 29845

32
81

150
208
244
226 11147 23691

Japan Republic of
Korea

Mean S D Mean

1690
4276
6392
9429

13638
15989

1274
391 9
6250
9100

12767
13452

444
904
674

1430
1507
3544 18639

361
71 5
91 5

1076
755

3328 16109

Philippines (3)

Mean SD

(89)
364
735

1064
1299
1472

(66)
390
600
875

1265
1361

(58)
100
27

106
285
232

(31)
32
.

18
15

180

Viet Nam

Mean SD

7588
21096
40280
70506

120444
141782

7760
221 20
36200
69220

1161 90
131900

560
1682
5564
7671

10789
11691

541
6503
3272
5767

23758
10570

TABLE VII. LUNG MASS (2) - GRAMS

China (1) India Indonesia (2,3) Japan (2) Republic of Philippines (2,4) Viet Nam

Sex
Male

Female

D
2)
3)
4)

Age Mean S D Mean S D Mean

Newborn 614 220 63 21
Iy 2077 1673 123 36
5y 3620 1204 252 137

lOy 5642 2287 462 220 30968
15y 9416 4353 645 242 75450

20-50y 10651 (3294) 841 154 82685

Newborn 565 178 63 21
Iy 1871 639 98 30
5y 3543 1246 208 55

lOy 4726 1897 413 198
15y 7693 2325 598 226

20-SOy 8422 (2329) 670 140 73916

Adult mean calculated from the means and S D s for the 20, 30
Sum of the means and s d s for the left and right lobes
"10y"=10-12y, "15y"=13-15y and "20y-50y"=20-39y
"Newbom"=<ly, "ly"=l-2y, "5y"=5-6y, "10y"=9-10y and "15y"

Korea (2)
Mean Mean
904
1936
3229
5543
9100
11698 12014

904
1860
2550
4534
641 3
906 8 948 4

and 40 year old adult

=15-16y

Mean

(69)
216
281
515
831
1049

(64)
191
318
431
735
864

Mean
3991

12060
21224
390 18
64370
68006

3911
11980
20720
32540
57030
60750

S D
441

1252
1586
1979
2237
2730

402
2671
2052
2080
21 17
2641

TABLE VIII PANCREAS MASS - GRAMS

Sex
Male

Female

Age
Newborn

iy
5y

10y
15y

20-50y

Newborn
iy
5y

10y
15y

20-50y

China (1)

Mean SD
44
210
395
562
884
1085

43
177
41 8
494
848
98 1

32
301
143
206
252

(294)

23
7 0

55 1
153
31 2

(280)

India

Mean SD

3
14
25
55
80
96

3
11
31
47
73
82

1
6
12
15
49
34

1
6
13
15
25
32

Japan Republic of
Korea

Mean S D Mean

58
24 1
395
743
1000
135 1

70
242
467
61 7
1008
1122

26
77
79
140
200
378 564

2 7
50
86
4 1
6 1

30 4 54 0

Philippines

Mean SD

(4)
25
49
70
100
129

(4)
24
42
63
97
105

(4)
4
1
8
2
15

(3)
2
-
1
2
5

Viet Nam

Mean SD
553
1504
4000
7200
10200
12481

597
14 12
3684
6981
9741
11030

203
430
804
1206
1789
21 55

1 42
387
631
975

21 16
2201

Adult mean calculated from the means and S D s for the 20, 30 and 40 year old adult
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TABLE IX PITUITARY GLAND MASS - GRAMS

Sex
Male

Female

Age

Newborn
iy
5y

I0y
15y

20-50y

Newborn
iy
5y

10y
15y

20-50y

Japan
Mean SD
0 19
021
032
036
053
056

020
027
031
036
057
063

008
008
006
007
008
0 12

007
006
008
008
008
015

Viet Nam
Mean SD
0 10
0 14
025
034
048
060

0 11
0 15
025
036
055
060

001
001
005
009
0 14
0 12

002
002
005
006
o n
0 11

TABLE X SPLEEN MASS - GRAMS

China (1)

Sex
Male

Female

1)
2)
3)

Age Mean
Newborn 1 1 9

Iy 45 1
5y 789

lOy 1067
15y 161 7

20-50y 167 1

Newborn 1 1 3
Iy 397
5y 653

lOy 944
I5y 1506

20-SOy 146 5

Adult mean calculated
"10y'=10-l2y "I5y"=

SD
8 1

229
754
490
733

(803)

5 7
172
284
440
675

(615)

India Indonesia (2)

Mean
7

23
58

102
118
137

7
21
58
89

132
119

from the means and
13-lSy and

"Newbom"=<Iy "ly"=l-2y "5y'
"20y-50y

SD Mean
4

13
31
55 73 13
28 83 75
67 11271

4
8

23
62
44
59 10423

S D s for the 20
"=20-39y

=5-6y ' 10y"=9-IOy and "

Japan Republic of

SD Mean

1739
37 12
5676

2830

125
459
61 7
91 1

1208
1298

126
367
529
85 1

113 1
123 1

30 and 40 year old

15y"=15-16y

Korea
SD Mean

4 7
177
186
21 7
184
54 2 67 3

46
112
137
31 6
224
53 6 58 2

adult

Philippines (3)

Mean

(7)
47
66
88

124
138

(?)
33
65
75

110
120

SD

(?)
2
1
7
3

18

(6)
15
-
4
-

14

Viet Nam

Mean

803
2588
4692
8792

14956
16574

803
25 19
41 76
8593

13724
13968

SD
133
509

1201
1752
2864
3868

130
640

1019
19 16
2145
2671

TABLE XI TESTIS MASS (2) - GRAMS

India Indonesia (1 2'
Age Mean S D Mean
Newborn
iy
5y
10y
ISy
20-50y

1) Sum
2) "lOy

2
3
6
7

22
35

1
1
3
2 1325
5 2366
5 2644

of the means and s d s tor the
"=10-l2y "15y"=13-15y and "

Japan (1)
Mean
1 64
264
287
409
3329
3611

left and right
20y-50y"=20-

Viet Nam
Mean

035
1 03
296
402

1767
3686

lobes
39y

SD
o n
052
1 12
1 72
336
444
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TABLE XII THYMUS MASS - GRAMS

Sex
Male

Female

Age

Newborn
iy
5y

10y
15y

20-50y

Newborn
iy
5y

10y
I5y

20-50y

Japan
Mean SD

176
30 1
309
397
35 1
322

188
28 1
338
340
307
275

84
82
95
93

127
164

85
82
85
53
58

120

Viet Nam
Mean SD
1306
2000
2004
1500
1493
1000

11 97
1992
1808
1507
1497
797

219
308
363
292
3 15
221

214
305
320
304
325
223

TABLE XIII THYROID GLAND MASS (2) - GRAMS

Sex
Male

Female

China 80% normal India Indonesia Japan Philippines Vie! Nam
Age Mean Range Mean S D Mean S D Mean S D Mean S D Mean S D

Newborn
iy
5y

10y
isy

20-50y

Newborn
iy
5y

lOy
ISy

20-50y

23
33
64
97

123
274

23
3 1
57
99

13 1
266

1 1-39
17-53

3 1-102
49-162
70-199

10 7-55 8

1 M3
1 6-5 1
34-87

50-165
76-195

101-335

1 5
3
4
8

12
19

04
I 0
20
30 658
50 1 1 67
70 1681

1776

1 58
270
377

372 871
551 1551
685 1880

1 57
256
504
958

1530
615 1680

056
071
058
I 13
241
513

047
072
077
354
302
486

(8)
-
-

10
-

22

(2)
5
-

20
-

30

202
295
900

2003
10 2799

3547

2 17
282
923

1867
- 2775
8 3600

027
036
1 50
273
342
431

035
032
238
302
356
331

TABLE XIV ADRENAL GLAND MASS (2) - GRAMS

Sex
Male

Female

Age

Newborn
iy
5y

10y
ISy

20-50y

Newborn
iy
5y

lOy
ISy

20-50y

China
Mean

73
52
7 5
98

126
147

7 2
54
73

100
142
143

SD

33
22
4 1
48
45
57

32
28
39
47
53
62

Indonesia
Mean

538
850
II 30

967

Japan
Mean
434
453
530
879
1091
1429

365
408
558
810
1063
1291

Philippines
Mean

20

17

25
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TABLE XV MALE ADULT ORGAN MASSES (7 COUNTRIES)

Organ

Brain
Heart
Kidney (2)
Liver
Lung (2)
Pancreas
Pituitary
Spleen
Testis (2)
Thymus
Thyroid
Adrenal (2)
Gall bladder
Prostate
Salivary gland

1) Ref 17
*) Figures in

No of
countries

6
7
7
7
7
6
2
6
4
2
6
4
1
1
1

parentheses are

Range

Mm

1,236
243
224

1,135
680
96
056

113
264
100
168
11 3

-
-

"

estimates

Max

1,442
379
324

1,864
1,201

135
060

167
369
322
355

17
-
-

"

Mean

1,361
303
268

1,429
976
119

058
142
336
21 1

32 2 (JPN)
143

29 (PHI)
19 1 (IDN)
78 5 (IDN)

SD Mid
point

(1)

77
53 310
42

254 1,502
196 945

16
-
21

1 8
-

16 4 (JPN)
23

18 (PHI)
109 (IDN)
14 9 (IDN)

Tanaka
Model

adult male

1,470
380
320

1,600
1,200

130
06

130
36
32
19
14

(8)»
(13)
(82)

Reference
Man

ICRP Pub
23

1,400
330
310

1,800
1 000

100
06

180
35
20
20
14
10
16
85

TABLE XVI FEMALE ADULT ORGAN MASSES (7 COUNTRIES)

Organ

Brain
Breast
Heart
Kidney (2)
Liver
Lung (2)
Ovary
Pancreas
Pituitary
Spleen
Thymus
Thyroid
Adrenal (2)
Uterus
Gall bladder
Salivary gland

No of
countries

6
1
7
7
7
7
1
6
2
6
2
6
4
1
1
1

Range

Mm

1,140
-

211
192

1,051
608
-
82
060

119
797

168
97

-
-
~

Max

1,321
-
310
293

1,361
948
-
112

063
147

275
360
25

-
-

"

Mean

1,262
250 (VIE)

261
248

1,296
797

90 (VIE)
100

062
125

27 5 (JPN)
254
155

58 5 (PHI)
40 (PHI)
65 8 (IDN)

SD

74
45 (VIE)

41
39

183
127

1 0 (VIE)
12
-
15

120 (JPN)
82
66

29 9 (PHI)
7 (PHI)

194 (IDN)

Tanaka Model
adult female

1,320
(300) *
322
282

1,368
894
(11)
113

064
125
29
17
13

(70)
(6)

(62)

Reference
Man

ICRP Pub
23

1,200
360
240
275

1,400
800

11
85

07
150
20
17
14
80

8
70

*) Figures in parentheses are estimates

Lung

The lung mass grows gradually with age (Table 7) with similar patterns of increase seen
for all the participating countries. The weight of the both lungs in the adult male for the seven
countries was from 680 g (Viet Nam) to 1201 g (Republic of Korea) with a mean of 976±196 g.
A relatively large variation was found (RSD 20.1%). The mean is approximately 220 g or 19%
smaller than that of Tanaka Model, 1200 g but is only a little smaller than 1000 g in the ICRP
Reference Man.
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In the female counterpart, it ranged from 608 g (Viet Nam) to 948 g (Republic of Korea)
with a mean of 797±127 g (RSD 15.9%). This is about 11% less than the Tanaka Model (894 g),
and almost the same as that of the ICRP Reference Woman (800 g).

Pancreas

The mass of the pancreas increases with age with similar growth patterns for the reporting
countries (Table 8 and Fig. 5-6). The mass in the adult male ranged from 96 g (India) to 135 g
(Japan) with a mean 119±16 g. This was about 11 g less than that for the Tanaka Model, and 19
g larger than the ICRP Reference Man.

In the adult female, it ranged from 82 g (India) to 112 g (Japan) and the mean was 100±12
g. It was about 13 g less than in the Tanaka Model, but, 15 g larger than the ICRP Reference
Woman.

The Korean results were not used in the calculated means because they were about one
half of the other participants' values. However, another source indicates 85.5 and 89.7 g, for their
adult female and male, respectively [Ref. 9, Table 9-10].

Pituitary gland

The pituitary gland is a small organ of less than 1 g (Table 9). It grows with age and stays
almost constant in the adult male and female up to age 50. The data was obtained only from Japan
and Viet Nam. It is only the organ that is larger in the female than in the male [2, 12].

In the adult male, the mean 0.58 g is close to that assumed in Tanaka Model 0.60 g, which
is the same as that in the Reference Man. In the adult female, the mean was 0.62 g and a little
smaller than the Tanaka Model, and ICRP Reference Woman, 0.64 and 0.70 g, respectively.

Spleen

The spleen mass shows gradual increase with age, while, according to Japanese data, tends
to exhibit considerable decrease beyond after the 30s, both in the male and female (Table 10). In
the adult male, the weight ranged from 113 g (Indonesia) to 167 g (China), with a mean of
142±21 g, which is 12 g larger than for the Tanaka Model (130 g). It was 38 g smaller than for
the ICRP Reference Man (180 g). The spleen weight may increase due to a certain disease [14].

In the adult female, it ranged from 104 g (Indonesia) to 147 g (China) with the mean
125±15 g. This was the same as that of the Tanaka Model and 25 g smaller than the ICRP
Reference Woman.

The Korean results were not used in calculating means because they were about a half of
the rest of the data, but, the other data source shows approximately 100 and 107 g for the female
and male, respectively [Ref. 9, Table 9-10].

Testis

As shown in Table 11 and Fig. 7, the weight of testes increases very slowly until 10 years
and showed a spurt between 10 and 15 years. The spurt appeared most conspicuous for Japanese,
followed by the Indians and the Viet Namese.

The testes weight in the adult ranged from 26.4 (Indonesia) to 36.9 g (Viet Nam) with a
mean of 33.6±1.8 g (RSD: 5.4%). The mean mass is consistent, within -6.7%, with the value of
the Tanaka Model for Asian adult male and ICRP Reference Man, 36 and 35 g, respectively.
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Thymus

It is known that the thymus shows a peculiar growth pattern - rapid growth up to around
10 or 12 years and decrease thereafter [2], as also seen for Japanese [12]. Data was reported only
from Japan and Viet Nam (Table 12).

The thymus weights from Viet Nam are generally smaller that those for Japanese children
and particularly adult male (about a third: 10 to 32.2 g in the adult male). The mass of the Tanaka
Model is 32g.

In the adult female, the data from Japan was 27.5g, compared with 29 g in the Tanaka
Model. The value reported from Viet Nam was about 8 g. The thymus weight of the ICRP
Reference male and female is the same, 20 g.

Thyroid gland

As shown in Table 13 and Figs 8-9, the thyroid gland showed an increase with age, with
acceleration in the teens. The value was then constant past age 60. The increase after birth to 17
years has been pointed out to be an important factor in assessing dose from radioiodine deposited
in the organ.

The thyroid weight of the adult male has a wide range from 16.8 g (Indonesia) to 35.5g
(Viet Nam), and appeared in the following order: Viet Nam > China > Philippines > India > Japan
> Indonesia. This may be associated with possible occurrence of goiter due to low intakes of
natural iodine in the diet. It is known that goiters are seen in Viet Nam [15], The mean value
23.2±7.0 g (RSD 30.2%) is considerably larger than the value for the Tanaka Model and the ICRP
Reference Man, 19 g and 20 g, respectively.

The thyroid weight in the adult female was from 16.8 g (Japan) to 36.0 g (Viet Nam) with
a mean of 25.4±8.2 g (RSD 32.3%). No data was available from India. The mean is markedly
larger than those in the Tanaka Model and ICRP Reference Woman, 17 and 17 g, respectively.

Adrenal gland, gall bladder, prostate and uterus

The adrenal weight increases with age. In the adult, it changes little up to the 50s and 60s
according to the Japanese data (Table 14). The adrenal mass in the adult male ranges from 11.3
(Indonesia) to 17 g (Philippines) with a mean 14.3 g which is in agreement with that of the
Tanaka Model and ICRP Reference Man, 14 g. In the adult female, it ranged from 9.7 g
(Indonesia) to 25 g (Philippines) and the mean being 15.5±6.6 g. This was 19% larger than the
Tanaka Model and 11% larger than the ICRP Reference Woman.

The gall bladder was reported only from Philippines. The average weights for the adult
appeared a few times larger than those assumed by ICRP.

The weights of the prostate (19.1 g) and salivary glands (78.5 and 65.8 g for the male and
female adult, respectively) are reported only from Indonesia and regarded to be valuable (Tables
15-16).

Summary of Average Adult Organ weights

Male

The total mean of the brain mass, 1361 g had small variation among six countries (RSD
5.7%) and 93 and 97% of the ICRP Reference Man and Tanaka Model adult male, respectively
(Fig. 11).
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The average weights of the heart, kidney, liver and lung were lower than that of the ICRP
Reference Man, being 92, 87, 79 and 98%, respectively. These were 80, 84, 89 and 81% of the
Tanaka Model for Asian adult male, respectively. The weights of the pancreas, thymus and
thyroid were larger than those of the Reference Man, being 119, 161 and 116%, respectively.
These were 92, 100 and 122% of that of the Tanaka model, respectively. That of the pituitary,
testis and adrenal was 97,96 and 102%, of that of the Reference Man, respectively, while it was
being 97, 93 and 102% of that of the Tanaka Model. The spleen weight was 79 and 109% of that
of the Reference Man and Tanaka Model, respectively.

For information, the weight of the prostate and salivary glands reported was 119 and 92%
of that of the ICRP Reference Man, respectively.

Female

The mean brain mass was 1262 g (RSD 5.9%) and 96 and 105% of that for the Tanaka
Model and Reference Woman of ICRP (Fig. 12).

