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AVERAGE DOSE TO AN ORGAN PER MICRQCURIE-DAY

ACCUMULATED BY A RAOIONUCLIOE IN A SOURCE ORGAN*

W. S. Snyder** ana M. R. Ford
Health Phys i cs D1vi s1on

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

The report 0RNL-50QQ (1975) was published to make the dosimetric data on

internal emitters which had been compiled by the authors over a period of some five

years more readily available for use 1n calculations of dose by health physicists.

Users of the report will still need a retention model which will enable them to

compute the uCi-days, U, accumulated 1n the various organs. However, when such a

model is given the dose equivalent from source organ Y to target organ X 1s obtained

as

DE(X + Y) = U x S(X «- Y) (rem)

where S(X «-Y) is tabulated 1n the report. The target and source organs include most

of uie organs used by ICRP in specifying the annual dose limits. Generally one will

require a SUIT, ot such terms over all the source organs contributing significantly to

dose. In principle, the new report replaces HIRD Pamphlet No, 5 (1969) but spares

the user the necessity of making detailed calculations for the many particles

occurring in most decay schemes. The present report contains a complete text on the

.thodology and 1n addition has data on 60 radionuclides. A second volume 1s in

preparation and will have data on 100 or more radionuclides and further volumes are

planned.

The dosimetric data on photons are the results of a Monte Carlo type calculation

r^Vcdon a non-homogeneous phantom having the general form of the human body but
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omitting many details, e.g., fingers, ears, nose, etc. The phantom Is composed of

three tissue types—lungs, skeletal tissue, and general soft tissue. These have

densities of approximately 0.3, 1.5, and 1 g/cm3 respectively. The skeletal tissue

includes the bone marrow and cartilage as well as bone per se and these are

homogenized and thus have a density less than that of bone. It is assumed the

skeletal tissues absorb energy In proportion to their masses. Each absorbed fraction

which 1s accepted is the result of a computation with a sample size of 60,000 photons

and had a coefficient of variation of not more than 50%. When the absorbed fractions

fail to meet the above criterion they are replaced by an absorbed fraction calculated

by use of the build-up factor for an infinite medium. Evidence is presented in the

report that these are seldom if ever in error by more than a factor of two and are

usually accurate to approximately 30%.

The design of the phantom has been changed since the publication of MIRD

Pamphlet No. 5. The legs have been separated thus providing for a more exposed

position of the testes. The top of the head has been rounded, thus removing some

excess of soft tissue. These changes are of more importance for estimation of dose

from external sources than from internal sources. In addition, distributions of red

and of yellow marrow are included and calculated results are available for these as

source and as target tissues. The skeleton has been changed to Include clavicles and

scapulae since these bones contain a fair amount of red marrow. All the Monte Carlo

values for photons are based on the use of this new phantom.

In addition to organs specifically designed in the phantom, results are given

for a number of other tissues, for example, muscle and fat neither of which are

specifically designed as a portion of the phantom. However, both are of rather

general distribution In the "other tissues" compartment which consists of what is

left of the phantom when all designated organs are removed. Results on this "other
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tissue" compartment are scaled to obtain results approximately valid for muscle and

fat. The limitations of this and other procedures used for extrapolation of the

direct results are discussed in a section of the report.

For most organs the dosimetry of beta particles, or electrons, amounts to

complete absorption of energy in the source organ. However, there are a number of

cases where source and target tissues are close enough that irradiation by electrons

outside the target tissue is considered. These include the walled organs (sections

of the gastrointestinal tract, bladder) with the source in the contents as well as

red and yellow marrow and bone which are so closely intermixed that dose from

electrons must be considered. For the walled organs, a surface dose is calculated.

However, fo> h^ source in bone and with red marrow or endosteal cells near bone

surfaces as the target the dosimetry of Spiers (1968) is used. When red or yellow

marrow is the source tissue an approximate absorbed fraction is obtained by

consideration of Spiers dosimetry. The formulas, while not highly accurate are not

expected to lead to serious difficulties for radionuclides if their decay constants

are sufficiently long that the uniform distribution assumed by Spiers is valid.

For alpha particles complete absorption of energy is assumed. However, an

exception occurs when the emitter is in the contents of the gastro-intestinal tract

in which case only one percent of the energy is assumed to apply to the crypt cells.

This follows ICRP practice. When the alpha emitter 1s in bone a factor of n=5 is

used in addition to the quality factor Q=10. The use 1s not entirely that of ICRP,

although the only exception is for the isotopes of radium. Here ICRP recommendations

indicate that if the radium isotope is the parent n=l should be used, while if the

radium isotope is a daughter n=5 should be used for its alpha radiation. Since only

one table of S values is given one must choose which prescription will be followed

and in this report n=5 1s used for all alpha emmitters 1n bone. The user can easily



make the proper correction for his case since the S values for photons, for

electrons; for alpha radiation, and for recoil nuclei are listed separately and the

total also is given.

From the listed values of S one can derive many more by addition or subtraction

and which represent dose to various portions of the body. It is pointed out that

since the value of S is always subject to some uncertainty—(e.g., use of the build-

up factor)—results obtained in this way may sometimes give absurd results. One such

example has been found and is being remedied in Volume II, now being prepared for

publication. In estimating the dose with red marrow as source and target organ the

term representing the dose from cortical bone to red marrow is included although by

itself 1t makes a small contribution to the dose. However, in some cases the other

terms cancel out and thus one needs this term to prevent acceptance of a spurious

result. Such cases have only been found when the values of S are subtracted to

correspond to restricted portions of the body (e*g,, the total body minus the

skeleton).

The authors state that they will welcome suggestions for further Improvement of

the report.
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