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Radioiodine Uptake Measurement 

MARSHALL BRUCER, M. D. t 

D URING the past decade radioiodine up­
take measurements have become a very 

popular and widely used procedure. Current­
ly the largest portion of the total number 
of shipments of radioisotopes that are made 
from Oak Ridge are radioiodine. This totals 
a little less than one curie per month. It is 
estimated that about two thirds of about 6000 
shipments per month are ultimately used for 
thyroid radioiodine uptake measurements. 
About 1800 physicians are doing thyroid 
radioiodine studies in the United States alone. 
The procedure is therefore an important one 
but its reliability has been questioned. 

At a meeting in Oak Ridge in 1953, a 
group of internists discussed the validity of 
these measurements and set up a committee 
to study the problem. This is known as the 
Thyroid Uptake Calibration Committee of 
ORINS. The committee set out initially to 
answer one question: Is there a significant 
variation in thyroid uptage measurements as 
currently perfomed throughout the world? 

Even before the surveywas complete, the ans­
wer to this question was obvious. Variation 
in thyroid uptake measurements among la­
boratories is significant. This paper is a re­
port on the survey and the extension of the 
committee's work toward a method of cali­
bration. 

There are many reasons for believing that 
measurements of thyroid uptake might show 
considerable variation. Almost every physi­
cian is using a different combination of stan­
dards, instruments, distances, techniques, and 
formulas for measuring thyroid uptake. The 
standards currently in use range from point 
sources to milk-bottle-sized containers. The 
instruments used range from Geiger-Muller 
end-window tubes hastily connected with out­
moded scalers to the newest scintillation crys­
tals on automatic scanners. When the various 
methods used for calculating thyroid uptake 
are surveyed, there should be no question 
of variation of results. The surprising thing 
is that there is any useful unanimity of opi­
nion. 

1 Chairman, The Medical Division Oak Ridke Instituteof ~uclear Studi·es Oak Ridge, Tennessee. (Under Con­
tract with the United States Atomic Energy Comission.) 
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By 1950 the National Bureau of Standards 
in the United States in cooperation with 
many other national bureaus had been able 
to calibrate a sample of iodine with a high 
degree of precision. This intercalibration was 
on the basis of purely physical techniques 
and was a laboratory procedure. The com-
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Fig. l. Comparison of the sodium iodide spectra <lf iod­
ine 131 and mock-iodine. 

mittee decided in 1954 that one of the rea­
sons for the wide variation in results was 
the lack of a similar intercalibration stan­
dard that met clinical requirements. It was 
felt that a clinical intercalibration procedure, 
which would be adaptable to all the various 
techniques in use, was necessary. Such a cli­
nical intercalibration demanded the use of 
a long-lived isotope. The short half life of 
radioactive iodine was one of the main deter­
rents to clinical intercalibration. 

A long-lived gamma emitter can be made 
to simulate the gamma-ray spectrum from 
iodine 131. This material is now called mock­
iodine and consists of the proper mixture of 
barium 13 3 and cesium 13 7. lo Fig. 1 the 
sodium iodide spectra of iodine 131 and 
mock-iodine are compared. lo this figure it 
is seen that when radioactive iodine is "view­
ed" by a sodium iodide crystal, it emits a 
number of gamma photons of different ener­
gies. An arbitrary division has been made on 
the spectrum to divide the energies emitted 
into four classifications. The X-ray energies 

are arbitrarily defined as anything under 100 
kev; the low energies are defined as those 
up to 250 kev; the medium energies are tho­
se up to 500 kev; and the high energies are 
the rest of the spectrum. The high-energy 
peak shown in the spectrum consists of two 
gamma photons that are not very important 
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Fig. 2. The results of intcrpo,ini:; succcsive layers of 
babbit metal between raw mock-l!ldme .ind the detec­

ting crystal. 

in thyroid uptake measurements because they 
contribute so little to the total number of 
counts recorded by most instruments. The 
medium-energy peaks are the most promi­
nent in the iodine spectrum. The low energy 
peak consists mostly of Compton scattered 
radiation. The peaks in the range arbitrarily 
called X-rays energies consist both of pho­
tons emitted by the iodine and scatter from 
interactions in both the instruments and the 
surroounding media. The mock-iodine spec­
trum matches this iodine spectrum remark­
ably well. The high-energy peak is slightly 
higher but this will not be picked up by 
any instruments except complex spectrome­
ters, which are seldom used for thyroid ra­
dioiodinc uptake measurements. The medium­
energy peaks show the major difference bet­
ween iodine and mock-iodine. There is too 
much of the 280 kev radiation and too lit­
tle of the 360 kev radiation in mock-iodine . 