The average weight of the heart, kidney, liver and lung was 109, 90, 93 and 100% of that
of the ICRP Reference Woman, respectively. That was 81, 88,95 and 89% of that of the Tanaka
Model for Asian adult female, respectively. The weight of the breast and ovary reported was 69
and 82% of that of the Reference Woman, respectively and 83 and 82% of that of the Tanaka
Model, respectively. The weight of the pancreas, thymus and thyroid was 118, 138 and 149%,
respectively of the Reference Woman. It was 88, 95 and 149% of that of the Tanaka Model,
respectively. The average weight of the pituitary and adrenal was 89 and 111%, respectively of
that of the ICRP Reference Woman and 97 and 119% of the Tanaka Model for Asian adult
female. The spleen weight was 83 and 100% of the Reference Woman and Tanaka Model,
respectively.

For information, the weight reported for the uterus and salivary glands was 73 and 94%
of the Reference Woman and 84 and 106% of the Tanaka Model, respectively.

Fractional mass of organs

The fraction of total body mass represented by each organ, assumed to have been obtained
for individual subjects, are averaged over each age group in Tables 17-18. Significance of the data
lies in that they are the ratios of the individual organs to the total body weight in individual
subjects, and that the values can be regarded to be normalized with respect to the body weight,
providing that the data were properly obtained. The data may be useful in understanding organ
masses among different populations. However, the following factors should be noted for nature
of the fractional mass data:

(1) the weight of cadaver might be affected by dehydration after death, and
(2) the body weight is the sum of the lean body mass and body lipid (fat), and may be

influenced by varying degree of obesity in the adult.

The pattern of change in the fractional mass of organs during growth from the newborn
to adult (20-50y) is summarized in Table 19. However, the patterns do not indicate changes
between 20 and 50 years. Variations in the fractional mass with age for the brain, liver, spleen
and thyroid are shown in Figs. 13-18.
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The average fractional organ masses

The mean fractional masses calculated from Chinese, Indian and Japanese data for 12
organs in the adult male and 11 in the female are shown in Tables 20-21. The data for the adrenals
from China were not used in the calculation. Fractional masses calculated from the Tanaka Model
[13] and ICRP Reference Man data [2] are presented for comparison. Fractional organ masses for
Indonesia, Philippines and Viet Nam were estimated using the average body mass values for the
adult male and female, and are shown in the tables. From these tables, the following can be seen:

(1) The fractional mass for most of the organs currently reported from China, India and Japan
appears to be similar.

(2) Estimated fractional organ masses from the Philippine data are relatively close to the
mean fractions reported from the three countries. For the Indonesian estimates, the
fractional mass for organs except brain seemed to be smaller than mean fractions from
China, India and Japan. For Viet Nam, the estimates for kidney, spleen and thyroid
appeared larger than the three country-means.

(3) The fractional mass of the brain in the adult male and female appeared to be nearly
constant, 0.025-0.027 among the three country-means, estimates for other three countries
and the Tanaka Model adult male. It was considerably larger than 0.020-0.021 of the
ICRP Reference Man and Woman.

(4) The data shows that the fractional organ mass may vary from population to population,
especially between the present Asian and the European populations (including North
Americans) as recommended by ICRP.

Comparison of fractional organ mass with Tanaka Model and ICRP Reference Man data

In Fig. 19 are shown ratios between the total mean of the fractional organ masses (China,
India and Japan) and the Tanaka Model or the ICRP Reference Man data.

Male

With reference to the Tanaka Model adult male, most of the organs showed ratios near
unity (brain, kidney, liver, lung, pancreas, pituitary gland, testes, thymus, adrenals: 0.90-1.13)
where the spleen, thyroid and heart, showed somewhat high or low ratios: 1.27, 1.28 and 0.89,
respectively (Fig. 19).

In comparison with ICRP Reference Man, many organs showed larger values than unity
(brain, heart, lung, pancreas, testes, thymus, thyroid, adrenals: 1.25-1.93). Among them, the brain,
pancreas, testis, thymus and thyroid were organs to have ratios larger than 1.30. However, for the
heart, liver, pituitary and spleen, the three country means were within 0.96-1.11 of the Reference
Man.

Female

In comparison with the Tanaka Model adult female, eight organs had ratios near unity
(brain, kidney, liver, lung, pancreas, pituitary, thymus, adrenals: 0.91-1.04) while the spleen,
thyroid and heart show slightly different ratios: 1.16, 1.12 and 0.86, respectively (Fig. 19).

Compared with ICRP Reference Woman, however, the present ratios tended to be higher
for nine organs (brain, heart, kidney, lung, pancreas, spleen, thymus, thyroid and adrenal: 1.12-
1.59). Among them, the brain, heart, pancreas, thymus and thyroid have ratios greater than 1.24.
However, for the liver and pituitary, the ratio was 1.04 and 1.00, respectively.
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TABLE XVII FRACTIONAL ORGAN MASS - BRAIN, HEART, KIDNEY, LIVER AND LUNG

Brain Heart Kidney Liver Lung
SfcX AGE China India Japan Mean China India Japan Mean China India Japan Mean China India Japan Mean China India Japan Mean
Male Newborn

iy
5y

10y
I5y

20-50y
Female Newborn

iy
5y

I0y
I5y

20-50y

0131 01 013 0120
0 1 1 4 0095 0120 0110
0078 0069 0085 0077
0053 0050 0053 0052
0030 0030 0029 0030
0027 0024 0026 0026
0138 01 0130 0123
0112 0086 0110 0103
0074 0072 0079 0075
0055 0048 0046 0050
0036 0027 0029 0031
0025 0026 0028 0026

0007 0006 00075 00068
0007 0004 00060 00057
0006 0005 00058 00056
0005 0006 00064 00058
0005 0006 00060 00057
0005 0005 00068 00056
0007 0006 00074 00068
0006 00045 00054 00053
0006 0005 00066 00059
0006 0006 00060 00060
0005 0006 00053 00054
0005 0005 00066 00055

0009 0007 00082 00081
0009 0007 00071 00077
0007 0007 00070 00070
0007 0006 00067 00066
0005 0005 00048 00049
0005 0004 00058 00049
0009 0007 00079 00080
0008 00065 00070 00072
0007 00068 00066 00068
0006 00064 00059 00061
0006 00057 00051 00056
0005 00048 00060 00053

0038 0034 0045 0039
0041 0030 0044 0038
0037 0033 0038 0036
0034 0035 0034 0034
0025 0024 0027 0025
0023 0022 0029 0025
0039 0035 0047 0040
0040 0028 0043 0037
0040 0032 0036 0036
0038 0030 0032 0033
0028 0025 0027 0027
0024 0024 0028 0025

0021 0022 0024 0022
0021 0015 0020 0019
0022 0018 0019 0020
0021 0020, 0019 0020
0016 0017 0018 0017
0017 0016 0021 0018
0020 0022 0024 0022
0022 0013 0019 0018
0021 0015 0019 0018
0018 0018 0017 0018
0018 0016 0015 0016
0016 0015 0019 0017

TABLE XVIII. FRACTIONAL ORGAN MASS - PANCREAS, SPLEEN, TESTES AND THYROID

Pancreas Spleen Tesles Thyroid
SEX AGE China India Japan Mean China India Japan Mean India Japan Mean China India Japan Mean
Male Newborn

iy
5y

lOy
I5y

20-50y
Female Newborn

iy
5y

lOy
I5y

20-50y

0002 0001 00015 00015
0002 0002 00025 00022
0002 0002 00025 00022
0003 0002 00027 00026
0002 0002 00020 00020
0002 0002 00024 00021
0002 0001 00019 00016
0002 0002 00018 00019
0003 0002 00027 00026
0002 0002 00022 00021
0002 0002 00022 00021
0002 0002 00024 00021

00040 0002 00035 00032
00050 0003 00047 00042
00040 0004 00034 00038
00040 0004 00033 00038
00030 0003 00023 00028
00030 0003 00023 00028
00040 0002 00033 00031
00050 0003 00050 00043
00040 0004 00033 00038
00040 0004 00030 00037
00040 0003 00024 00031
00030 0003 00026 00029

0 0007 0 00045 0 00058
0 0004 0 00026 0 00033
00004 000018 000029
00003 000015 000023
0 0006 0 00067 0 00064
0 0007 0 00065 0 00068

0 0008 0 0005 0 00044 0 00058
0 0003 0 0004 0 00028 0 00033
0 0004 0 0003 0 00027 0 00032
00005 00003 000027000036
0 0002 0 0003 0 00032 0 00027
00005 00004 000034000041
0 0008 0 00043 0 00062
0 0003 0 00029 0 00030
0 0004 0 00029 0 00035
0 0005 0 00027 0 00039
0 0003 0 00033 0 00032
0 0004 0 00036 0 00038



TABLE XIX PATTERNS OF CHANGE IN FRACTIONAL ORGAN MASS WITH AGE IN YEARS

Pattern of change with age Organ

a Maximum in newborn, and roughly
linear decrease until adult

b Maximum in newborn, and
some increase/decrease
until adult

c Maximum in newborn, and "exponential" decrease until adult

d Decrease in l-10y, and sharp increase to maximum > 15y

e Maximum in ly or 5y, and then decrease until adult

f Increase in ly, maximum in lOy, and then some
increase/decrease
Increase in ly, maximum in 5y, and then some increase/decrease

Brain
Liver (slight increase in adult in Japanese)
Kidney (slight increase in adult in Japanese)

Heart
Lung (some increase in adult)
Thyroid (slight increase in adult)

Thymus (shoulder at 5-10y)
Pituitary gland
Adrenal gland

Testis

Spleen

Pancreas (male)
Pancreas (female)

TABLE XX MALE ADULT FRACTIONAL ORGAN MASSES

Organ

Brain
Heart
Kidney
Liver
Lung
Pancreas
Pituitary
Spleen
Testis
Thymus
Thyroid
Adrenal

Estimated
IDN
0025
00048
00039
0022
0015

-
-

00021
000049

-
000031
000021

for other countries
PHI

0025
00060
00053
0026
0019

0 00230
-

00025
-
-

0 00039
0 00030

VIE
0026

000500
00057
0027
0013

0 00242
000001
00032
000072
000019
0 00069

-

Mean of CPR
IND and JPN

0026
00056
00049
0025
0018

00021
000001

0028
000068
000056
000041
0 00025

Tanaka Model
calculated

0025
00063
00053
0027
0020
00022

000001
00022
0 00060
000053
0 00032
000023

Reference Male
calculated

0020
00047
00044
0026
0014
00014
000001
00026
000050
000029
000029
000020

TABLE XXI FEMALE ADULT FRACTIONAL ORGAN MASSES

Organ

Brain
Heart
Kidney
Liver
Lung
Pancreas
Pituitary
Spleen
Thymus
Thyroid
Adrenal

Estimated
IDN

0025
00044
00039
0023
0015

-
-

00021
-

000036
000020

for other countries
PHI

0027
00059
00060
0028
0018

00021
-

00025
-

000061
0 0005 1

VIE
0027
00049
00059
0028
0013
00024

000001
00030
000059
0 00077

-

Mean of CPR,
1 IND and JPN

0026
00055
00053
0025
0017

00021
000001
00029
0 00054
0 00038
000027

Tanaka Model
calculated

0026
00064
00056
0027
0018
00023
000001
00025
000058
0 00034
0 00026

Reference Female
calculated

0021
00041
00047
0024
00138
00015
000001
00026

000034
000029
000024
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When organ mass data are not available in a particular Asian population, it would be very
useful to establish scaling algorithms so that the mass of an organ could be estimated from the
body mass using the fractional organ mass data. There are, however, limitations in the use of the
fractional masses of organs in attempting to use interpolation or extrapolation of organ masses,
specially for an individual adult. In fact, in the Japanese data, correlation between organ mass and
the body weight of individual subjects were shown not to be very high in the adult male and
female of 20-49 years [16].

Summary

Data for twelve organs for the male and fourteen for the female of six age brackets,
especially for 20-50 y, were obtained from one to seven participating countries. They may be
regarded as the most comprehensive data for internal dosimetry in the Asian region at this time.

The total means and standard deviations were calculated to show average organ masses
and their variations in the region studied in this CRP. The data were also compared with the ICRP
Reference Man data and the Japanese Tanaka Model for Reference Asian adult male and female.

The results showed fairly equivalent brain and testes weights for Asian and European
populations. Larger weights than those of the ICRP Reference Man were reported for organs such
as pancreas and thymus, as well as the thyroid in some countries.

Information on a few additional organs (adrenals, prostate, uterus and salivary glands)
were collected by one to four participants.
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2.3. PHYSIOLOGICAL PARAMETERS XA9846833

E.S. NATERA
Health Physics Research Group,

Philippine Nuclear Research Institute,
Diliman, Quezon City, Philippines

Introduction

The physiological characteristics of man depend on the intake, metabolism and excretion
of stable elements from food, water, and air. The physiological behavior of natural
radionuclides and radionuclides from nuclear weapons testing and from the utilization of
nuclear energy is believed to follow the pattern of stable elements. Hence information on the
normal physiological processes occurring in the human body plays an important role in the
assessment of the radiation dose received by man.

Two important physiological parameters needed for internal dose determination are the
pulmonary function and the water balance. In the Coordinated Research Programme on the
characterization of Asian population, five participants submitted data on these physiological
characteristics - China, India, Japan, Philippines and Viet Nam. During the CRP, data on other
pertinent characteristics such as physical and dietary were simultaneously being collected.
Hence, the information on the physiological characteristics alone, coming from the five
participants were not complete and are probably not sufficient to establish standard values for
the Reference Asian Man. Nonetheless, the data collected is a valuable contribution to this
research programme.

Pulmonary Function

The metabolic demands of the human tissues are dependent on the exchange of oxygen
coming from the air and the release of carbon dioxide from the human body. This is called
the respiratory physiology or simply exchange of gases. Several processes are involved in this
mechanism with the lungs playing an important role.

The estimation of the quantity of radiation seeking entry to the human body by
inhalation requires data on the pulmonary status of the individual. The uptake, retention and
the elimination rate of radionuclides can be calculated by using the respiratory physiology
data. Such information would include the lung volume and the respiratory capacity. Hence in
this study, components of pulmonary function that include vital capacity total lung capacity,
minute volume and the 8-hr working volume were presented in the final RCM of the CRP on
Reference Asian Man. By definition, the vital capacity is the maximum volume of oxygen that
can be expelled from the lungs by forceful effort after a maximal inspiration. The total lung
capacity is the amount of oxygen contained in the lungs at the end of a maximal inspiration.
The minute volume or respiratory volume is the amount of gas in the lungs after a respiratory
cycle (breathing per minute). The 8-hr working volume is the amount of oxygen contained in
the lungs within 8-hr working time.

The lung volumes were measured by the process of inhalation and exhalation using the
bell shaped instrument called the spirometer. Other lung volume studies were conducted using
the helium gas dilution method or the nitrogen washout method. Another instrument used for
the measurement of the lung volumes is the body box also called plethysmograph. This is a
large airtight box like a telephone booth in which the subject sits. The pressure inside the box
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can be measured accurately. The subject is asked to make respiratory effort against a closed
mouthpiece at a particular lung volume. As he compresses the gas in his lungs, the lung
volume decreases slightly. As a result, the volume of air in the box increases very slightly and
its pressure falls slightly. Boyle's law is then applied to the box gas. Knowing the change in
pressure, the change in the volume of the box gas and hence the lung can be determined.

The results of the studies conducted by the five Asian countries on the pulmonary
function tests are given in Table 1. Subjects taken for this study were non-smokers with
normal chest radiograph and with no symptoms of lung, heart and chest wall diseases. Most
of the subjects were hospital personnel and university students.

Other data presented were extracted from routine medical examination files of students
and from executive check-ups. Results presented during the final meeting were the total lung
capacity, vital capacity, and minute volume using the electronic spirometer, or the body box.
The data were classified according to age, gender and the three levels of activity namely
resting activity (RA), light activity (LA), and heavy activity (HA). Most of the data presented
on these levels of activity were conducted by simulated experiments or were calculated from
age specific basal metabolic rates and from the energy consumption or volume of energy
consumed per kilo calorie. Hence, the results presented for the light and heavy levels of
activity for the minute and 8-hr working lung volumes were approximate ventilatory
equivalent like the data submitted by Japan.

Results of simulated experiments conducted for the light and heavy levels of activity
were presented by the Philippines. The studies were done by performing a one minute exercise
with the Wright's spirometer in the subject's mouth and using a foot stool for climbing up and
down. The information gathered on this experiment was used for the values assigned for the
light activity of the subject. The values for the heavy activity were gathered from the same
experiments conducted but this time the exercise was extended for another minute. For the
data on the resting activity, the actual results of the pulmonary function conducted in the
sitting position were used. The pulmonary function results were calculated using standardized
predictive equations for each lung function.

Observed values presented in Table 1 for the pulmonary function tests for the
Reference Asian Man Studies showed lower results than the Caucasian data published in ICRP
Report 23 for both male and female data (1). However the limitations of these data include
variations in the procedures used in the experiments, the use of various kinds of testing
equipment, the time frame in which these data were collected and the contribution of racial
factors. In addition, countries like China and India did not submit data on the values for the
lung volumes assigned for light and heavy activities. With these limitations, this study presents
shows the first reference values on the pulmonary function status of an Asian that can initially
provide information for the radiation protection group of the International Commission on
Radiological Protection (ICRP).

Water Balance Studies

Water constitutes seventy-three percent (73%) of the lean body mass of a normal
individual (2). The total body water is divided into several compartments namely extracellular
and intracellular fluid (2). The body content of water is kept constant by the maintenance of
a balance between intake and output. Water intake is normally derived from materials entering
the body through the gastrointestinal tract, largely by drinking of fluid in response to the
sensation of thirst. Water is lost through the lungs, skin, urine and faeces.

