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Chapter 8 Appendix 1a

SUMMARY OF ORGAN MASSES IN
THE JAPANESE ADULT PHANTOM

Mark Cristy
Oak Ridge National Laboratory

Stephen D. Egbert
Science Applications International Corporation

As mentioned in the text, the densities of skeletal and soft tissucs used in the current

ORNL phantoms and in the Japanese adult phantom (this report) were changed slightly from
those used in earlier ORNL phantoms. It should be appreciated that the assumed density
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Table 1. Summary of Organ Masses in Japanese Adult Phantom

Organ Mass (g) COrgan Mass (g) Organ Mass (g)
of organ of organ ol argan
Skeletal system—aclive marrow 1050 Skeleinl sysiem—Iiolal 1300 Adrenals 10.5
Leg bones—upper partion® 43.3 Leg bones—upper partion® Ta2 Brain 1410
Leg bones—middle portion® 21.4 Leg bones—middle portion® 1120 Breasts—including skin 310
Leg bones—lower pariion” 0 Leg bones—lower porlion® 933 Dreasts—excluding skin 272
Arm bones—upper partion® 330 Arm bones—upper partion® 186 Gall bladder—wall 9.27
Arm bones—middle portion® 7.35 Arm bones—middle portion® 290 Gall Bladder—eonlents 459.0
Arm bones—Ilower partion® Arm bones—Ilower portion® 347 Gastrointestinal tract & contents
Pelvis 153 Pelvis Gd5 —stamach wall 118
Spine—upper portion® 23.6 Spine—upper portion® 177 —stomach conlenls 195
Spine—middle pn-rlinn" 155 Spine—middle p-drrlinn" 583 —small intestine, wall and
Spine—lower partion® 87.0 Spine—lower partion® 220 contenls E3B
Skull—eranium T2.3 Skull—cranium 112 —upper large intesting wall |68
Skull—facial skelelon 335 akull—Tacial skeleton 327 —upper large intestine
Ribs 71 Ribs 744 contents 176
Clavicles [ i Clavicles 58.3 —lower large infestine wall 127
Scapulaes 342 Scapulas 214 —lower larpe inlesline
conlents 109
Skeletal syslem—inaclive morrow 1550 Heart—walls 241
Leg bones—upper portion® 59.4 Hearl—<anlents 347
l.ez bones—middle poriion® 194 Kidneys 248
Leg bones—lower porlion® 558 Liver 1410
Arm bones—upper porlion® 40,6 Lungs E90
Arm bones—middle portion® 66,5 Ovaries E.6G
Arm bones—Ilower partion® 144 Pancreas 89,1
PPelvis 2046 Skin lapprosimate) 2130
Spine—upper portion® 791 Spleen 123
Spine— middle portion® 51.B Tesles 351
Spine= lower rrurliun* 29.5 Thymus 28.4
Bkull =crunium 508 Th}"rﬂ-iﬂ I&.0
Skull = laeial skelelon 27.5 Uripary bladder wall 359
Riks 57.4 Urinary bladder conlenls 1&0
Clavicles .46 Uicrus 79.0
Scapulae 8.2 Whole body 55,000

*The upper, middle, and lower portions of the l=g boncs and arm bones are deflined in Table 2 al Appendiz Bl
¥The upper, middle, and lower portions of the spins are delined in the section of Appendiz 81 deflining the spinz,
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values not only determine the mass of the organ from its geometric volume but also the
linear attenuation coclhcients for inleractions in the organs.

It is also important o understand that Cristy viewed the design of the phantom scries
as a geomelry problem where volume, not mass, values were of prime interest. Consider
for example, the design of a particular organ in a phantom whose mass (M) and specific
gravity or density (d) are available from ICRP Publication 23. A volume of M/d is thus
associated with the organ. Note that the value of d cited in Reference 8 for the specific
organ under consideration was used 1o denive the organ volum, a volume that Cristy refers
to as the "targeted volume” in that the design was targeted to this volume.

In the Monte Carlo calculations only three tissue densities are considered. During the
course of preparing the data for calculations for intemal emitters, it became apparent that
the density values of Snyder et al were not consistent with the design approach of Cristy.
Although these dilferences were minor, Cristy and Eckerman felt that this inconsistency
should be removed prior 10 undenaking the calculations [or the entire serics.

Cristy and Eckerman's review of the data in Reference 8 (sce text) indicated that a soft
tissue density of approximately 1.04g cm™® was representative of soft tissue organs and
that a skeletal density of 1.4 g cm™ was in good agreement with the Reference Man data,
The lung density value was not changed, other than to carry fewer significant [igures into
the calculations. These density values result in a total body density of about 1.07 gem™+,
which is in good agreement with the literature.

Too much attention to small dilferences between masses of organs in a phantom and in
the population data is not warranted. As mentioned above, the construction of the phantoms

is a volume problem; furthermore, Cristy! showed that if the design approach had been to
obtain correet (numerical value) masses at the expense of correct (numerical) volumes, the
crrors in the specific absorbed fraction would have been larger than with his approach. Thus
the approach taken is more accurate than the alternate method with a phantom having more
accurate organ masses but poorer volume descriptions. In addition, the absolute masses of
active marrow in given bones are less important than is the distribution of the marrow -
comparison of the distribution (the amount of active marrow in a given bone expressed as a
percentage of aclive marrow in the body) in Japanese adults with the Japanese adult phantom
is given in Table 2, Appendix 8-1 (the distribution for the Japanese adull given in that table
15 the same as that in the Western 15-year-old phantom).
With these caveats, organ masses are given in Table 1.
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