. 11 
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Since all instruments except spectrometers 
integrate the two peaks, it has been experi­
mentally determined that the difference in 
this portion of the spectrum causes 2 to 4 
per cent difference in the comparative mea­
surement of iodine and mock-iodine by most 
instruments. In the X-ray portion of the 
spectrum there is slightly too much of the 80 
kev peak and slghtly too little of the 35 kev 
peak. This causes another 2 to 4 per cent 
difference in the comparative measurement 
of iodine and mock-iodine (which may or 
may not cancel out the medium-energy dif­
ference depending upon the instrument used). 
It has been empirically determined that in a 
wide variety of instruments, the difference 
in the measurement of iodine and mock-io­
dine is from 0 to 5 per cent 

When the mock-iodine is used in its raw 
state, both the barium 13 3 and the cesium 
13 7 contribute entirely too large a propor­
tion of the very low-energy X rays, howe­
ver, this can be corrected by partially ~hiel­
ding. the raw mock-iodine with a medium Z 
metal. Figure 2 shows the results when suc­
cessive layers of babbit metal (a tin-antimony 
mixture) are interposed between the mock­
iodine and the detecting crystal. The very low 
energies decrease very fast. The higher ener­
gies are almost unaffected. Thus when the 
correct thickness of babbit metal shields the 
mock-iodine, a compromise absorption is ob­
tained. It has been found empirically that 
a 0.82 mm thickness of babbit metal is the 
best compromise filter the raw mock-iodine. 
All the mock-iodine sources are therefore 
manufactured and used in a container made 
of babbit metal. 

Since barium 133 and cesium 137 have 
widely different half lives, the mock-iodine 
does not have a true half life. It does, howe­
ver, have a useful life about 10 years. In 
Fig. 3 the method of arriving at this useful 
life is illustrated. The ideal mixture of barium 
13 3 and cesium 13 7 has been shown to be 
10.5 units of barium 133 to 1 unit of ce­
sium 13 7. A millicurie measure is used for 

the cesium, but since the decay scheme of 
barium 133 is unknown, an arbitrary milli­
curie had to be defined for barium 133. 

The barium 13 3 decays with a half life 
of about 9.5 years. The cesium 137 decays 
with a half life of about 33 years. Neither 
of these half lives is exactly known but they 

THE PHYSICAL DECAY OF THE TWO 
ISOTOPES MAKING VP MOCK IODINE 
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FIG. 3- The methDd of arriving at the useful life of 
mock-iodine 

are approximately true. If one starts out 
with a mixture containing an excess of ba­
rium, the decay will extend through the ideal_ 
mixture and will eventually show an excess 
of cesium 13 7. Many different mixtures of 
barium and cesium were made up on an ex­
perimental basis and were empirically com­
pared with identical iodine 131 source. It 
was found that, with some kinds of instru­
mentation, when there was an excess of ba­
rium 133 (much greater than a 15 to 1 ratio) 
significant differences in the comparison of 
mock-iodine with iodine 131 began to appear. 
When the mixtures contained too little ba­
rium 13 3 (much less than a ratio of 8 barium 
133 to 1 cesium 137) variations again appea­
red in the comparison with iodine 131 with 
different kinds of instrumentation. There­
fore, an arbitrary cut-off point was made 
with a starting mixture of 13.1 to 1, which 
represented a 5-year decay period before the 
ideal mixture was reached. An expiration 
point was arbitrarily set up at a mixture of 
8.2 to 1, which represented 5 years of decay 
after the mixture had gone through the ideal 
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point. Thus the useful life of mock-iodine 
is 10 years. A 15 or 20 year period could 
easily have been set up that would meet 
the requirements, of most instrumentation. It 
is felt, however, that for calibration purposes, 

what instrumentation is used (excepting spec­
trometers) the results from measuring any 
iodine sample should be about the same as 
the result from measuring an identical mock­
iodine sample. 