The Water Balance Studies of the Reference Asian Man Project were done by measuring
the 24-hr liquid intake of healthy volunteer subjects and by again measuring the corresponding
elimination in the urine, sweat, breath and faeces. The observed values taken from the five
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TABLE I. RESULTS OF PULMONARY FUNCTION TESTS IN ADULTS

Country

China

India

Japan

Philippines

Viet Nam

N

2,620
504

192
70

25
25

357
284

Age

17-54

20-25

20-45

20-50

Sex

M
F

M
F

M
I-

M
F

M
F

Total
lung

capacity

576
435

490
370

567
405

500
421

443
328

Vital
capacity

408
295

330
220

423
290

350
270

363
273

Minute volume

RA

663
564

8 10
570

5 10
420

1486
1074

L A

1020
840

2260
2162

HA

8700
5250

4901
4264

8-hr working volume

RA

2448
2016

7133
5 155

LA

4896
4032

10848
10378

HA

41 762
520

2352
2046

TABLE II RESULTS OF WATER BALANCE STUDIES IN ADULTS

COUNTRY

China

India

Japan

Philippines

Viet Nam

N

98
20

9
6

40
116

6
6

AGI

20-50
20-50

18-21
19-22

20-45
20-45

20-39
20-39

SEX

M
h

M
h

M
F

M
F

M
I

INTAKE
Liter/Day

453
360

331
270

340
296

253
2 14

FXCRCTION
Liter/Day

440

330
270

1 31
1 27

248
209



Asian countries are summarized in Table 2. The values for liquid intake ranged from 2.14 to
4.53 liters per day. The excretion rates observed ranged from 1.27 to 4.40 liters per day.
Majority of the data on the excretion were taken from elimination via the urine. Some
measurements of elimination from the breath, faeces and sweat were also presented. Details
of these studies are presented in the respective country reports.
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2.4. DAILY DIETARY INTAKE XA9846834

H.S. DANG
Low Level Counting Laboratory,

Bhabha Atomic Research Centre Hospital,
Mumbai, India

Introduction

The knowledge of the daily dietary intake pattern of a population group living in a
region is important from the viewpoint of strengthening national and regional radiation
protection programmes. Information is required on different dietary components such as
principal nutrients (carbohydrates, proteins, energy), micro nutrients (including trace elemental
intake) and intakes of different items of diet such as, cereals, pulses, vegetables, flesh foods,
fruits, etc. These data are required in radiation protection in the event of an accidental or
planned release of radioactivity (nuclear waste disposal) during different nuclear operations
when ingestion as well as inhalation could become a source of radioactivity exposure. In such
circumstances, there is a need to identify the potential radioactivity carriers, in order to make
relevant decisions for controlling radioactive exposure to humans through food.

The dietary data on the intake of important trace elements such as Cs, I, H, Th, U, etc.
along with their tissue concentrations could provide valuable information on relevant metabolic
parameters such as the biological half-life (t,,^), gut absorption factor (f,) and tissue retention
factors (f2) which are important in internal dose assessment.

As part of study on "Reference Asian Man" to strengthen radiation protection, the data
on the dietary consumption patterns of the Asian region were collected. Eight provided dietary
data - Bangladesh, China, India, Indonesia, Japan, Pakistan, Philippines, and Viet Nam.
Whereas the dietary data from Bangladesh, Indonesia, Pakistan and Viet Nam are preliminary
in nature, the dietary information from China, India, Japan and Philippines, on the other hand,
is quite substantial. The population of the countries from which sufficient dietary data are
available represents more than 2/3 of the population of the Asian region. The details of the
individual data available on dietary parameters from different Asian countries are listed below.

Bangladesh

The daily dietary consumption of different kinds of food stuff such as cereals, pulses,
vegetables, fruits, flesh food and milk, etc. have been reported for different age groups of the
Bangladesh population. The age groups covered are 0, 1, 5, 10, 15y and adult. Among the
adult population, two different age groups, 20-50y and above 50y, are included in the study.
Until 10 years of age, only the combined population has been considered, whereas for 15y and
adult age groups, both male and female populations are included in the dietary study. The
daily dietary elemental intake is also estimated for different age groups through the
determination of the concentration of trace elements in 10 different food items of daily
consumption.

The daily dietary consumption of individual food items such as cereals, pulses
(legumes), potatoes (starch), sugars, fat and oil, fruits, flesh foods, milk and water for different
age groups are presented in the country report. As to be expected, for the newborns, the only
intake is about 400 ml of milk and 15 g of sugar. Milk consumption declines steadily with
increasing age, whereas the consumption of cereals, pulses, vegetables and flesh foods
increases with increasing age. Except for the newborns, the main source of energy (Calories)
for the Bangladesh population is the cereals diet.
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The daily intake of seven elements (K, Ca, Mn, Fe, Cu, Zn and Sr) is estimated through
the determination of their concentrations in different food items including cereal, pulses,
vegetables, milk, flesh food, etc. The highest concentrations for most of the elements is in
pulses and the minimum is in drinking water. The daily intake of all 7 elements shows a
steady increase with age. The intake by the female population is consistently lower in all three
age groups for which data are available.

China

A substantial amount of data are reported from China on different dietary parameters
including: (1) the daily dietary consumption of different kinds of food stuff by Chinese
population groups from different regions and belonging to different age groups; (2) intake of
principal nutrients such as carbohydrate, protein, fat, alcohol, etc. along with the energy
provided by these sources; (3) daily elemental intake by the adult Chinese population; (4) data
on the daily dietary intake of 17 radionuclides. A comparison of the daily intake of important
dietary components in two different periods (1982 and 1990) is also reported for Chinese
population. Most of the reported data are for adults, however, some data from 1982 on the
consumption of different foods are also reported for three groups of younger Chinese
population.

A notable feature of the daily consumption of different food stuffs is the substantial
consumption of vegetables and fruits and extremely low consumption of milk by the Chinese
adults. It is clear that, in place of the consumption of potatoes as the starch source, the
Chinese consume large quantities of yams. As compared to the consumption of flesh foods
by other Asian countries like India, Bangladesh and Pakistan, the consumption of flesh foods
by the Chinese population is much higher. The main source of energy for the Chinese is also
the cereal diet. Along with rice the Chinese population consumes an equal amount of wheat.

The daily dietary intake of major (C, H, O, N, S) and other elements has been reported.
A comparison of the dietary intake of 30 elements as estimated in various surveys conducted
during the years 1982, 1985, 1986 and 1990 is also presented. When the dietary elemental
intake by the Chinese (1990 survey) population is compared with the ICRP data, a significant
difference in the intake of most of the elements is observed.

The intake of 17 radionuclides by Chinese adults and the percentage contribution of
different food items and water to the intake of these radionuclides by the Chinese population
is also presented.

In summary, cereals and vegetables were the main food and sources of energy for the
Chinese. The daily intake of radionuclides is reported only for the Chinese population among
the Asian countries.

India

The daily intake of principal nutrients for the rural and urban Indian population and
weighted mean national consumption values have been determined. The data are reported in
consumption unit (CU), which is the coefficient for computing the calorie requirement for
different groups of population indulging in sedentary, moderate or heavy work. CU value for
sedentary male workers is taken as 1.0 and that for moderate and heavy workers is 1.2 and
1.6, respectively.

The daily intakes of various food components such as cereals, pulses, vegetables, fruits,
flesh foods and milk, etc. are reported for rural and populations urban as well as the national
average consumption.
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The per capita protein and energy intake for the age groups 1, 2, 5 and 12 y are reported
for the combined (male and female) population groups whereas for the population in 13-16y,
16-18 y and adult age groups, the data are reported for both male and female subjects. The
average consumption of various food items by the Indian population in the age groups 1, 2,
5, 12 and 15 y shows that the consumption of various food items increases with age. The
energy supply received by the Indian population in different age groups from different food
items indicates that the major supply of energy (85-92%) is received from the consumption
of cereals, pulses and milk.

The average intake of 14 minor and trace elements by the Indian population in the age
groups 2, 5, 12, 15 and adult was estimated by the elemental analysis of the individual food
items using the technique of neutron activation analysis (NAA) and atomic absorption
spectrophotometry (AAS). The elemental concentrations of the individual food items along
with the average quantity of food items consumed by the different age groups of the
population were used to arrive at the daily elemental intake. The elemental intakes increase
with age. However, intakes at 15 y are quite similar to intakes by the adult population.

The intakes of a few more elements were also determined through the analysis of the
duplicate diet. The intakes of these elements, namely, Th, U and I, were obtained only for the
adult population.

Indonesia

From Indonesia, very limited data, based on an equally smaller size survey, has been
reported on the dietary intakes of the Indonesian population for the age groups 1-3, 4-6, 7-9,
10-12, 20-39, 40-59 y and >60 y. It is clear that the consumption patterns are quite different
in the three regions reported in the study. The elemental concentrations for eight elements in
the common food stuffs consumed in Indonesia are also presented. Since the data available
from Indonesia is limited and based on a smaller survey size, it could well be termed as
preliminary in nature and could be only of information value.

Japan

The daily dietary intake of principal nutrients such as energy, protein, fat and the micro
nutrients (trace elements) along with the daily consumption pattern of different food items is
reported from Japan. The daily dietary intake of 15 minor and trace elements is also reported
for the adult Japanese population. The average intake of different food items consumed by the
Japanese population, on a per capita basis between the years 1975 and 1985, is presented. It
is interesting to note that the average consumption of fruits and vegetables is quite high and
so is the case with the consumption of flesh foods.

The daily average intakes of some of the principal nutrients per capita for the 12y period
between 1973 to 1984 are reported for carbohydrate, protein (both animal and total), fat and
oil, energy and a few vitamins and mineral elements. The breakdown of the contributions of
different food items to the total energy supply to the Japanese population shows that about
50% of the total energy is derived from cereals and a significant amount of energy is also
contributed by the flesh foods and sugar.

The intake of 15 elements for the adult Japanese population has been measured. The
highest daily dietary intake is of sodium (Na), an essential element for humans and the lowest
for yttrium (Y), which is non-essential and therefore non-consequential to the human system.
A comparison between the Japanese and ICRP data clearly shows the elemental intake for
Japanese is in general lower than that for ICRP Reference Man.
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Detailed information is available on most of the dietary aspects of the Japanese
population, including the daily intake of food items, the intake of principal nutrients, the main
sources of energy available from diet and also the average elemental intakes.

Pakistan

Data are reported from the Pakistan population on the different kinds of food items
consumed daily by the Pakistan population and the percentage of calories provided by the
consumption of each of these food items. The average daily intake of the different food items
by the rural and urban national average along with the typical food intake in two cosmopolitan
big cities of Pakistan are also reported. The calories provided by the consumption of
individual food items in different regions of Pakistan are reported along with the other data.

99% of the adult population consumes cereals whereas only 61% of the children in 2-5y
age group consume cereals. Only about 40% of the population in different age groups
consumes milk. Similar data on consumption of pulses, meats, eggs, fish, oil, vegetables, etc.
are presented.

The average regional consumption of different food items by the adult Pakistani
population has been measured. The 150 g of the daily consumption of tea seems to be high.
The consumption of cereals by the inhabitants of the bigger cities is much lower than that of
the rural population. The maximum calories to the daily energy intake are provided by cereals
followed by those through oil, sugar and milk.

The calorie intake in Pakistan by the male, female and other age groups of the Pakistan
population indicates that the actual intake is marginally lower than the recommended values,
with the exception of adult females and l-2y age group, where the calorie intake is
commensurate with the requirements.

Philippines

The dietary data based on a small but systematic survey is reported on the Filipino
population from Philippines. The results are reported for the daily dietary intake of food items
and the daily elemental intake for both the male and female populations of Philippines. Daily
dietary intakes of food items such as cereals, pulses, nuts, potatoes, fat and oil, fruits, etc. are
reported both for the male and female population. A noteworthy feature of the report is a very
low daily energy consumption of 1614 Kcal by the Filipino population.

The daily dietary intake of 10 elements by the adult male and female Filipino population
has been measured. The average elemental intake of the female population is in general lower
than that for the male population. An interesting feature of the data is the very low
consumption of Cu and I by the Filipino population.

Viet Nam

The daily intake of different food items by the adult Viet Namese population living in
different regions of urban and rural areas of Viet Nam, along with the country averages, are
reported from Viet Nam. The average contribution of energy provided by different food items
to the daily calorie intake are also reported.

The average food consumption data for presented Viet Nam (1990-1991) includes the
intake of rice, potatoes, sugar, oils, vegetables, fruits, flesh foods, etc. The consumption of oil
seeds by the Viet Namese is quite low. The staple food of the population is rice.

Measurement of the average daily intake of principal nutrients such as energy, protein,
fat, carbohydrate, minerals along with the percentage contributed by the individual food

64



material to the daily energy intake shows that the main contribution of energy, as usual, comes
from glucids (carbohydrates), followed by that from protein.

GENERAL DIETARY INTAKE PATTERNS

Intake of principal nutrients

The principal nutrients include carbohydrates, protein, fat and total energy. The intake
pattern of principal nutrients reported from China, India, Japan, Philippines and Viet Nam is
summarized in Table 1. The intake of carbohydrates ranges between 320-405 g, whereas that
by protein is in the range of 54.5-87 g.d"1. There is large variation in the intakes of fat, being
lowest at 15.8 g for Viet Nam and highest for Japan 56.2 g. The variation is by a factor of
about 3.5. The energy intake varies from 1614 to 2739 kcal, whereas that of Ca and Fe is 400-
582 mg and 9.8-22.7 g, respectively. In comparison to the ICRP data, the intake of
carbohydrates and iron is comparable, whereas the intake of the other principal nutrients in
the reporting Asian countries is lower. The comparison shown is for the male population only.
The comparison for the female population groups with ICRP data shows similar patterns as
in the case of the male population.

Intake of dietary food items

The data on intake of daily dietary food items such as cereals, pulses, milk, oils, fruits,
vegetables, etc. are available from Bangladesh, India, China, Japan, Philippines, Pakistan and
Viet Nam. For a few of these countries, the data are available for adult as well as younger
groups of the population, whereas in other countries, the data are available only for the adult
population. A comparison is shown in Table 2.

The comparison of the dietary patterns of the different Asian countries clearly shows
that in spite of the close geographical proximity of the Asian countries, there are significant
differences in the dietary patterns of the Asian population. Although the staple diet of the
Asian population is rice, the population of countries like India, China and Pakistan consume
significant amounts of wheat. There are very large variations in the consumption of flesh
foods (range 12-172 g), mile (0.4-161 ml) and fruits (20-164.9 g) in different Asian countries.
Again, in China, yam is consumed as an alternate to potatoes. The consumption of most of
the food items is lower in Asian countries when compared with the intake for USA diets
which are more representative of ICRP Reference Man. The consumption of milk is notably
lower among different population groups in Asia.

Daily elemental intake

India, China, Japan, Bangladesh, and Philippines have provided data on the daily dietary
intakes of a number of elements. A comparison of the estimates of dietary elemental intakes
of elements by the adult populations in Table 3 shows significant variations in the elemental
intakes by the population groups in different Asian countries. The variation at times is by a
factor of more than two.
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Os TABLE I. INTAKE OF PRINCIPAL NUTRIENTS BY ASIAN POPULATIONS

Country

Chinab

Indiab

Japan6

Philippines'"

Viet Namc

Range

ICRP

Daily dietary intake

Carbohydrate
(g)

366.

405.

320.

-

376.

320. - 405.

390.

Protein
(g)

64.0

54.5

87.0

-

59.7

54.5 - 87.7

95.

Fat
(g)

51.2

29.0

56.2

-

15.8

15.8- 56.2

120.

Energy8

(KCal)

2203.

2040.

2739.

1614.

1932.

1614. - 2739.

3000.

Ca
(g)

0.58

0.40

0.55

0.50

0.55

0.40 - 0.58

1.1

Fe
(mg)

22.7

19.0

11.3

11.6

9.8

9.8 - 22.7

16.0

a. Indirectly determined based on assumed calorie content of food item intake

b. Daily intake values - per adult

c. Daily intake values - per Caput



TABLE II DAILY DIETARY INTAKE OF SELECTED FOOD ITEMS

Food
Item
(g)

Cereal

Pulses

Flesh

Eggs

Bangladesh

520

120

54

5

China

461

395

72

11

India

469

35

12

-

Indonesia

171

114

115

46

Japan

322

69

161

41

Pakistan

502

43

39

7

Philippines

391

91

172

31

Viet Nam

462

-

85

2

Range

50 2 - 520

35 - 114

12 - 172

2 -46

ICRP

207

-

228

47

Vegetables

Total

Green

Other

Fruits

Milk

Oil/Fat

Sugars

Basis for daily
intake values

Sampling
basis for
values

150

-

-

20

20

6

10

Per adult

National
Diet sampling

324

-

-

101

11

31

3

Per adult

National
Food

basket

65

20

-

20

100

15

29

Per adult

National
Food

basket

75

-

-

156

147

29

36

Unspecified

Unspecified

260

59

-

165

114

18

13

Per Caput

National
Diet

sampling

91

10

-

8

161

33

39

Unspecified

Unspecified

143

59

105

113

9

22

64

Unspecified

Unspecified

183

-

-

26

-

25

1

Per Caput

National
Food basket

65 - 324

-

-

2 6 - 1 6 5

9 - 147

6 -33

1 - 64

202

-

-

184

508

49
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TABLE II I . DAILY DIETARY ELEMENTAL INTAKE OF ASIAN POPULATIONS

Country

Bangladesh"

China'

India-

Japan'

Philippines'1

Range

ICRP

Daily Elemental Intake

K
(g)

1.46

1.12

1.80

2.00

0.82

0.82 - 2.20

3.3

Na
(g)

-

3.75

5.90

4.70

1.57

1.57- 5.90

4.4

Ca
(g)

0.45

0.58

0.40

0.58

0.50

0.40 - 0.58

1.1

Mg
(g)

-

0.28

0.50

0.21

0.31

0.21 - 0.50

0.34

Fe
(nig)

12.5

22.7

19.0

12.0

11.6

11.6-22.7

16.0

Zn
(mg)

13.7

9.8

10.3

7.7

10.9

7.7 - 13.7

13.0

Cu
(mg)

2.2

4.8

2.2

1.3

0.6

0.6 - 4.8

3.5

Mn
(mg)

8.6

5.9

5.1

4.0

3.7

3.7 - 8.6

3.7

Cr
(mg)

-

0.48

0.13

0.18

-

0.13 -0.48

0.15

Sr
(mg)

1.3

1.5

-

2.3

-

1.3-2.3

1.9

a. Daily intake values - per adult

b. Daily intake values - method unspecified

c. Daily intake values - per Caput



SUMMARY AND CONCLUSIONS

1. The dietary intake of principal nutrients such as carbohydrates, fat, protein, energy,
along with the data on the daily intakes of different food items and the elemental intake,
is available from Bangladesh, China, India, Indonesia, Japan, Philippines, Pakistan and
Viet Nam.

2. Substantial dietary data are reported from China, Japan, India and Philippines. The
limited data available from Bangladesh, Pakistan, Indonesia and Viet Nam provide
useful information on the possible variations in the dietary intakes of food items among
the Asian population belonging to different countries.

3. The dietary intake pattern of different Asian countries is quite different in certain
respects in spite of the close geographical proximity of these countries. A typical
example is of very low milk intake in China, Philippines and Viet Nam. On the other
hand, the daily intake of flesh foods by the Indian population is very small.

4. The daily elemental intake by the population is different countries varies by a factor of
more than two. In general, the elemental intake of the Asian population is lower than
ICRP data. But for a few elements such as Fe, Sr, etc. the intake is comparable to the
ICRP elemental intake data.
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3. THE TANAKA MODEL' XA9846835

Reference Asian Man
Male and female

Ages: newborn, 1 year, 5 years, 10 years, 15 years and adult

G. TANAKA
Asian Center for Reference Man Studies,

Isozaki, Nakaminato Ibaraki, Japan

Introduction

The data presented here includes male and female models for Asian populations in the
age groups: Newborn, 1 year, 5 years, 10 years, 15 years and adult. The model for adult male
was presented at the 3rd Research Coordination Meeting held in Tianjin, October 1993. At
that time, the CRP participants requested Dr. Tanaka to continue development of a female
model. The adult female model was developed together with models for five younger age
groups. It is intended to provide useful data for radiation protection, and has been submitted
to ICRP for use in developing revised models for internal dosimetry.

The model is based on normal organ masses as well as physical measurements obtained
primarily from Chinese, Indian and Japanese populations. These are believed to be the most
extensive data sets available. The data presented here also takes into account the variations
found in the data reported by other CRP participants (1-5). It should be stressed that the
model is, at the same time, based on the approach used by the ICRP Reference Man Task
Group in development of their Reference Man.

As noted above, the adult male model was presented at the RCM Meeting in Tianjin
and approved by the participants as "Tanaka Model" that would be convenient for use in
internal dosimetry studies for subjects from Asian populations (6). It is also the essential part
of a publication which is a revised edition of the previous work (7).

Contents

Table I. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (3 months or 0 year).

Table II. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (1 year).

Table III. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (5 years).

Table IV. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (10 years).

Table V. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (15 years).

Table VI. Physical properties, blood content and contents of other constituents of organs and
tissues of Reference Asian Man, male (RAMM) and female (RAMF), (adult or 20-50 years).

2 First presented at the Project Formulation Meeting for the 1AEA-RCA Reference Asian Man CRP (Phase2): Ingestion and
Organ Composition of Trace Elements of Importance in Radiological Protection, Hitachinaka City, 27 February - 4 March,
1995.
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Table I Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Asian Reference Man male(RAMM) and female(RAMF):0 year (3 months) [NIRS-M-85,95,115]

1
Organ, tissue, or component

Al Total body
1 a Total soft tissue
Ib Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
11 Plasma
12 Erythrocytes
13 Bloodvessels*
14 Contents (except aorta and pulmo

A15 Body fat
16 Essential
17 Nonessential

A18 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
3 1 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

6000 6000
5400 5400
600 600
560 560
320 320
200 200

40 40

43 4
13 13
24 24

680 680
380 380
300 300
26 26

320 320
600 600
80 80

520 520
4300 4300
1800 1800
2500 2500

130 130
410 410
170 170
180 180
60 60

180 180
660 480
650 470
570 390

70 70
10 10
12 12
16 16

67 39
0 18 Oil

3
Total blood

(ml)
RAMM RAMF

640 640

15 15
79 79
63 63

03 03
*

23 23
640 640

*
300 300

f

11 11
13 13

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
5322 5321 6
5400 5400
600 600
544 544
312* 312
193 * 193
40 40

40 * 37
13 * 13

*

26* 26
*

600 600
80 80

520 520
4300 4300
1800 1800
2500 2500

130 130
410 410
170 170
180 180
60 60

180 * 180
648 * 468
637 457
570 390

70 70
10 10
12 12
16* 16

67 * 39
0 18 Oil

5
Water

(g)
RAMM RAMF

4300 4300
3600 3600

140 150
80 80
52 52
13 13

3 1 29
91 91
20 20

550 550
350 350
200 200

20 20
260 260

4300 4300
1800 1800
2500 2500

100 100
260 260
110 110
110 110
39 39

120 120
510 380
500 370
440 300

57 57
77 77
96 96
16 16

0068 0041

6
Mineral

(g)
RAMM RAMF

200 200
37 37

19 15
11 068
07 07

016 01

d d
019 019
0 24 0 24
65 66
35 36

3 3
016 016

3 1 3 1

53 53
17 17

69 69
75 75
26 26
83 83
97 7 1
96 69
83 57
1 1 1 1

0 15 015
016 016
0 1 0 1

0 0004 0 0002

7
1 ipid

(g)
RAMM RAMI-

600 600
1000 1000

360 360
210 210
130 130
24 24

05 05
016 016
013 013
4 5 4 8
2 5 2 8

2 2

2 1 2 2
600 600

80 80
520 520

16 16
4 1 4 1
17 17
18 18
06 06
2 3 2 3
71 51
70 50
62 43
62 62
1 1 1 1
1 2 1 2

*
*

0002 00012

8
Protein

(g)
RAMM RAMF

700 700
810 810

49 47
27 17
18 27
4 25

04 03
3 5 3 5
4 4 4 4
120 120
25 25
98 98
6 1 6 1
58 58

20 20
150 150
64 64
68 68
21 21
69 69
51 38
50 37
44 30
58 58
08 08

1 1
0 0044 0 0044

*

0035 0021

9
Specific
gravity

RAMM RAMF
1 08 1 08

0 94 0 94
0 99 0 99
0 94 0 94
0 94 0 94

1 04 1 04

1 08 1 08
1 08 1 08
1 05 1 05
1 1 1 1 1 1

I 08 1 08
0 94 0 94
0 94 0 94
0 94 0 94
1 02 1 02
1 02 1 02
1 02 1 02
1 12 1 12
1 22 1 22
1 22 1 22
1 22 1 22
1 22 1 22
1 22 I 22

1 05 1 05

I 06 1 06
1 05 1 05
1 03 1 03
1 05 1 05
1 12 1 12



Table I (Cont.)

1
Organ, tissue, or component

36 Gall bladder*
37 Contents (bile)*
38 GI tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 Ileum
SO Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

A62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

A66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

1 1
7 7

160 160
140 140

7 7
23 23
40 40

130 130
100 100
83 83
50 50
8 8

37 37
38 38
47 47
50 50
26 26
30 30
11 11
15 15
21 21
20 20
11 11
7 7
3 3

02 02
37 33
57 57
42 37
4 4

240 220
140 140

60 60

80 80
4 4

3
Total blood

(ml)
RAMM RAMF

*
*
*

0 72 0 72

?

88 88
54 54
62 62*
26 26
79 79

1 1 I I

75 75

4
Organs without
Free Blood (g)

RAMM RAMF
1 * 1
7 * 7

160 * 160
140 * 140

7 7
22 22
40 40

130 130
100 100
83 83
50 50
8 8

37 37
38 38
47 47
50 50
26 26
30 30
11 11
15 15
21 21
20 20
11 11
7 7
3 3

02 02
28 24

35 30
4 4

212 * 192
56* 56

48 48

4 4

5
Water

(g)
RAMM RAMF

0 99 0 99
67 67
120 120
130 130
53 53
16 16

100 100

65 65

62 62
29 29
30 30
37 37

21 21

87 87
12 12
17 17

87 87
56 56
2 4 2 4

0017 0017
22 19
46 46
28 25
2 7 2 7
160 150
110 110

46 46

64 64

6
Mineral

(g)
RAMM RAMF

0 0075 0 0075
0 07 0 07

1 3 1 3
*

0 063 0 063
018 018

1 1

0 65 0 65

0 064 0 064
0 28 0 28
03 03

038 038

021 021

0 088 0 088
012 012
0 17 017

0 088 0 088
0 056 0 056
0 024 0 024
0001 0001

01 01
0 57 0 57
0 1 0 1

012 012
1 1 1
14 14

0 66 0 66

0 77 0 78

7
Lipid

(g)
RAMM RAMF

*

013 013
95 95

*

1 4 1 4

8 1 8 1

52 52

05 05
23 23
2 4 2 4

3 3

16 16

0 69 0 69
0 93 0 93

1 4 1 4

0 74 0 74
043 043
0 18 0 18

0 0048 0 0048
35 34

036 036
4 3 4 3*
26 26
13 13

0 74 0 74

0 53 0 56

8
Protein

(g)
RAMM RAMF

9

0034 0034
20 20

*

3 1 3 1

17 17

11 11

1 1
47 47
49 49
52 52

35 35

1 5 1 5
2 2

18 18

047 047
091 091
039 039
0 18 018
26 1 9
10 10

3 2 2 5*
19 15
26 26

11 11

15 15

9
Specific
gravity

RAMM RAMF

1 05 1 05
1 06 1 06

1 06 1 06
1 07 1 07

1 06 1 06

1 06 1 06

107 07
106 06
106 06
106 06

1 06 06

1 06 06
106 06
1 06 06

1 06 06
1 06 06
106 06
1 32 32
105 05
108 08
107 07
1 10 10

1 07 1 07
deflated

0 26 0 26
inflated

1 02 1 02
1 08 1 08



Table I (Cont.)

1
Organ, tissue, or component

71 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Fluid (synovial, pleura), etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal*

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone

90 Cortical
91 Frabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Dermis

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 Teeth (32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)*

2
Weight in situ

(g)
RAMM RAMF

190 190
85 85
31 31

330 510
30 60

300 450
2000 2000
043 043

11 98
0 05 0 05
0 08 0 05
019 021

1 *
*

13 13
8 8
3 3
2 2

600 600
300 300
240 240
60 60

110 110

110 110
80 80

320 320
20 20

300 300
320 320
20 18
20 12
4 3

16 9
02 02
2 2 *

3
Total blood

(ml)
RAMM RAMF

0 42 0 42
*

34 34
*

1 3 1 3
*

4

0 02 0 02
*
*

0 89 0 89
0 68 0 68
0 26 0 26
013 013

20 20
11 11

5 5

67 67

96 96
+

0 2 *

4
Organs without
Free Blood (g)

RAMM RAMF
190 190
85 85

306* 306
330* 510
30 60

300 450
1964 1964
0 43 0 43
96 84

0 05 0 05
0 08 0 05
017 019

1

12 12
73 73
27 27
19 19

579 * 579
288 288
240 240
60 60

105 105

110 110
80 80

313 * 313
20 20

300 300
320 320

10 * 8
20 * 12
4 3

16 9
0 2 0 2

2 *

5
Water

(g)
RAMM RAMF

*
130 160

22 22
1600 1600

0 029 0 029
77 68*

V

013 015
0 7 2 *

*

9 1 9 1

240 220
55 55

44 44

100 100
64 64

210 210

8 7 1
071 047

0028 0021
0 54 031
014 014

1 6 *

6
Mineral

(g)
RAMM RAMF

*

*

24 24*
0 1 0 1*

*
0 0033 0 0037
0015**

*

220 210
160 160

065 065

53 53
4 1 4 1
24 24

0 1 0 1
4 5 2 7

0 96 0 72
35 2

0 02 0 02
0028*

7
Lipid

(g)
RAMM RAMF

*
*

37 37
*

1 2 1 1*
*

0 02 0 02
0 0 1 2 *

*
*

130 120
3 3

44 44

16 16
13 13
27 27

1 2 1 2
*

0 002 0 002
0 2 *

8
Protein

(g)
RAMM RAMF

*
*

340 340*
09 07

*

*

001 001
0 1 3 *

*
*

150 140
82 82

22 22

20 20
16 16
98 98

1 07
015 0 14

0012 0009
0022 0012

0 12 0 12
0 2 *

9
Specific
gravity

RAMM RAMF

1 06 1 06
1 32 1 32
1 07 1 07
1 07 1 07
1 09 1 09

1 07 1 07

1 07 1 07
1 07 1 07
1 07 1 07
1 07 1 07
1 43 1 43
2 24 2 24
m 1 88
1 10 1 10
1 05 1 05

1 12 1 12
1 12 1 12
1 12 1 12
1 17 1 17
1 14 1 14
0 99 0 99
1 08 1 08
2 14 2 14

d d
d d
d d

1 06 1 06



Table I (Cont.)

1
Organ, tissue, or component

A106 Thymus*
A107 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
111 Ureters (2)*
112 Urethra*
1 1 3 Urinary bladder*
114 Contents (urine)*

A115 Breast*
"116 Ovary*
A117 Penis*
A118 Uterus*

119 Uterine tube*
120 Vagina*

1 otal body
Total of asterisked quantities
(Asterisked quantities make up the tola
RAMM Reference Asian Man, Male R

2
Weight in situ

(g)
RAMM RAMF

25 26
18 18
30 18

*

1 1
2 2
1 1
5 5

14 14
13 13

9

2 8 *
*
*
*

6000 6000
6000 6000

3
Total blood

(ml)
RAMM RAMF

55 55
0 2 0 2

*
*
*
*
*
*
*
*
f

1 *
*
*
t

640 490
610 650

4
Organs without
Free Blood (g)

RAMM RAMF
19 * 20
16 * 16
30* 18

*

1 * 1
2 * 2
1 * 1
5 * 5

14 * 14
13 * 13

*

1 *
*
*
*

5300 5500
5400 5300

5
Water

(g)
RAMM RAMF

15 16
12 12
67 4

*
0 56 0 56

14 14
0 76 0 76
39 39
14 14

08 08
*

4 7 *
*
*
*

4300 4300
4000 3800

6
Mineral

(8)
RAMM RAMF

0 1 0 1
*

01 0 063
*

0016 0016
*
t

0 048 0 048
016 016
001 001

*

0064*
*
*
*

200 200
280 260

7
Lipid

(g)
RAMM RAMF

23 26
02 02
16 096

*
*
*
*
*
*

015 015

0038*
*
*
*

600 600
660 630

8
Protein

(g)
RAMM RAMF

19 17
0 1 0 1
16 096

*
*
v
+
*

091 091
0 04 0 04

*

1 *
*
*
*

700 700
910 880

9
Specific
gravity

RAMM RAMF
1 05 1 05
1 07 1 07

1 10 1 10

1 04 1 04

1 06 1 06

ity ot Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka



o\ Table II. Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Reference Asian Man male(RAMM) and female(RAMF):1 year [NIRS-M-85,95,115]

1
Organ, tissue, or component

Al Total body
la Total soft tissue
1 b Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
11 Plasma
12 Erythrocytes
13 Blood vessels*
1 4 Contents (except aorta and pulmo

A15 Body fat
16 Essential
17 Nonessential

AI8 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
3 1 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

11000 11000
9700 9700
1300 1300
1400 1320
740 720
500 480
120 120

45 42
17 17
32 32

900 900
500 500
400 400

34 34
470 440

1300 1300
200 200

1100 1100
7100 6800
3100 2900
4000 3900

170 170
560 550
230 230
250 250
80 79

260 250
1100 1100
1100 1090
960 950
120 120
20 20
15 15
21 21
7 69

01 0 099

3
Total blood

(ml)
RAMM RAMF

830 750

20 20
11 10

86 82

03 03*
30 30

850 850

*

440 420

t

19 17
21 20

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
10120 10205
9700 9700
1300 1300
1379 1299
728 * 709
491 * 471
120 120

4 2 * 3 9
17* 17

+

34 * 34
*

1300 1300
200 200

1100 1100
7100 6800
3100 2900
4000 3900

170 170
560 550
230 230
250 250
80 79

260 * 250
1080 * 1082
1078 1069
960 950
120 120
20 20
15 15
21 * 21
7 * 69

01 0 099

5
Water

(g)
RAMM RAMF

7100 7100
6000 6000

200 200
110 110
70 67
19 19

32 29
12 12
26 26

720 720
460 460
260 260

26 26
380 350

7100 6800
3100 2900
4000 3900

130 130
350 350
140 140
160 160
52 51

160 160
860 850
850 840
740 730

98 97
15 15
I I 1 1
21 21

0 068 0 067

6
Mineral

(g)
RAMM RAMF

600 500
500 500

27 26
1 5 1 4

094 091
0 24 0 24

*
0 25 0 24
032 032

9 9
46 46
4 4 4 4

021 021
45 43

7 69
23 23
94 93
10 99

34 34
11 11
16 16
16 16
14 14

18 18
03 03

0 27 0 26
013 013

0 0004 0 0004

7
Lipid

(g)
RAMM RAMF

1100 1000
1800 1800

1100 1100
600 600
400 400
96 96

05 05
021 021
017 017

6 63
3 32
3 3 1

3 1 3 1
1300 1300
200 200

1100 1100

2 1 2 1
56 55
2 3 2 3
2 5 2 5
08 079

3 29
120 120
120 120
110 110

11 10
2 2 2 2

2 2
*
*

0 002 0 002

8
Protein

(g)
RAMM RAMF

2100 2200
1400 1400

68 66
38 37
24 23

6 6

04 04
4 5 4 5
58 58
160 160
33 33

130 130
79 79
85 80

26 26
210 210

86 85
94 93
28 28
89 86
87 86
85 84
74 73
99 98
16 16
1 7 1 7

0 0057 0 0057
*

0035 0035

9
Specific
gravity

RAMM RAMF
1 08 1 08

0 94 0 94
0 99 0 99
0 94 0 94
0 94 0 94

1 04 1 04

I 08 1 08
1 08 1 08
1 05 1 05
1 1 1 1 1 1

1 08 1 08
0 94 0 94
0 94 0 94
0 94 0 94

02 102
02 1 02
02 102
12 1 12
22 1 22
22 1 22
22 122
22 1 22
22 1 22

05 1 05

06 1 06
05 105
03 1 03

1 05 1 05
1 12 1 12



Table II (Cont.)