THE RELATIVE PROPORTIONS OF LOW, MEDIUM AND HIGH ENERGIES IN B.1:i:i_c.1:17 MIXTURES 
MAKING UP MOCK IODINE 
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FIG. L The expected differences between iodine 131 and mock-iodine at the extremes of the accepted inter­
calibration mixture. 

the accuracy of the 10 year period should 
be in excess of the accuray that is obtainable 
with most instrumentation. 

In Fig 4 the differences that can be ex­
pected between iodine 131 and mock-iodine 
at the extremes of the accepted intercalibra­
tion mixture are shewn by dividing the spec­
trum into 4 energy regions. It is seen that 
not quite 40 per cent the total energy emit­
ted from iodine 131 is in the arbitrarily de­
fined X-ray region. There is a slightly lo­
wer percentage in the X-ray region with the 
13 . 1/1 starting mixture and there is a slight­
ly greater percentage in the 8. 2 / 1 expira­
tion mixture. About 20 per cent of the ener­
gy from iodine 131 is in the low-energy 
region. Another 40 per cent is in the me­
dium region. The mock-iodine mixtures have 
about the same distribution of energy. Only 
about 1-1/2 per cent of the distribution is 
in the high-energy region. Thus it can be 
seen that mock-iodine matches the gamma­
ray spectrum of iodine 131, and no matter 

It was necessary to suspend the mock-io­
dine in extended sources of a variety of sha­
pes in order to mimic clinical conditions. To 
do this the mock-iodine was suspended on 
an ion-exchange resin. The ion-exchange 
resin is a tissue-like, unit-density material 
that not only matches soft tissues but also 
tightly binds the isotopes so that their use, 
even when the containers are broken, is re­
latively safe. After the material was bound 
on the ion-exchange resin, it was measured 
in small lots, against samples calibrated by 
the National Bureau of Standards in a high­
pressure ionization chamber. These small lots 
of active material were then mixed with lar­
ge amounts or small amounts of inactive re­
sin to obtain a uniform dispersion of activi­
ty throughout any required volume of ma­
terial. 

The mock-iodine was then put into a ca­
libration manikin. A great deal of trouble 
was taken to math as exactly as possible a 
simulated clinical condition. The manikin 

· 1. 
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consisted of the upper half of a body that 
was completely filled with a body-back­
ground radiation. A simulated thyroid gland, 
filled with either a higher or lower amount 
of mock-iodine, was placed in the neck re­
gion. A small thigh section was included 

perthyroid simulated activities. For each type 
a 10 microcurie and a 50 microcurie total 
dose was made. The figures shown in Table 1 
are the nominal uptakes of the manikins. 
They are not the true figures. The true cali­
brations of the uptakes of these manikins 

FIG. 5. X rays of a manikin to show the shape and position of the babbit metal thyroid. 

with the manikin and also a set of nine 100 
per cent dose standards. These 100 per cent 
dose standards ranged from the size of a ge­
latin capsule to that of a 100 cc paper cup 
and very closely simulated most of the types 
of "100 per cent dose standards" that were 
used in clinical practice. 

Figure 5 shows an X ray of one of the 
completed manikins illustrating the positio­
ning of the babbit metal thyroid in the ma­
nikir.. In the survey manikins, a 25 ml vo­
lume thyroid was simulated with two lateral 
lobes and a median lobe. The simulated thy­
roid was placed in a position forward in the 
neck closely simulating the anatomical posi­
tion of the true thyroid gland. 

Six manikins were originally made for the 
survey. Nineteen manikins have now been 
made, plus one additional one for training 
purposes and two for more complex problems 
of scanning. The six survey manikins were 
divided into euthyroid, hypothyroid, and hy-

have been destroyed since it was not the pur­
pose of the survey to determine that some 
methods were correct and sowe were incor­
rect. This is a much more complex problem 
and will be taken up in the third phase of 
the calibration program. For the survey, all 
that was wanted was to determine whether 
there was or was not a variation in the way 
in which physicians measured thyroid uptake. 