1
Organ, tissue, or component

36 Gallbladder'
37 Contents (bile)*
38 GI tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 lleum
SO Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

*62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

"66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

2 2
9 89

210 210
180 180

10 99
30 30
50 50

170 170
130 130
110 110
60 59
9 89

49 49
52 51
60 59
70 69
33 33
40 40
15 15
18 18
27 27
30 30
15 15
8 79
4 4

05 1
50 52
75 74
66 63

5 5
380 370
190 190

80 80

110 110
49 49

3
Total blood

(ml)
RAMM RAMF

V

*

*

*

0 94 0 93

v
12 12
71 70
98 95*
42 41

110 110

14 14

100 100

4
Organs without
Free Blood (g)

RAMM RAMF
2 * 2
9* 89

210* 210
180 * 180

10 99
29 29
50 50

170 170
130 130
110 110
60 59
9 89

49 49
52 51
60 59
70 69
33 33
40 40
15 15
18 18
27 27
30 30
15 15
8 79
4 4

0 5 * 1
37 * 39*
56 * 53
5 * 5

335 * 327
73 * 73

65 65

49 49

5
Water

(g)
RAMM RAMF

2 2
86 86
160 160
160 160
75 74
21 21

130 130

86 85

7 69
38 37
41 40
47 47

26 26

12 12
14 14
21 21

12 12
64 63
32 32

0 042 0 084
29 30
60 59
43 42
33 33

260 250
150 150

61 61

88 88

6
Mineral

(g)
RAMM RAMF

0015 0015
0 09 0 089

17 16
*

0 09 0 089
0 24 0 23

1 3 1 3

0 86 0 85

0072 0071
038 037
041 04
0 48 0 48

0 26 0 26

0 1 2 0 1 2
014 014
022 021

012 012
0 064 0 063
0032 0032

0 0026 0 0052
04 04

0 72 0 73
05 05

015 015
39 38
19 2

0 88 0 88

1 1 1 1

7
Lipid

(g)
RAMM RAMF

*

016 016
11 11

*

19 19

11 11

69 69

0 56 0 55
3 3

33 33
38 37

2 2

0 94 0 93
1 1 1 1
17 17

1 099
05 049

0 24 0 24
0012 0024

46 52
0 49 0 52
68 72

*
41 44
17 18

0 99 0 99

0 73 0 77

8
Protein

(g)
RAMM RAMF

*

0 043 0 043
29 29

*

4 1 4 1

21 20

14 14

12 12
62 61
67 66
66 65

4 4 4 4

2 1 2 1
2 3 2 3
2 2 2 1

0 64 0 63
1 099

052 051
0 44 0 88
42 39
14 13

5 5 4 7
*

33 28
34 34

14 14

20 20

9
Specific
gravity

RAMM RAMF

1 05 1 05
1 06 1 06

1 06 1 06
1 07 1 07

1 06 1 06

1 06 1 06

1 07 1 07
1 06 1 06
1 06 1 06
1 06 1 06

1 06 1 06

1 06 1 06
1 06 1 06
1 U6 1 06

1 06 1 06
1 06 1 06
1 06 1 06
1 32 1 32
1 05 1 05
1 08 1 08
1 07 1 07
1 10 1 10

1 07 1 07
deflated

0 26 0 26
inflated

1 02 1 02
1 08 1 08



-Joo
Table II. (Cont.)

1
Organ, tissue, or component

71 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Huid (synovial, pleural, etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal*

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone

90 Cortical
91 Irabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Dermis

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 leeth(32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)*

2
Weight in situ

(g)
RAMM RAMF

250 250
110 110
46 46

370 610
100 150
270 460

4300 3700
0 56 0 55

23 20
0 02 0 02
0 03 0 03
0 22 0 25

I *
*

16 16
9 9
5 5
2 2

1300 1300
850 840
670 660
180 180
190 190

170 170
130 130
450 440
20 20

430 420
740 720
36 33
83 81

2 2
6 59

03 02
2 6 *

3
Total blood

(ml)
RAMM RAMF

0 62 0 63
*

69 59*
2 7 2 3

*

*

0 02 0 03
*
*

I I 1 1
0 77 0 76
0 44 0 43
013 013

39 38
30 30

86 85

88 86

17 16
?

0 2 *

4
Organs without
Free Blood (g)

RAMM RAMF
250 250
110 110
45 * 45

370 * 610
100 150
270 460

4227 * 3637
*

20 * 18
0 02 * 0 02
0 03 * 0 03
0 20 * 0 22

1 *
*

1 4 8 * 148
82 82
4 5 4 5
19 19

1259 * 1260
818 808
670 660
1 80 1 80
181 181

170 170
130 130
441 * 431
20 20

430 420
740 720

18 * 16
8 3 * 81

2 2
6 59

03 02
24 *

5
Water

(g)
RAMM RAMF

*

*

3200 3200
0 037 0 037

15 13
t

015 017
0 9 *

*
11 11

440 440
150 150

76 75

130 130
84 83

280 280

15 13
0 85 0 79

0056 0055
0 65 0 65
014 0092

1 9*

6
Mineral

(g)
RAMM RAMF

*
*

48 41*
04 03*

*
0 0035 0 004

0031 *
*
*

460 460
450 450

1 1 1 1

7 69
54 53
3 2 3 1

02 02
62 61
19 19
4 2 4 2

002 0013
0029*

7
Lipid

(g)
RAMM RAMF

*

+

74 63
*

2 5 2 3
+

*

0 04 0 03
0023*

*
*

88 87
85 84

76 75

2 1 2 1
16 16
36 35

1 7 1 7
*

0002 00013
0 3 *

8
Protein

(g)
RAMM RAMF

*
*

690 690
*

2 1 1 6
+

t

0 02 0 02
026*

*
*

310 310
230 230

38 38

26 26
20 20

130 130

22 1 8
017 0 13

0 024 0 024
0 026 0 026

012 0079
0 2 *

9
Specific
gravity

RAMM RAMF

1 06 1 06
1 32 1 32
1 07 1 07
1 07 1 07
I 09 1 09

1 07 1 07

1 07 1 07
1 07 1 07
1 07 1 07
1 07 1 07
1 43 1 43
2 24 2 24
1 88 1 88
1 10 1 10
1 05 1 05

1 12 1 12
1 12 1 12
1 12 1 12
1 17 1 17
1 14 1 14
0 99 0 99
1 08 1 08
214 2 14

1 06 1 06



Table II (Cont.)

1
Organ, tissue, or component

A106 Thymus*
A107 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
111 Ureters (2)*
112 Urethra*
113 Urinary bladder*
114 Contents (urine)*

A115 Breast*
A116 Ovary*
A117 Penis*
A118 Uterus*

119 Uterine tube*
1 20 Vagina*

1 otal body
lotal of asterisked quantities
(Asterisked quantities make up the tota
RAMM Reference Asian Man, Male R

2
Weight in situ

(g)
RAMM RAMF

27 28
23 24
13 13

*
2 2
3 3

21 2
8 79

19 19
2 2

*

3*
*
*
*

11000 11000
11000 11000

3
Total blood

(ml)
RAMM RAMF

6 6 1
03 03*

*
*
*
*
*
*
*
*

1 *
*
*
*

830 750
910 850

4
Organs without
Free Blood (g)

RAMM RAMF
21 * 22
2 0 * 2 1
13 * 13

*
2 * 2
3 * 3

21 * 2
8 * 79

19* 19
2 * 2

*

2 *
*
*
*

10000 10000
10000 9600

5
Water

(g)
RAMM RAMF

16 16
16 16
87 86

*
I I 1 1
2 1 2
15 14
52 51
18 18
16 16

t

2*
*
*
*

7100 7100
6600 6500

6
Mineral

(g)
RAMM RAMF

0 1 0 1
0 028 0 03

0 14 0 13
*

0031 0031t
*

0 064 0 063
02 02

0 02 0 02
V

0096*
*
*
*

600 500
570 560

7
Lipid

(g)
RAMM RAMF

28 31
02 03
2 1 2 1

*
*
*
*
*
+

03 03
*

0057*
*
*
*

1100 1000
1400 1400

8
Protein

(g)
RAMM RAMF

2 1 8
02 02
2 1 2 1

*
+
*
*
*

1 2 1 1
0 08 0 079

*

1 *
*
*
*

2100 2200
1600 1600

9
Specific
gravity

RAMM RAMF
1 05 1 05
1 07 1 07

1 10 1 10

1 04 1 04

1 06

ity ol Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka



Table III. Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Reference Asian Man male(RAMM) and female(RAMF):5 years [NIRS-M-85,95,115]

I
Organ, tissue, or component

Al Total body
I a Total soft tissue
I b Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
1 1 Plasma
12 Erythrocytes
13 Bloodvessels*
14 Contents (except aorta and pulmo

A15 Body fat
16 Essential
17 Nonessential

A18 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
3 1 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

19000 19000
17000 17000
2200 2200
1900 1900
1100 1100
670 670
130 130

56 56
29 28
55 54

1500 1500
850 830
650 640

59 58
850 800

2000 2000
230 230

1800 1800
12000 12000
5000 4850
7000 6750
290 280
950 930
390 380
430 420
130 130
460 450

1400 1300
1400 1300
1220 1150

150 120
30 30
20 20
36 35
14 11

038 03

3
Total blood

(ml)
RAMM RAMF

1400 1400

160 100
80 50
50 33

04 04*
52 51

1400 1400

*

800 760

*

22 23
27 25

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
17516 17516
17000 17000
2200 2200
1730 1794
1015 * 1047
617 * 635
130 130

52 * 52
29 * 28

*

59 * 58
*

2000 2000
230 230

1800 1800
12000 12000
5000 4850
7000 6750
290 280
950 930
390 380
430 420
130 130
460 * 450

1377 * 1276
1372 1274
1220 1150

150 120
30 30
20 20
36 * 35
14 * 11

038 030

5
Water

(8)
RAMM RAMF

12000 12000
11000 11000

390 390
220 220
140 140
31 31

36 36
20 20
45 44

1200 1200
780 770
420 410
46 45

680 650

12000 12000
5000 4850
7000 6750

230 230
590 590
240 240
270 270
85 83

280 270
1100 1100
1100 1100
930 910
120 120
21 21
15 15
36 35

02 0 16

6
Mineral

(g)
RAMM RAMF

1300 1300
1100 1100

5 2 4 5
3 3

1 9 1 2
03 03

0 038 0 038
042 041
055 054

14 14
74 73
7 1 7

036 035
82 78

12 12
39 39
16 16
18 18

55 54
19 19
21 19
20 19
18 17

23 1 8
0 42 0 42
0 36 0 36
0 23 0 22

00012 000095

7
Lipid
(g)

RAMM RAMF
2000 2000
1800 1800

1400 1400
800 800
480 480
90 90

09 1
035 035
0 29 0 29

97 13
63 85
3 4 4 5

57 74
2000 2000

230 230
1800 1800

35 35
95 93
39 38
4 3 4 2
1 3 1 3
53 52
150 150
150 150
130 130

13 13
3 1 3 1
2 7 2 7

*

d
0 006 0 0047

8
Protein

(g)
RAMM RAMF

3300 3200
2900 2800

130 120
76 76
49 31
10 10

06 05
77 76
10 98

270 260
56 47

220 220
14 13

150 140

45 44
360 350
150 150
160 160
46 45

160 160
110 100
110 100
93 88
12 99

2 2 2 2
2 3 2 3

0 0098 0 0096
*

Oil 0 083

9
Specific
gravity

AM RAMF
1 08 1 08

0 94 0 94
0 99 0 99
0 94 0 94
0 94 0 94

1 04 1 04

1 08 1 08
1 08 1 08
1 05 1 05
1 1 1 1 1 1

1 08 1 08
0 94 0 94
0 94 0 94
0 94 0 94
-1 02 02

02 02
02 02
12 12
22 22
22 22
22 22
22 22
22 22

05 1 05

06 1 06
05 105
03 1 03
05 1 05
12 1 12



Table III (Cont.)

I
Organ, tissue, or component

36 Gallbladder*
37 Contents (bile)*
38 01 tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 lleum
50 Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

A62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

A66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

3 29
16 16

360 350
310 310

13 13
47 46
80 80

300 290
230 230
190 190
110 110

15 15
85 83
90 88

110 110
120 120
60 58
70 69
27 26
33 32
49 48
50 49
27 26
16 16
6 6
5 49

100 100
130 130
120 100

9 88
630 600
320 310

130 130

190 190
85 83

3
Total blood

(ml)
RAMM RAMF

»
*
*
*

2 2

d o
24 24

120 120
18 16
d d

70 67
200 170

22 22

180 180

4
Organs without
Free Blood (g)

RAMM RAMF
3 * 29

16* 16
360 * 350
310* 310

13 13
45 44
80 80

300 290
230 230
190 190
110 110

15 15
85 83
90 88

110 110
120 120
60 58
70 69
27 26
33 32
49 48
50 49
27 26
16 16
6 6
5 * 49

75 * 75
d * d

101 * 83
9 * 88

556 * 529
108 * 130

107 107

85 83

5
Water

(g)
RAMM RAMF

3 29
15 15

280 270
280 270
98 96
34 33

230 230

150 140

12 11
65 64
71 69
87 85

47 46

21 21
26 26
40 39

21 21
13 13

55 55
042 041

59 59
100 100
73 65
6 59

410 400
250 250

99 97

150 150

6
Mineral

(8)
RAMM RAMF

0 023 0 022
016 016
28 28

*

0 1 2 O i l
037 036

2 3 2 3

15 15

012 012
0 65 0 64
071 069
0 84 0 82

048 047

022 021
0 26 0 26
036 035

022 021
013 013

0016 0016
0 026 0 025

12 12
1 3 1 3
1 3 1 2

0 27 0 26
8 1 7 7
33 32

1 4 1 4

1 8 . 1 8

7
1 ipid
(g)

RAMM RAMF
*

0 29 0 28
22 21

*

29 29

19 18

12 12

093 091
5 2 5 1
58 57
67 65

37 37

1 7 1 7
2 2

29 29

18 18
0 99 0 97
012 012
0 12 012

83 91
085 1 2

12 12
d d

67 71
29 33

16 16

1 3 1 7

8
Protein

(g)
RAMM RAMF

*

0 077 0 075
42 41

*

64 63

36 35

24 24

2 1 9
11 11
12 11
11 11

8 78

3 7 3 6
4 3 4 2
35 34

1 1 1 1
2 1 2

0 26 0 25
4 4 4 3
97 89
24 23
14 11
d d

69 60
57 56

c

23 22

34 33

9
Specific
gravity

AM RAMF

1 05 1 05
1 06 1 06

1 06 1 06
1 07 1 07

1 06 1 06

1 06 1 06

1 07 1 07
1 06 1 06
1 06 1 06
1 06 1 06

1 06 1 06

1 06 1 06
1 06 1 06
1 06 1 06

1 06 1 06
1 06 1 06
1 06 1 06
1 32 1 32
1 05 1 05
1 08 1 08
1 07 1 07
1 10 1 10

d d
1 07 1 07

eflated
0 26 0 26

nflatcd
d d

1 02 1 02
1 08 1 08



oo
K) Table III (Cont)

1
Organ, tissue, or component

71 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Fluid (synovial, pleural, etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal*

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone

90 Cortical
91 Irabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Derm is

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 Teeth (32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)*

2
Weight in situ

(g)
RAMM RAMF

420 410
200 200

72 71
700 590
600 500
100 88

9300 9200
0 98 0 96

44 40
O i l 0 1 4
0 17 0 14
029 03

1 *
034*

27 26
16 16
8 78
3 29

2200 2200
1400 1400
1100 1100
300 290
310 300

290 280
240 240
780 770

33 32
750 740

1100 1100
59 58
43 34

9 6
33 27

1 1
3 1 *

3
I otal blood

(ml)
RAMM RAMF

1 1
*

120 120*
5 3 4 7

*

f

0 03 0 03
*
*

2 5 2 5
17 17
09 09

025 025
50 50
35 35
d d

15 15

18 18

29 28
f

0 2 *

4
Organs without
Free Blood (g)

RAMM RAMF
420 410
200 200

71 * 70
700 * 590
600 500
100 88

9173 * 9073
0 98 * 0 96

38 * 35
0 11 * 014
0 17 * 0 14
0 26 * 0 27

1 *
034*

24 * 23
14 14

70 68
27 26

2147 * 2147
1363 1363
1100 1100
300 290
294 284

290 280
240 240
761 * 751

33 32
750 740

1100 1100
28* 28
43 * 34
9 6

33 27
1 1

29 *

5
Water

(g)
RAMM RAMF

*
*

68 60
5100 5000

0 065 0 064
29 26

*

*

02 02
*

*

20 20

740 740
240 240
170 170
70 69

120 120

230 230
150 150
490 480

23 23
15 13

0 084 0 056
12 098

023 023
2 2 *

6
Mineral

(g)
RAMM RAMP

*
*

77 76
*

1 09*
*
»
+
*
*

780 770
760 750
610 600
150 150
18 18

12 12
99 97
55 54

05 05
11 83

29 19
78 64

0033 0033
0 1 *

7
I ipid
(g)

RAMM RAMF

*

*

120 120
*

5 49
*

*

0 04 0 04
*
*
+

140 140
12 12

92 9
3 29

120 120

35 35
3 29

62 61

19 2
*

0 0033 0 0033
0 3 *

8
Protein

(g)
RAMM RAMF

*
*

1100 1100
*

43 34
*

*

0 02 0 02
*
*
*

500 480
350 340
280 270
73 72
62 61

45 44
38 37

230 230

5 3 5 1
0 28 0 26

0 036 0 024
0 049 0 04

0 2 0 2
0 3 *

9
Specific
gravity

AM RAMF

1 06 1 06
1 32 1 32
1 07 1 07
1 07 1 07
1 09 1 09

1 07 1 07

1 07 1 07
1 07 1 07
1 07 1 07
1 07 1 07
1 43 1 43
2 24 2 24
1 88 1 88
1 10 10
105 05

1 12 12
1 12 12
1 12 12
1 17 17
1 14 14
0 99 0 99
1 08 1 08
2 14 2 14

1 06 1 06



Table III (Cont.)

1
Organ, tissue, or component

A106 Thymus*
A107 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
111 Ureters (2)*
112 Urethra*
113 Urinary bladder*
114 Contents (urine)*

A115 Breast*
A116 Ovary*
A117 Penis*
A118 Uterus*

1 19 Uterine tube*
120 Vagina*

Total body
Total ot asterisked quantities
(Asterisked quantities make up the tota
RAMM Reference Asian Man, Male R

2
Weight in situ

(g)
RAMM RAMF

35 31
45 46
64 50

1 098
32 29
51 49
33 29
13 13
33 32
3 3

0 5
4 *

59
084

2 1
19000 19000
20000 20000

3
Total blood

(ml)
RAMM RAMF

76 68
06 06*

*
*
v
*
*
*
*

2 *
*
*
*

1400 1400
1700 1500

4
Organs without
Free Blood (g)

RAMM RAMF
27 24
4 4

64 50
1 1
3 3
5 5
3 3

13 13
33 32

3 3
0 5

2
59

* 08
* 2 1

18000 18000
1 8000 1 8000

5
Water

(g)
RAMM RAMF

18 16
28 29
15 15

0 75 0 74
17 15
34 33
23 2
85 83
31 30
2 4 2 4

*

2 *
3

042
1 1

12000 12000
11000 11000

6
Mineral

(g)
RAMM RAMF

02 02
01 01

023 018
*

0 047 0 043

*
0 1 0 1

036 035
0 03 0 03

*

01 *
015

0021
0053

1300 1300
950 930

7
Lipid
(g)

RAMM RAMF
58 57
05 05
36 28

*
*
9

*

*

*

0 45 0 45
*

01 *
015

0021
0053

2000 2000
1900 1900

8
Protein

(g)
RAMM RAMF

29 2
05 05
36 28

*
*

*
*

2 2
012 012

t

1 8*
2 7

038
095

3300 3200
2700 2600

9
Specific
gravity

AM RAMF
1 05 1 05
1 07 1 07

1 10 1 10

1 04 1 04

106
1 06
1 06
1 06

ity of Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka

oo



Table IV. Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Reference Asian Man male(RAMM) and female(RAMF):10 years [NIRS-M-85,95,115]

1
Organ, tissue, or component

Al Total body
la Total soft tissue
1 b Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
11 Plasma
12 Erythrocytes
13 Blood vessels*
14 Contents (except aorta and pulmo

A15 Body fat
16 Essential
17 Nonessential

A18 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
3 1 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

30000 31000
25400 26600
4600 4400
4800 5100
2400 2700
1500 1800
300 200
600 400
81 81
48 49
90 93

2400 2500
1400 1400
1000 1100

96 100
1300 1300
4500 4700

570 480
3900 4200

19000 19000
8300 8430

11000 11000
480 360

1500 1100
620 470
680 520
200 150
750 770

1500 1300
1470 1320
1280 1130

160 160
25 25
30 30
59 60
15 11

04 03

3
Total blood

(ml)
RAMM RAMF

2400 2500

89 91
45 46
35 37

6 62
06 06

85 88
2300 2400

*

1200 1300

*

22 23
26 25

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
27456 28350
25000 27000
4600 4400
4706 5003
2352 * 2651
1463 * 1761
300 200
594 393
75 * 75
48 * 49

*

96 * 100
*

4500 4700
570 480

3900 4200
19000 19000
8300 8430

11000 11000
480 360

1500 1100
620 470
680 520
200 150
750 * 770

1477 * 1276
1442 1293
1280 1130

160 160
25 25
30 30
59 * 60
15 * 11

04 03

5
Water

(g)
RAMM RAMF

19000 19000
16000 17000

1300 1300
650 700
400 420

70 50
140 100

5 5
35 36
75 78

1900 2000
1300 1300
660 720

75 78
1000 1100

19000 19000
8300 8430

11000 11000
380 280
920 640
380 250
400 290
140 100
470 490

1200 920
1100 900
970 720
150 150
22 22
24 24
65 66

02 02

6
Mineral

(g)
RAMM RAMF

2200 2200
1900 1900

16 17
85 88
54 56
13 14
1 2 1

0 063 0 063
08 082

1 1
23 24
13 14
10 10

059 061
12 13

26 20
79 60
33 25
35 27
11 83
41 42
29 30
29 30
25 26
32 33
05 05
05 05
05 051

00012 00012

7
Lipid
(g)

RAMM RAMF
4500 4700
3800 4000

3300 3600
1600 1900
1100 1300
200 130
450 300
15 17

059 06
0 48 0 49

16 23
10 15

52 77

87 12
4500 4700

570 480
3900 4200

59 44
15 11

62 47
68 52

2 1 5
86 88
160 120
160 120
140 100

14 14
3 2 3 2

3 3
*
*

0 006 0 006

8
Protein

(g)
RAMM RAMF

4300 4300
3700 3700

300 300
160 170
90 100
25 15
24 15

1 08
12 12
13 14

440 480
110 130
330 350

22 23
240 240

75 70
490 430
200 190
240 200

50 40
230 230
120 120
110 120
97 100
13 13

2 3 2 3
26 26

0016 0016
*

Oil 0 09

9
Specific
gravity

AM RAMF
1 06 1 06

0 92 0 92
0 97 0 97
0 92 0 92
0 92 0 92
0 98 0 98
1 02 1 02

1 06 1 06
1 06 1 06
1 03 1 03
1 09 1 09

1 06 1 06
0 92 0 92
0 92 0 92
0 92 0 92
100 00
100 00
1 00 00
I 10 10
120 20
120 20
120 20
120 20
1 20 20

1 03 1 03

1 04 04
103 03
101 01
1 03 03
1 10 10



Table IV (Cont.)

1
Organ, tissue, or component

36 Gall bladder'
37 Contents (bile)*
38 GI tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 lleum
SO Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

A62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

A66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

4 4
27 29

600 610
510 520

25 25
75 75

130 130
500 510
380 390
320 330
190 190
30 30

140 150
150 150
180 180
1 90 200
100 100
120 130
45 46
55 55
80 83
70 70
43 45
27 28
10 10
13 39

180 180
210 220
180 170

14 15
1000 970
520 540

210 220

310 320
14 15

3
Total blood

(ml)
RAMM RAMF*

*
*
*

24 24

#

42 43
200 210

28 25*
110 110
330 290

30 31

290 300

4
Organs without
Free Blood (g)

RAMM RAMF
4 * 4

27 * 29
600 * 610
510 * 520
25 25
72 72

130 130
500 510
380 390
320 330
190 190
30 30

140 150
150 150
180 180
190 200
100 100
120 130
45 46
55 55
80 83
70 70
43 45
27 28
10 10
13 * 39

135 * 134
*

150 * 144
14* 15

883 * 853
170 * 233

178 187

14 15

5
Water

(8)
RAMM RAMF

4 4
30 32

470 480
*

19 19
54 54

400 400

250 260

23 23
110 110
120 120
140 150

78 79

35 36
43 43
64 66

34 36
22 23
8 8

1 1 3 3
98 100

170 180
110 100

9 96
630 620
410 380

160 120

250 260

6
Mineral

(g)
RAMM RAMF

0 03 0 03
04 043
6 1 62

*

03 03
07 07

5 1 5 2

3 3 1

03 03
14 15
13 13
2 1 2 1

1 1

05 051
05 05
1 1 1 1

05 052
04 041
02 02
02 06
2 2 2 2

2 2 1
2 1 1 9

0 42 0 45
14 14

53 55

2 3 2 4

3 3 1

7
Lipid
(g)

RAMM RAMF
V

0 49 0 52
36 37

*

47 47

32 32

20 20

19 19
86 89
96 96
11 12

62 63

28 29
34 34
5 2 5 4

29 3
1 7 1 7
06 06

031 0 94
13 15

1 5 1 9
19 19*

1 10 1 10
47 57

2 6 2 7

2 1 2 9

8
Protein

(g)
RAMM RAMF

V

013 014
71 62

*

10 10

61 52

41 32

39 39
18 14
19 14
20 20

13 13

62 63
7 2 7 2
66 69

18 19
35 36
1 3 1 3
11 33
21 20
38 39
23 20*

140 140
93 85

(

37 28

56 57

9
Specific
gravity

AM RAMF

1 03 1 03
1 04 1 04

1 04 1 04
1 05 1 05

1 04 1 04

1 04 1 04

1 05 1 05
1 04 1 04
1 04 1 04
1 04 1 04

1 04 1 04

1 04 1 04
I 04 1 04

04 1 04

04 104
04 104
04 104
30 1 30
03 1 03
06 1 06
05 105

1 08 1 08

1 05 1 05
cflated

0 26 0 26
nflated

1 00 1 00
1 06 1 06
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Table IV (Cont.)

1
Organ, tissue, or component

7 1 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Huid (synovial, pleural, etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal*

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone
90 Cortical
91 Irabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Dermis

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 Teeth (32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)»

2
Weight in situ

(g)
RAMM RAMF

690 700
320 330
120 130
840 1300
690 1200
150 110

12000 12000
2 2

71 65
012 014
018 0 14
04 045
1 5 *

0 5 1 *
44 46
26 26
13 15
5 5

4600 4400
2400 2500
1900 2000
500 520
700 720
600 400
480 360
380 390

1200 1200
50 52

1150 1200
2400 2700

88 87
45 34
10 7
34 26

1 1
4 7 *

3
Total blood

(ml)
RAMM RAMF

16 17
*

150 150
*

84 78*
*

0 04 0 05
*
*

33 33
2 2 2 2
1 1 1 3

0 33 0 33
100 100
70 73

32 32
69 72

24 25

43 42

0 4 *

4
Organs without
Free Blood (g)

RAMM RAMF
690 700
320 330
118* 128
840 * 1300
690 1200
150 110

11841 * 11841
2 * 2

62 * 57
0 1 2 * 014
0 18 * 0 14
0 36 * 0 40

15 *
051 *

41 * 43
24 24
12 14
5 5

4494 * 4294
2326 2423
1900 2000
500 520
666 686
593 392
480 360
380 390

1175* 1174
50 52

1200 1200
2400 2700

42 * 42
45 * 34
10 7
34 26

1 1
43 *

5
Water

(g)
RAMM RAMF

*
*

110 83
8500 8500
013 013

44 40*
*

027 03
*
*

33 25

1500 1100
410 300
290 210
120 90
280 210
140 100
380 280
240 180
950 950

33 33
2 5 2 5

017 017
2 2

035 035
3 3 *

6
Mineral

(g)
RAMM RAMF

*
*

120 120*
1 5 1 4*

*
001 001

*
*
*

1800 1800
1800 1700
1500 1400
330 330

5 5 1
12 1
26 20
20 21
11 12

08 08
19 16

58 58
13 10

0 05 0 05
0 1 *

7
Lipid
(g)

RAMM RAMF

*
*

150 140
*

82 84
*

0 05 0 07
*
*
*

760 540
21 22
16 17
5 52

280 210
450 300
59 44
48 49
95 100

2 2 1
*

0 005 0 005
0 5 *

8
Protein

(g)
RAMM RAMF

*
*

1700 1700
*

89 75*
f

0 03 0 03
*
*
*

900 730
600 470
480 350
120 120
140 110
24 15
75 70
60 61

350 260

95 92
045 045

0 072 0 072
0 079 0 079

03 03
0 6 *

9
Specific
gravity

AM RAMF

1 04 1 04
1 30 1 30
1 05 1 05
1 05 1 05
I 07 1 07

1 05 1 05

1 05 1 05
1 05 1 05
1 05 1 05
1 05 1 05
1 40 1 40
2 20 2 20
1 85 1 85
1 08 1 08
1 03 1 03
0 98 0 98
1 10 1 10
1 10 1 10
1 10 1 10
1 15 1 15
1 12 1 12
0 97 0 97
1 06 1 06
2 10 2 10

1 04 1 04



Table IV (Cont.)

1
Organ, tissue, or component

A106 Thymus*
A107 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
111 Ureters (2)*
112 Urethra*
113 Urinary bladder*
114 Contents (urine)*

A l t 5 Breast*
A116 Ovary*
A117 Penis*
A118 Uterus*

119 Uterine tube*
120 Vagina*

1 otal body
1 otal ot asterisked quantities
(Asterisked quantities make up the tola
RAMM Reference Asian Man, Male R

2
Weight in situ

(g)
RAMM RAMF

42 32
84 86
67 51

1 1
5 5
8 86
5 5

21 21
54 54

28 38
1 4

6*
89
1 3
32

30000 31000
30000 31000

3
Total blood

(ml)
RAMM RAMF

92 72
1 1 1 2

*

2400 2500
2500 2500

4
Organs without
Free Blood (g)

RAMM RAMF
32 * 24

7.2 * 7.3
67* 51

1 * 1
5 * 5
8 * 86
5 * 5

21 * 21
54 * 54

28* 38
* 1 4

4 *
* 89
* 1 3
* 32

27000 28000
28000 28000

5
Water

(g)
RAMM RAMF

21 16
52 5.3
28 28

0 75 0 75
28 28
55 59
38 38
14 14
50 50

4 120
#

3 I *
46

067
1 7

19000 19000
18000 18000

6
Mineral

(g)
RAMM RAMF

02 02
01 01

038 038
*

0 08 0 08
¥

*

017 017
0 58 0 58
005 15

*

0 2 *
03

0043
O i l

2200 2200
2200 2200

7
Lipid
(g)

RAMM RAMF
79 68
09 1
59 59

•
t
*
*
*
+

075 23
*

*

015
0022
0053

4500 4700
4100 4500

8
Protein

(g)
RAMM RAMF

37 23
1 1 1
59 59

*
*
*
*
*

33 33
02 6

*

2 6 *
39

056
1 4

4300 4300
4200 4100

9
Specific
gravity

AM RAMF
1 03 1 03
1 05 1 05

1 08 1 08

1 02 1 02

1 04 1 04

ity ot Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka



oooo Table V. Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Reference Asian Man male(RAMM) and female(RAMF):15 years [NIRS-M-85,95,115]

1
Organ, tissue, or component

Al Total body
la Total soft tissue
1 b Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
1 1 Plasma
12 Erythrocytes
13 Bloodvessels*
14 Contents (except aorta and pulmo

AI5 Body fat
16 Essential
17 Nonessential

A18 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
3 1 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

54000 49000
46700 43400
7300 5600
9500 8850
4900 4600
3100 2900

500 450
1000 900

11 11
84 63

160 120
4300 3200
2400 2000
1900 1200

170 130
1900 1500
7500 9500
900 700

6600 8800
36000 31000
16000 12800
20000 18200

840 640
2700 2000
1100 830
1200 910
400 300

1300 1000
1500 1400
1470 1320
1280 1130

160 160
30 30
30 30

100 75
15 12

04 033

3
Total blood

(ml)
RAMM RAMF

4100 3000

140 105
73 66
55 50

11 85
09 08*
150 120

4100 3000

*
1800 1400

*

25 23
28 26

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
49654 45820
47000 43000

7300 5600
9352 8739
4823 * 4530
3042 * 2847

500 450
988 891

10 * 10
84 * 63

*

170* 130
*

7500 9500
900 700

6600 8800
36000 31000
16000 12800
20000 18200

840 640
2700 2000
1100 830
1200 910
400 300

1300 * 1000
1474 * 1376
1440 1293
1280 1130

160 160
30 30
30 30

100 * 75
15 * 12

04 03

5
Water

(g)
RAMM RAMF

36000 31000
32000 25000

1800 1600
850 800
600 550
100 90
200 180
65 6 1
59 44

130 99
3400 2600
2200 1 800
1200 750

130 100
1500 1200

36000 31000
16000 12800
20000 18200

650 490
1700 1300
690 520
760 580
260 200
870 620

1200 880
1100 860
980 740
130 98
23 18
24 20

100 75

02 02

6
Mineral

(g)
RAMM RAMF

2900 2400
310 260

20 15
10 76
6 47

1 4 1 1
22 17
0 1 0 1
12 092
16 12
41 31
21 18
20 13

1 081
18 15

34 26
110 85
45 34
50 38
17 13
54 41
22 17
22 16
19 14

24 1 8
045 035
04 033

0 64 0 48

00012 00012

7
Lipid
(g)

RAMM RAMF
7500 9500
8700 9000

7100 6800
3700 3600
2300 2200

360 340
750 690
2 2 2 8

1 1 2
085 1

29 29
18 19
10 10

13 14
7500 9500
900 700

6600 8800

10 12
27 31
11 12
12 14
4 5

15 18
160 170
160 170
140 150

14 16
33 4

3 35
*
*

0 006 0 006

8
Protein

(g)
RAMM RAMF

7300 6900
. 6700 5500

470 420
240 230
150 130
35 28
44 34
1 7 1 4
20 17
25 22

780 570
160 150
620 430
40 31

340 270

130 99
1000 760
410 310
450 340
140 110
420 380
120 89
110 86
98 75
13 99

2 4 1 8
26 22

0027 0021
*

O i l O i l

9
Specific
gravity

AM RAMF
1 07 1 05

093 091
0 98 0 96
093 091
093 091
0 99 0 97
103 101

1 07 1 05
1 07 1 05
1 04 1 02
1 10 1 08

1 07 1 05
093 091
093 091
093 091
101 099
101 099
101 099
111 1 09
1 21 1 19
1 21 1 19
1 21 1 19
121 119
121 1 19

1 04 1 02

1 05 1 03
1 04 1 02
1 02 1 00
1 04 1 02
111 1 09



Table V (Cont.)