Table 2 shows the results of the survey 
to date. More than 200 laboratories have 
participated in the test. The answers given 
from the laboratories ranged from an 8 per 
cent uptake to a 154 per cent uptake. Well 
over 90 per cent of the laboratories were 
more than 10 percentage points off the true 
answer. Any of the manikins could have been 
diagnosed in the laboratories in the United 
States and England as either hyperthyroid, 
hypothyroid or euthyroid. Since some of the 
best research laboratories in the United Sta­
tes and England were included in this survey, 

I'. 
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and since their results were no better than 
th.Jse laboratories in which only routine pro­
cedure are followed, the situation is one that 
is an immediate cause for concern. There is 
a reason_ for questioning much of the lite­
rature that has been published on thyroid 
uptake, but not all. Many of the articles 
concern only relative differences. Frequent­
ly, although one laboratory may have given 
an answer both laboratories would have been 
able to duplicate their own answer. Results 
in any one laboratory were usually reprodu­
cible but the error was not neecssarily con­
sistent from high uptakes to low uptakes. 

A simulated urine sample was included in 
the standards'kit. Only a portion of the la­
boratories did routine urine examinations, but 
here also the variation of results was consi­
derable. Another question that was answered 
by some of the laboratories was in the abso­
lute determination of the number of micro­
curies in the 100 per cent sample. Here the 
results were remarkably accurate. It is appa­
rent, therefore, that in most clinical labora­
tories, where they are sufficiently well equip­
ped to do absolute calibrations on a small 
sample, the results are usually accurate. 
When, however, they are asked to measure 

TABLE 1 MANIKINS 

Eu-Thyroid 

Eu-Thyroid 

Lou•-T h yroid 

Well-Type 

Scanning: 

NAME STANDARD ME TOD DOSE HALF BODY 
UPTAKE BACKGROUND 

Euphemia 65 % 50 UC 2.4 % 
Ibis 57 % 10 UC 1.5 % 

*Lulu 71 % 20 UC 2.5 % 
**Drusilla 56 % 11 UC 2.5 % 
**Hortense 62 % 50 UC 2.0 % 

Chloe 27 % 50 UC 5.0 <;a 
Moira 33 % 20 UC 3.5 % 
Ophelia 36 % 1 UC 5.0 % 
Terry Toma 38 % 100 UC (50 7o) 2.5 % 

*Abigail 42 % 100 UC (50 %) 3.0 % 
**Bridget 33 lh 11 UC 4.5 % 
**Jezebel 20 % 10 UC 3.5 % 

Grenadine 7 % 50 UC 20.0 % 
Katrinka 6 % 10 UC 15.0 % 

*Felicia 7 </o 10 UC 22.0 % 
**Nabby 12 % 20 UC 25.0 % 

Pandora (65 %) 10 UC 2.5 % 
Queenie (35 %) 10 UC 5.0 % 
Rhoda ( 9 ~,~) 10 UC 20.0 % 

(Each Well-Type manikin has has three interchangeable Thyroid glands of 50 cc, 
2 5 cc, and 15 cc volumes) 

Bonnie Boleyn - thyroid 10 uc, blood vessels 2 uc each, spinal colum 5 uc, me-
tastases 1 uc each 

Anne Boleyn - thyroid 25 uc, blood vessels 2 uc each, spinal colum 5 uc, metas­
tases 1 uc each 

* Available for one month loan 
*"' Available for six months loan 
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an extended source in a simulated clinical 
condition, most laboratories are not able to 
achieve a result that is even reasonably accu­
rate. 

It was not intended that the work of the 
Thyroid Uptake Calibration Committee be 
confined only to the determination of the 
variation in thyroid uptake measurements. 
This was only the first phase of the program. 
A second phase has been set up that is con­
cerned with the determination of why there 
was a variation and what factors influenced 
the measurement. Included in the second pha­
se is the determination of whether it is pos­
sible to set up an intercalibration program 
that could be fairly universally followed and 
would be acceptable to most workers in the 
field. The third phase of the program will 
then be to initiate an intercalibration pro­
gram. 

The determination of the causes for varia­
tion with different instrumentation has been 
a complex study. It involves such things as 
investigating the variations due to different 
detectors, counting systems, distances, filtra­
tions, size and shape of standards, variations 
in body background, scatter background, and 
a host of other causes for variance. A detai­
led explanation of t:ach of these variances 
would be too long for this paper, but an 
illustration can be given of one of the major 
causes for variation. This involves the chan­
ges in the spectrum of energies emitted from 
the body from the standards when iodine 131 
is distributed throughout an extended body. 