1
Organ, tissue, or component

36 Gall bladder*
37 Contents (bile)*
38 GI tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 Ileum
50 Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

A62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

A66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

8 6 I
47 36

1000 790
900 690
30 28

120 95
230 170
850 660
670 520
540 420
330 260
40 30

240 190
260 200
310 240
340 260
170 130
210 160
75 56
95 75

140 110
130 100
74 56
47 38
19 19
23 70

290 240
380 290
250 230

25 20
1400 1200
930 710

430 330

500 380
24 18

3
Total blood

(ml)
RAMM RAMF

*
*
*

38 3

*

69 57
360 270

38 34*
150 140
570 270

77 70

470 360

4
Organs without
Free Blood (g)

RAMM RAMF
8 0 * 61
47 * 36

1000 * 790
900 * 690
30 28

116 92
230 170
850 660
670 520
540 420
330 260
40 30

240 190
260 200
310 240
340 260
170 130
210 160

75 56
95 75

140 110
130 100
74 56
47 38
19 19
23 * 70

217 * 180
*

210 * 194
25 * 20

1241 * 1052
326 * 424

348 256

24 18

5
Water

(g)
RAMM RAMF

79 6
45 34

770 600
*

23 17
86 68

670 520

420 330

31 23
190 150
200 150
250 190

130 100

59 44
75 59

110 89

58 44
38 30
15 15
19 59

160 130
310 230
150 140

17 13
860 780
730 560

330 250

400 310

6
Mineral

(g)
RAMM RAMF

0 06 0 046
047 036
79 62

*
027 02
0 94 0 75

67 52

42 33

0 32 0 24
18 15

2 1 6
25 19

1 4 1

06 045
076 06

1 1 0 9

0 59 0 44
038 03
015 015
0 12 036
2 9 2 4
36 37
2 4 2 2

075 06
17 15

95 73

47 36

48 37

7
Lipid
(g)

RAMM RAMF
*

085 1
50 55

*

75 8

54 61

34 40

25 29
15 18
17 19
20 22

11 12

4 7 5 5
59 6

9 10

5 6
2 9 2 9
1 1 1 1

055 17
21 24
19 35
23 26*

140 190
87 95

53 6

33 35

8
Protein

(g)
RAMM RAMF

*

023 017
120 110

*

16 13

100 80

69 53

52 39
31 24
33 25
34 27

22 17

10 75
12 95
12 97

3 1 24
6 1 4 9
2 5 2 5
20 61
35 32
69 52
35 31*

190 170
170 130

<

76 58

91 68

9
Specific
gravity

AM RAMF

1 04 1 02
1 05 1 03

1 05 1 03
1 06 1 04

1 05 1 03

1 05 1 03

1 06 1 04
1 05 1 03
1 05 1 03
1 05 1 03

1 05 1 03

1 05 1 03
1 05 1 03
1 05 1 03

05 1 03
05 1 03
05 103
31 1 29
04 102
07 105
06 104
09 1 07

1 06 1 04
eflated

0 26 0 26
nflated

101 099
1 07 1 05



Table V (Cont.)

1
Organ, tissue, or component

71 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Fluid (synovial, pleural, etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal*

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone

90 Cortical
91 Trabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Dermis

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 Teeth (32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)*

2
Weight in situ

(g)
RAMM RAMF

1200 910
540 410
210 160

2500 4400
2200 4180
300 250

23000 20000
3 3

100 89
0 12 0 16
0 18 0 16
053 061

11 *
3 6 *
77 59
45 35
23 17
9 68

7300 5700
4000 3000
3200 2400
800 600
900 750

1000 900
840 640
600 450

2200 1700
100 76

2100 1600
4900 4600

120 110
45 34
10 7
34 26

1 1
33*

3
Total blood

(ml)
RAMM RAMF

29 26
*

400 360*
12 11*

*
0 06 0 07

*
*

57 52
38 3

2 1 5
0 59 0 44
200 180
140 130

41 37
13 12

43 39

57 54
9

25 *

4
Organs without
Free Blood (g)

RAMM RAMF
1200 910
540 410
207 * 157

2100 * 3900
2200 4200

300 250
22576 * 19618

3 * 3
87 * 77

0 1 02
02 02

0 47 0 54
11

36
71 53
41 32
21 15
84 63

7088 * 5509
3852 2862
3200 2400
800 600
857 711
986 887
840 640
600 450

2154 * 1659
100 76

2100 1600
4900 4600

60 * 53
45 * 34
10 7
34 26

1 1
30 *

5
Water

(g)
RAMM RAMF

+
*

230 170
18000 16000

02 02
60 53

*

*

035 04
«
*

58 45

2300 1700
670 500
480 360
190 140
360 270
200 180
650 490
390 300

1600 1400

43 41
4 4 3 4

025 019
3 5 2 7
07 053
23*

6
Mineral

(g)
RAMM RAMF

*
*

300 250*
19 17*

»
001 001

*
*
*

2300 1800
2200 1700
1800 1400
400 300
53 4
22 1 7
34 26
25 19
16 13

09 09
32 25
86 66
23 18
01 0 076
0 3 *

7
Lipid
(g)

RAMM RAMF

*
*

300 600*
12 13*

*
008 01

t
*
*

1200 1100
35 41
27 32
8 9

360 400
750 690

10 12
75 10
170 190

2 1 2 5
*

001 00076
2 9 *

8
Protein

(g)
RAMM RAMF

*
*

3500 2900
*

14 12
*
*

0 04 0 04
*
*
*

1400 1100
1000 750
800 600
200 150
180 140
44 34

130 99
94 71

630 470

15 14
68 62

Oil 0 082
0 14 Oil
06 046
4 6 *

9
Specific
gravity

AM RAMF

1 05 1 03
31 1 29
06 1 04
06 1 04
08 1 06

06 1 04

06 1 04
06 1 04
06 1 04
06 1 04
41 1 39

2 2 2 2 1 8
87 1 83
09 I 07
04 I 02

0 99 0 97
11 1 09
11 109
11 109
16 1 14
13 1 11

0 98 0 96
1 07 1 05
2 12 208

1 05 1 03



Table V (Cont.)

1
Organ, tissue, or component

A106 Thymus*
A107 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
III Ureters (2)*
112 Urethra*
113 Urinary bladder*
114 Contents (urine)*

A115 Breast*
A116 Ovary*
A117 Penis*
A118 Uterus*

119 Uterine tube*
120 Vagina*

1 otal body
1 otal ot asterisked quantities
(Asterisked quantities make up the tola
RAMM Reference Asian Man, Male R

2
Weight in situ

(8)
RAMM RAMF

37 32
16 15
67 51

4 3
8 6

13 14
8 5

38 30
96 78
20 270

98
42*

63
89
22

54000 49000
54000 49000

3
Total blood

(ml)
RAMM RAMF

8 1 7
2 1 2*

*
*

4100 3000
4400 3600

4
Organs without
Free Blood (g)

RAMM RAMF
28 * 25
14 * 13
67* 51

4 * 3
8 * 6

13 * 14
8* 5

38 * 30
96* 78
20 * 270

10
42

63
9

22
50000 46000
49600 45000

5
Water

(g)
RAMM RAMF

17 15
92 89
42 32

3 23
44 34
89 96

6 38
25 19
89 72

64 190
*

30*
*
*
*

36000 31000
31000 27000

6
Mineral

(g)
RAMM RAMF

02 02
02 01

066 05
*

012 0094
*
*

03 024
1 084

008 24
*
*
4

*

*

2900 2400
2800 2200

7
Lipid
(g)

RAMM RAMF
78 85
1 8 22
10 12

*

*

*

*

*
*

12 36
*
*
*
*
*

7500 9500
8100 8300

g
Protein

(g)
RAMM RAMF

3 7 2 5
22 2
10 76

5 8 4 7
032 96

v
*
*
*
*

7300 6900
7600 6300

9
Specific
gravity

AM RAMF
1 04 1 02
1 06 1 04

1 09 1 07

1 03 1 01

1 05 1 03

ity of Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka
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to Table VI. Physical properties, contents of blood, water, mineral, lipid and Protein of all organs and tissues
for Reference Asian Man male(RAMM) and female(RAMF): adult [NIRS-M-85,95,115, ICRP23]

1
Organ, tissue, or component

Al Total body
la Total soft tissue
Ib Total hard tissue
2 Adipose tissue
3 Subcutaneous (hypodermis)*
4 Other separable*
5 Interstitial
6 Yellow marrow (skeleton)

A7 Adrenals (2)*
8 Aorta*
9 Contents*

A10 Blood
11 Plasma
12 Erythrocytes
13 Blood vessels*
14 Contents (except aorta and pulmo

A15 Body fat
16 Essential
17 Nonessential

A18 Body water
19 Extracellular
20 Intracellular
21 Cartilage (skeleton)
22 Connective tissue
23 Tendons and fascia
24 Penarticular tissue
25 Other connective tissue
26 Separable connective tissue*

A27 Central nervous system*
A28 Brain

29 Cerebrum
30 Cerebellum
31 Brain stem
32 Spinal cord
33 Contents (cerebrospmal fluid)*

A34 Eyes (2)*
A35 Lenses (2)

2
Weight in situ

(g)
RAMM RAMF

60000 51000
52000 45000
8400 6400

11000 13000
5500 7000
3500 4500
700 530

1300 990
14 13
90 68

170 130
4800 3800
2700 2100
2100 1700

180 140
2100 1600

10000 13000
1200 1000
8800 12000

37000 29000
16000 12500
21000 16500

900 700
2900 2200
1200 910
1300 990
400 300

1400 1 100
1500 1400
1470 1320
1280 1130
160 160
30 30
30 30

110 83
15 12

04 03

3
Total blood

(ml)
RAMM RAMF

4500 3600

150 120
75 65
55 45

20 10
1 1 1*
150 120

4500 3600

*

*

t

25 23

*
*

4
Organs without
Free Blood (g)

RAMM RAMF
55230 47184
52000 45000
8400 6400

10841 12873
5421 * 6931
3442 * 4452
700 530

1279 979
13 * 12
90 * 68

*

180 * 140
*

10000 13000
1200 1000
8800 12000

37000 29000
16000 12500
21000 16500

900 700
2900 2200
1200 910
1300 990
400 300

1400 * 1 100
1474 * 1376
1470 1320
1280 1130

160 160
30 30
30 30

1 1 0 * 83
15 * 12

04 03

5
Water

(g)
RAMM RAMF

37000 29000
34000 27000

1900 1700
910 880
620 520
110 90
250 160
89 8
63 48

140 110
3900 3100
2500 1900
1400 1 100

140 110
1700 1300

37000 29000
16000 12500
21000 16500

700 530
1800 1400
750 570
820 620
260 200
900 720

1200 870
1100 850
980 730
130 98
23 18
24 20

110 83

027 02

6
Mineral

(g)
RAMM RAMF

3300 2500
340 290

22 16
11 8

66 5
14 1
26 19
0 1 0 1
13 098
1 7 1 3
46 37
23 19
23 18
11 086
20 16

37 29
120 91
49 37
54 41
17 13
58 46
22 16
22 16
19 14

25 18
045 035
04 033
07 053

00016 00016

7
Lipid
(g)

RAMM RAMF
10000 13000
9700 11000

8600 1 1000
4300 5900
2700 3800
550 410

1000 790
3 3

1 1 1 4
09 1 1
32 35
17 21
15 14

14 15
10000 13000

1200 1000
8800 12000

11 14
29 37
12 15
13 17
4 5 1

16 20
160 200
160 200
140 180

14 18
3 3 4 2

3 38
*

*

0008 001

8
Protein

(g)
RAMM RAMF

8900 6800
8000 6300

540 410
280 210
170 130
35 27
52 40

24 19
24 18
27 18

870 680
160 130
710 550

39 29
380 290

140 110
1100 810
450 340
490 370
140 100
430 320
120 87
110 85
98 73
13 10

24 18
26 2 1

0 03 0 02
*

0 14 01

9
Specific
gravity

AM IRAMF
1 06 1 04

0 92 0 90
0 97 0 95
0 92 0 90
0 92 0 90
0 98 0 96
1 02 1 00

1 06 1 04
1 06 1 04
1 03 1 01
1 09 1 07

d d
1 06 1 04
0 92 0 90
0 92 0 90
0 92 0 90

00 098
00 098
00 098
10 I 08
20 1 18
20 1 18
20 1 18
20 1 18
20 1 18

03 1 01

04 1 02
03 1 01
01 099
03 1 01
10 1 08



Table VI (Cont.)

1
Organ, tissue, or component

36 Gall bladder'
37 Contents (bile)*
38 GI tract*
39 Contents (food plus digestive flui
40 Esophagus
41 Stomach
42 Contents
43 Intestine
44 Contents
45 Small intestine
46 Contents
47 Duodenum
48 Jejunum
49 lleum
SO Large intestine
51 Contents
52 Upper large intestine
53 Contents
54 Ascending colon and cecum
55 Transverse colon
56 Lower large intestine
57 Contents
58 Descending colon
59 Sigmoid colon
60 Rectum
61 Hair*

A62 Heart*
63 Contents (av )*

A64 Kidneys (2)*
65 Larynx*

A66 Liver*
A67 Lung*

68 Parenchyma (includes bronchial
tree plus capillary blood)

A69 Blood (arterial and venous)
70 Bronchial tree

2
Weight in situ

(g)
RAMM RAMF

8 6
50 38

1100 850
950 730

40 30
140 110
240 180
920 710
710 550
590 450
350 270
50 40

260 200
280 210
330 260
360 280
180 140
220 170
80 60

100 80
150 120
140 110
80 60
50 40
20 20
25 75

380 320
400 300
320 280
27 20

1600 1400
1200 910

500 380

700 530
26 20

3
Total blood

(ml)
RAMM RAMF

*
*
*

4 4 3 5

*
89 76

380 290
49 42*

180 150
710 540

90 68

660 500

4
Organs without
Free Blood (g)

RAMM RAMF
8 * 6

50 * 38
1100* 850
950 * 730
40 30

135 106
240 180
920 710
710 550
590 450
350 270

50 40
260 200
280 210
330 260
360 280
180 140
220 170

80 60
100 80
150 120
140 110
80 60
50 40
20 20
25 * 75

286 * 239
*

268 * 235
27* 20

1409 * 1241
447 * 338

405 308

26 20

5
Water

(g)
RAMM RAMF

79 6
48 36

850 620
*

30 23
100 79

720 520

460 340

39 31
200 150
220 160
260 170

140 79

63 47
79 32

120 95

63 47
40 32
16 16

2 1 6
200 170
320 240
190 170

18 13
980 840
940 720

380 290

560 430

6
Mineral

(g)
RAMM RAMF

0 06 0 05
05 038
87 67

*

036 027
11 086

72 56

46 35

04 032
2 1 5

22 1 7
26 2 1

1 4 1 1

0 64 0 48
08 064
12 096

0 64 0 48
04 032

0 16 0 16
013 0 39

34 29
38 39
2 8 2 4

081 06
18 15
12 93

5 5 4 1

6 7 . 5 2

7
Lipid
(g)

RAMM RAMF
*

09 1 1
67 85

*

87 11

58 74

37 47

3 1 39
16 20
18 23
21 27

11 14

5 64
62 79
97 12

54 69
3 1 3 9
1 2 1 5
06 0 76
26 24

2 37
30 29*

160 150
11 13

62 79

4 7 4 9

8
Protein

(g)
RAMM RAMF

9

024 018
130 100

*

19 15

110 85

76 57

65 5
33 25
36 27
37 28

24 18

11 8
13 10
13 10

3 4 2 5
65 52
26 26
22 66
54 44
73 54
51 42*

260 210
210 160

c

88 67

130 95

9
Specific
gravity

AM IRAMP
1 03 1 01
1 04 1 02

1 04 1 02
1 05 1 03

1 04 1 02

1 04 1 02

1 05 1 03
1 04 1 02
1 04 1 02
1 04 1 02

1 04 1 02

1 04 1 02
1 04 1 02
1 04 1 02

1 04 1 02
1 04 I 02
1 04 1 02
1 30 1 28
1 03 I 01
1 06 1 04
1 05 1 03
1 08 1 06

1 05 I 05
eflated

0 26 0 26
nflated

1 00 0 98
1 06 1 04



Table VI (Cont.)

1
Organ, tissue, or component

71 Lymphocytes
72 Lymphatic tissue
73 Lymph nodes (dissectible)*
74 Miscellaneous*
75 Solid soft tissue
76 Muid (synovial, pleural, etc )

A77 Muscle (skeletal)*
78 Nails (20)*
79 Pancreas*
80 Parathyroid (4)*
81 Pineal'

A82 Pituitary*
83 Prostate*
83a Contents*
84 Salivary glands (6)*
85 Parotid (2)
86 Submaxillary (2)
87 Sublmgual (2)

A88 Skeleton*
A89 Bone

90 Cortical
91 Irabecular
92 Red marrow
93 Yellow marrow
94 Cartilage
95 Penarticular tissue (skeletal)
96 Skin*
97 Epidermis
98 Dermis

A99 Hypodermis (see adipose tissue)
100 Spleen*
101 Teeth (32)*
102 Enamel
103 Dentm
104 Pulp
105 Testes(2)*

2
Weight in situ

(g)
RAMM RAMF

1300 990
600 450
220 170

2500 790
2100 540
400 250

25000 20000
3 23

130 110
012 014
0 18 0 14
0 54 0 64

12*
4 *

82 62
48 36
24 18
10 76

8400 6400
4500 3400
3600 2700
900 700

1000 780
1300 990
900 700
700 530

2400 1800
100 76

2300 1700
5500 7000

140 120
45 34
10 73
34 26

1 07
37*

3
Total blood

(ml)
RAMM RAMF

3 22
*

410 360
*

16 13
*

*

0 06 0 07
*
*

61 5
4 1 3 5
2 1 1 8

065 06
210 180
160 140

45 34
15 I I

47 40

65 60
*

2 8 *

4
Organs without
Free Blood (g)

RAMM RAMF
1300 990
600 450
217 * 168

2500 * 790
2100 540
400 250

24565 * 19618
30 23
113 96
0 1 0 1
0 2 0 1

0 48 0 57
12
4

76 * 57
44 32
22 16
93 70

8177 * 6209
4330 3252
3600 2700
900 700
950 744

1300 978
900 700
700 530

2400 * 1758
100 76

2300 1700
5500 7000

66 * 56
45 * 34
10 7
34 26
10 07
34 *

5
Water

(g)
RAMM RAMF

*
1900 550

300 250
20000 15000

02 0 15
80 67*

*
037 041
94*
2 7 *
62 47

2700 2000
810 610
590 440
220 1 70
400 280
250 160
700 530
500 380

*

49 45
4 7 3 5

028 02
37 28
07 05
25*

6
Mineral

(g)
RAMM RAMF

*
170 60

280 280
*

24 2
*

*

001 001
0 2 *

*
*

2500 1900
2500 1800
2000 1500

450 340
59 4
26 19
37 29
33 28

$

1 09
34 25
96 73
24 18
01 008
0 4 *

7
Lipid
(g)

RAMM RAMF

*
220 230

420 620
*

17 15*
*

0 09 Oil
0 15*

*
+

1500 1200
40 52
30 40
10 12

400 380
1000 790

11 14
88 11

*

2 2 2 3
*

001 001
3 2 *

8
Protein

(g)
RAMM RAMF

+
210 40

4300 3800
*

19 15*
9

0 05 0 04
1 7*

0 1 5 *
*

1800 1300
1200 900
980 720
220 1 80
200 120

52 40
140 110
160 110

V

17 16
0 87 0 66
012 009
0 15 Oil
06 046
5 5 *

9
Specific
gravity

AM IRAMF

1 04 1 02
30 1 28
05 1 03
05 1 03
07 1 05

05 1 03

05 1 03
05 103
05 1 03
05 1 03
40 1 37
20 2 16
85 1 82
08 1 06
03 1 01
98 096
10 1 08
10 1 08
10 1 08
15 I 13
12 1 10

0 97 0 95
1 06 1 04
2 10 206

1 04



Table VI (Cont.)

1
Organ, tissue, or component

A106 Thymus*
AI07 Thyroid*

108 Tongue*
109 Tonsils (2 palatine)*
110 Trachea*
111 Ureters (2)*
112 Urethra*
113 Urinary bladder*
114 Contents (urine)*

A115 Breast*
A I I 6 Ovary*
A117 Penis*
A118 Uterus*

119 Uterine tube*
120 Vagina*

Total body
I otal ot asterisked quantities
(Asterisked quantities make up the tola
RAMM Reference Asian Man, Male R

2
Weight in situ

(g)
RAMM RAMF

30 29
19 17
67 51

4 3
9 68

14 15
9 6

40 30
100 85
22 300
d 11

47*
d 70
d 10
d 25

60000 51000
60000 51000

3
Total blood

(ml)
RAMM RAMF

66 63
26 23*

*
*
*
*
*
*
*

15 *
30

5
10

4500 3600
4500 3600

4
Organs without
Free Blood (g)

RAMM RAMF
23 * 22
16* 15
67 * 51

4 * 3
9* 68

14 * 15
9 * 6

40* 30
100 * 85
22 * 300

* 1 1
31 *

* 38
* 5
* 14

55000 47000
55000 47000

5
Water

(g)
RAMM RAMF

13 12
11 10
45 34

3 23
5 38

96 10
68 4
26 19
93 79
15 200

38*
57
81
20

37000 29000
36000 27000

6
Mineral

(g)
RAMM RAMF

01 01
02 02
07 053

*

0 1 4 O i l
*

*

0 32 0 24
1 1 0 9 4
01 3

0 6 *
089
013
032

3300 2500
3200 2400

7
Lipid
(g)

RAMM RAMF
64 67
22 22
11 14

*
3 50

*

0 4 *
06

0085
021

10000 13000
9800 13000

8
Protein

(g)
RAMM RAMF

38 3
28 23
11 84

*
*
*
*
*

62 53
4 47

V

8*
12

17
4 3

8900 6800
9200 7400

9
Specific
gravity

AM IRAMF
1 03 1 01
1 05 1 03

1 08 1 06

1 02 1 00
102
1 02

1 04
104
1 04
1 04

ity of Reference Asian Man)
AMF Reference Asian Man, Female by G Tanaka
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4. CONCLUSIONS

In reviewing the conclusions presented here, it is important to emphasize that the
quantity and quality assurance for the individual national results presented in this report are
highly dependent on the situation in each country, including funding and support provided in
addition to that provided by the IAEA/RCA. However, the results that have been compiled can
be considered a valuable data base for the purpose of national and international decision
radiation protection and as a basis for setting research priorities.

As a general conclusion, considering the ranges of mean national values obtained
through this Coordinated Research Programme, single reference values for certain parameters
may not be representative for certain countries. Each country must review local, regional and
national statistics to determine what is appropriate for its situation. It may be justified to
undertake a specific research programme to obtain specific national reference values for
population variables related to radiation protection. It should be noted that, with reference to
Worldwide Variation in Human Growth, by P.B. Eveleth and J.M. Tanner, Cambridge
University Press (1990), the ranges in anthropomorphic parameters reported in this CRP are
generally wider than the equivalent ranges for European country populations.

The data compiled under this CRP do not appear to sufficiently different from the values
which served as the basis for the recommendations presented in the International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources
(Safety Series No. 115) to warrant deviation from those recommendations for normal or
routine internal dosimetry purposes. However, specific situations could occur in which use of
the population specific data presented in this report may be appropriate for decision making
and dosimetry purposes.

I. Physical Measurements

A. Linear parameters

1. The linear measurements reported in the (height, sitting height, etc.) have a ranges of
values for the nine countries providing results. The maximum/minimum body height for
adult males, for example, is 1.044 and the equivalent female value is 1.048.

2. The mid-range of national values for linear measurements are generally significantly less
than the equivalent values recommended by the ICRP. For example, the male height
(167 cm) for the 9 countries is 5.1% less than the equivalent value of 176 cm to be
recommended in the revision of Report 23 and published in ICRP Report 66. The
minimum national mean (163.4 cm) is 7.2% less than the new ICRP value.

B. Body mass

1. The reported body mass ranges are significantly wider than those for the linear
measurements. The maximum/minimum for adult males, for example, is 1.24 and the
equivalent female value is 1.23.
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II. Organ Masses

1. Accurate measurement of organ masses depends on strict adherence to prescribed protocol.
Factors such as presence or absence of blood, failure to remove extraneous tissue, delay
in post-mortem measurement, etc can adversely effect the accuracy of the measurement.

2. The relationship between organ mass ranges and the ICRP recommended values is not
consistent, but the mean masses tend to be less than the ICRP values.

HI. Dietary Results

1. The majority of mean values for nutritional characteristics in reported diets are generally
significantly below equivalent values recently reported by the WHO.

2. The relative contribution of cereals (primarily rice) and vegetables to the diets reported for
this CRP is significantly higher than for western population diets.

3. Animal proteins, oils and fats are substantially less than those reported for western diets.

4. The mean values dietary contents of minor and trace elements are generally less than
results reported by the WHO.

IV. Physiological Function

1. Measurement of pulmonary function and water balance parameters for large numbers of
people is an difficult and expensive task. Therefore, the number of results presented ha this
report are generally very limited, and the mean values can not be considered definitive
measurements for the Asian population.

2. Values for pulmonary function parameters depend on a number of factors, including
activity level, ambient temperature and humidity. However, mean values tend to be lower
than equivalent values presented in ICRP Report 23.

3. Measurement of water balance is made difficult by the multitude of mechanisms for
elimination (urine, feces, sweat, and breath). Therefore, the number of results presented
were severely limited. However, the particular values and pathways for intake and
elimination are also highly dependent on ambient and environmental conditions
(temperature, humidity and level of effort). This is particularly important in the tropical
conditions that are prevalent in many Asian countries.
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5. RECOMMENDATIONS

1. The database on anthropomorphic parameters (height, weight, sitting height, etc)
compiled in this CRP should be used, where appropriate, in applications such as
fabrication of phantoms for internal dosimetry.

2. A specific regional programme aimed to provide guidance to those responsible for
internal dosimetry programmes would be very valuable. This might take the form of a
workshop on design, construction and use of phantoms for calibration of whole body
and lung counting facilities. In addition, establishment of a network of regional experts
to provide advise on phantom construction and whole body/organ counter calibration is
very important.

3. Continuation of a regional programme for measurement of organ masses may not be
practical for financial reasons. However, individual countries are encouraged to initiate
such measurement programmes when it is appropriate to their needs. Without more
accurate or country specific data, use of the existing database together with the detailed
model developed by the Japanese National Institute of Radiological Sciences and
application of the associated scaling rules based on body height and weight may provide
an acceptable alternative for some organs. However, they should be applied only to
population groups and are not recommended for application to individual adults.

4. A suitable alternative to development of mathematical human models may be
application of a system of scaling developed by the Oak Ridge National Laboratory
based on body height and organ weight to determine Specific Absorbed Fraction (SAP)
values which can be used, together with ICRP Report 30 methodology, to conduct the
necessary dose calculations.

5. Additional data on specific elements related to uptake of important radionuclides in
national diets and selected organs from people within the RCA region is needed for
internal dose assessment in the RCA countries. Continued research, with emphasis on
quality assurance, should be undertaken to obtain this information for each RCA
country. This programme should be formulated using methodology and protocols already
established in other IAEA nutrition studies.

6. Additional regional studies on physiological parameters may not be cost effective.
However, scaling rules based on body height and weight have been identified in this
study and by the ICRP which can be used to predict key pulmonary function
parameters.

NEXT PAGE(S)
(•ft BLANK
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Annex I

PROTOCOLS DEVELOPED DURING THE
PROJECT FORMULATION MEETING
(Mito City, Japan, 17-21 October, 1988)

1. Measurements of physique

Height of the total body or stature, and weight of the total body along with sitting height
and chest girth may be obtained through literature survey or by conducting measurement by
using ordinary techniques of international standards (see ref. for example):

Unit Significant digit
Height of the total body cm three (< 100 cm)

four (>100 cm)
Weight of the total body kg three
Sitting height cm three
Chest girth cm three

The following measurements may not be found in many official statistics data, but will
provide necessary information for phantoms:

Height of head and neck (from clavicle to top of head)
Head circumference
Head width
Neck circumference

Other measurements, such as dimensions of breast, the length and circumference of the
arm, the length of the leg, etc. will also be of useful information.

2. Mass of internal organs

The following criteria are proposed for obtaining normal values of mass of internal
organs in the literature survey and actual measurement:

• Subjects to be studied are who died of sudden deaths.

Autopsy should be carried out by qualified medical doctors within 24 hours after
death (in case of the temperature zone) in such a way that in situ mass of organs
might be obtained.

Data should be obtained from those who are found at autopsy to have been
healthy and normal shortly before death.

• Data should be obtained from those who do not show any of the following
pathological changes in any organ(s): inflammation, anaemia, atrophy, regressive
change, fatty degeneration, neoplasm, or tumor, all of which tend to cause a
change in the normal weight of organs.
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Organs to be studied (an example)

Adrenal glands Pancreas
Brain Pituitary gland
Heart Spleen
Kidney Testes
Liver Thymus
Lungs Thyroid gland

• Nutritional condition as well as the height and weight of the body may also be
observed.

3. Important points for food consumption survey

• To make clear total population and numbers of families surveyed.

To make clear criteria of the family selection.

• It is required to know the weight of raw materials (but edible part only) of the
dishes.

Seasonal variations must be taken into consideration. This means survey should
cover every season.

• It is necessary to use the same criteria for classification of food.

• Inter-regional variations in food consumption and also between the consumption
pattern of urban and rural pattern should be included in study if required.

Age dependent data (average food consumption data) should be provided, if
necessary.

Some other important points for the determination of daily intake of principal nutrients and
trace elements.

To make clear as to the food sampling method: a) duplicate meal sampling
method, or b) market basket sampling method

• To make clear as to the treatment of food: a) cooked b) uncooked
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Annex II

DESCRIPTION OF SRT05Z
SUMMARY STATISTICS SOFTWARE

Background

For unusually large data sets, (> 100,000 one hundred thousand cases) possibly with a
few variables, even the most sophisticated applications, such as EXCEL from Microsoft, on
today's high powered microcomputers cannot handle the computation of simple summary
statistics. Yet microcomputers with modest hardware configuration and performance
parameters could easily menage the task. The Summary Statistics Software, a low tech, no
frills computer program, has been designed to run on a minimum configuration IBM
compatible PC.

The limited central memory (RAM) size is the main difficulty: large data sets cannot
fit into the RAM. Most applications running under DOS, however, require just that. The
natural solution to the problem is a software design which builds on hard disk based data
manipulation. Let us briefly review the key algorithmic problem of such a code.

If one is only interested in calculating recursively computable summary statistic
measures then such a task is very simple indeed. The recursively computable summary
statistics require at any one time only one value of the data vector and the result of the latest

recursion. For instance the following formulas calculate the mean N and variance VAR(N)
of a data vector (x(l), ..., x(N)}.

f • n i XT i vu *n=0 A VAIL=Qfor i = 0, 1, ..., N-l with ° and ^

In these cases a program can read the data in from disk, in chunks that the central memory
can handle, and by applying the recursive relations the final answer will be supplied when the
last data point is input.

Other summary statistics such as median, or all percentiles for that matter, do not yield
such recursive relationships because they are closely related to the ordering of the data vector,
a typical non-recursive algorithmic problem. Our program, in pursuit of finding exact
percentiles of large data sets, employs a three pass approach. That is, the data set stored on
hard disk, will be read three times before the program run concludes. There are clever
methods available for one pass computations, but these, as far as I could tell, are either
approximate or the algorithm that they use might fail under certain, as they claim unusual
circumstances.
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Program description

Language

The program has been written in Microsoft Quick Basic version 4.5. It runs as a stand
alone .EXE executable file.

Hardware and operating system requirements

IBM compatible XT or later models are required with data stored on hard disk.
Although the program attempts to print the final results, the printer is optional since the final
output file is stored as a *.TXT file in any case. In general there is no easy solution for good
printing. Printing in DOS environment depends on certain factors such configuration and
printer drivers, as well as the special setting of the printer. We had the best result with an HP
LaserJet Series II printer. A newer model HP 4 for instance produces a less than satisfactory
hard copy.

The operating system should be DOS 3.2 or higher.

Algorithm

As mentioned above the program employs a three pass approach on the data. In the first
pass it computes the recursively computable summary statistics measures: average, standard
deviation, minimum, maximum values. Based on these the second pass determines a partition
of the data and builds a frequency table accordingly. In addition the skewness and kurtosis
measures are also computed. The third pass on the data stores in RAM only those data points
which are in the critical intervals of the partition, i.e. in which the selected percentiles fall.
These are then sorted and the exact percentiles can be counted down within the intervals.

Program user's guide

Input

The input file has to be of ASCII type with *.DAT extension. The input data set is
organized into variables (columns) and cases (rows). The variable names are in the first record
(row). There is no limitation on the number of variables (columns) and cases (rows) in the
input data set.

Any delimiter can be used in the input and it should be supplied when prompted for.
Missing data entries are allowed, in this case, however, one cannot use blanks (or tabs) for
field delimiter for obvious reasons.

The output file name has to be supplied before the computation starts. Default file name
is provided.

In one run the summary statistics will be computed for any, but only one variable.

Output

The computer screen provides information about the status of the run of the program.
This includes among others the display of the latest summary statistics calculated. The final
results are stored on a user specified file and at the same time printing is attempted when
afforded. The output file is in ASCII format, even the histogram it provides is rendered in
character graphics.
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The set of summary statistics calculated by the program can be seen on the attached
sample runs.

Running the program

Running the program is self explanatory. It is a single file SRT05Z.EXE. It can be
invoked either from floppy disk or hard disk. Typing SRT05Z starts execution. Answer the
dialog questions (as usual one has to hit the ENTER key after an answer field is set).

NEXT PAQE(S)
|«ft BLANK
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