A point source of iodine gives off many 
gamma "photons ranging from an 80 kev to 
a 722 kev gamma photon. It gives these off 
in definite proportions. When the iodine is 
distributed in an extended source, each of 
these gamma photons has a different proba­
bility of absorption and scatter. Further, the 
higher-energy protons will tend to interact 
with the surrounding media with a Comp­
ton interaction that will cause the production 
of a spectrum of degraded energies. The very 

TABLE 2 

DISTRIBUTION OF RUSULTS OF ORINS 
THYROID UPTAKE CALIBRATION SURVEY 

First Phase ( 2 5 0 Laboratories) 

Measured '7o Hyperthyroid Hypothyroid Hypothyroid 
Uptake Manikins Manikins Manikins 

() - 10 l % () 44 ('f 
( 

I 0 - 20 0 3 % 46 Jo 
20 30 () 13 % 5 C' ,c 

30 40 2 % 57 % 2 % 
-W 50 2 % 17 % 2 % 
50 60 9 % 7 % 0 j~ 

60 70 15 % 3 % 0 

70 80 35 % 0 0 

80 90 17 % {) 0 

90 100 10 % 0 0 

100 - 110 3 % 0 0 

110 120 2 % 0 1 % 
120 - 130 2 % 0 0 

130 + % 0 

low energies will tend to interact with a pho­
toelectric absorption. 

Different measuring instruments have dif­
ferent sensitivities to different portions of 
the spectrum. A thin-walled Geiger-Muller 
tube, for example, has a very high sensiti­
vity for the lower-energy radiation and a de­
creased sensitivity for the high-energy radia­
tion. A thick-walled Geiger-Muller tube has 
a different energy-sensitivity. The energy-sen­
sitivity of a scintillation crystal will depend 
upon its size, shape, material, and the way in 
which it is canned. Even the size, shape, and 
the material of the collimating system will 
change the spectral sensitivity of the counting 
system. Therefore, a given amount of iodi­
ne 131 existing as a point source in air will 
give a different number of counts with dif­
fernt systems of detection. When this given 
amount of iodine distributed in a small ge­
latin capsule, the number of counts will chan­
ge when the gelatin capsule is put into clif­
f erent kinds of phantoms. When the iodine 
is distributed in the thyroid gland in a neck, 
it will give a still different number of counts. 
One of the methods of investigating how the 
detector will respond to these differences in 
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absorption and scatter is to look at the shape 
of the spectrum. 

Figure 6 shows the pulse-height spectrum 
from an iodine 13 1 point source. Superim po­
sed over this is the pulse-height spectrum 
from a patient's neck in which a thyroid 
gland was present. These two spectra are ar-

N• !ITll (l1Ff'f"Ft£.NTIAI.. PIJ ... S! HftGHT SPECTRUM 

_1qrmu r!l POElo!T $0\JRCE 

_PAT![fllf N(".;I( W>Tl'I f;<'r'IG: 

FIG. 6. Pulse-height spectrum of a patient's neck super­
imposed over the pulse-height spectrum from ,in iodine 
131 point s'lurce to give a first-order difference 

spectrum. 

bitrarily normalized at the 640 peak, and 
the spectrum is smoothed to show only the 
major peaks. When the point-source spec­
trum is subtracted from the extended source 
spectrum, it is possible to illustrate the dif­
ferences that have cccurred by drawing out 
wirnt can be called a first-order difference 
spectrum In (Fig 6) this differente spec­
trum shows that there is a great excess of 
low-energy raciiaticn produced in the patient's 
neck. There is some absorption of the 640 
kev peak but, it should be remembered, the 
differences that might occur in the 640 kev 
Fak dirn;~pe::ir on the graph because tht: two 
spectra have been normalized at this point. 

With the shape of this difference spec­
trum kept in mind, we can look at what hap­
pens when the size and shape of the 100 
per cent total dose standards that .ire com­
monly used is varied. Figure 7 shows the 
selection of 100 per cent total dose s:andards 
used in the survey manikin kit. These range 
from a very small capsule containing 0.4 ml 
of iodine 131 rnlution, to a paper cup con-

taining 100 ml of iodine 131 solution The 
size and shape of these nine standards clo­
sely simulate most of the standards that are 
in current use. 

The effect of the size and shape of these 
standards is shown in (Fig 8) . When a 
5 cc test-tube sample is used as the base line ·o -0 
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FIG. -., The JOO per cent total dose standards used in 
the survey manikin kit. 

for comparison, there is very little change in 
its difference spectrum and that of the large 
and small beakers and the paper cup. How­
ever, when the test-tube sample is compa­
red with a commonly used gelatin capsule 
(in two different kinds of phantoms) it is 
seen that there is a tremendous change in 
the difference spectra. It is interesting that 
none of these spectra even closely resemble 
thr: spectrum from a patient's neck. There­
fore, when one is using any of these stan­
dards in air, or even many of the very care­
fully constructed neck-shaped phantoms, one 
is not comparing the same things, and the 
100 per cent dose standard is not truly a 
standard. During the course of our investi­
gation of these spectra, we had almost rea­
ched the conclusion that a phantom for the 
patient's neck could not be designed. Recent­
ly, however, a method has been devised that 
makes it appear that such a phantom can be 
designed but that the specifications will have 
to be exceedingly strict. A number of these 
phantoms have been made for clinical trial 
by the Thyroid Uptake Calibration Commit­
tee and they now being sold commercially. 



} 

Vol. VII, xo 3-4, RADIOIODINE UPTAKE MEASUREll!ENT 137 

In order to investigate the potential accep­
tance of a calibration method, a' large series 
of instruments has been set up in Oak Ridge. 
Most of the methods of doing thyroid up­
take measurements can now be duplicated in 
Oak Ridge, and the methods of intercalibra­
tion can be tested on a fixed-geometry train­
ing table. This allows for the substitution of 
various manikins and standards in a fixed geo­
metry with three representative types of ins­
trumentation. A series of conferences has 
been held so that those who have participa­
ted in the survey can calibrate their own ins­
trumentation. 

To assit in the calibration problem a 
series of calibration kits has been desig­
ned. The calibration kits contain the long­
life mock-iodine; and when used in con­
junction with a carefully designed phantom, 
the spectrum emitted by the calibration ele­
ments will be within the range of the spec­
tra emitted by the necks of patients. Two 
simulated thyroid glands are included, one 
at 5 and one at 50 microcuries. Five mock­
testtubes with activities ranging from 50 to 

0.01 microcuries and 5 simulated capsules 
with activities ranging from 10 to 0.001 
microcuries are included. Thus, it is possible 
to intercalibrate almost all kinds of instru­
mentation from highly sensitive well-scintil­
lation counters to very insensitive thin-walled 
Geiger-Muller tube external counters. (Nar­
row-window spectrometers are always an ex­
ception when mock-iodine is used.) 

Over a two-year period Dr. Hirotakc Ka­
kehi, from Chiba University, Tokyo, Japan, 
used nineteen different kinds of thyroid up­
take measuring equipment in Oak Ridge to 
investigate the problems of thyroid uptake 
measurement. The results of this very exten­
sive investigation showed that there were a 
number of major sources of error that were 
always present in every kind of thyroid up­
take measurement. Figure 9 shows a tem­
plate that was devised to illustrate almost 
all of the methods of doing thyroid uptake. 
In every thyroid uptake measurement a pa-

FIG. 8. The first order difference spectra of various 
standards compared. 

tient is used. This patient cannot be stan­
dardized in any way; however, a selection of 
patients can afford a reasonable kind of stan­
dardization. The kinds of patient in which 
the newly divised standard technique is valid 
are only those in which the thyroid gland 
is in its usual anatomical position and in 
which the thyroid gland is of reasonable size. 
The words "usual" and "reasonable" are used 
in order to cut out of consideration sublin­
gual thyroid tissue, substernal thyroid glands, 
or metastases in the range of "vision" of the 
detector. The word "usual size" is defined as 
follows: Any thyroid gland that can be com­
pletely hidden by a 4" by 4" square thyroid 
eclipse shield is considered to be of usunl size. 

FIG. 9. Template for investigating methods of doing thy 
roid uptake and the individual sources of error contained 
therein. Reading from left to right on the upper row are 
the patient, the "B"-filter, the "A"-filter, the collimator, 
detector, and the scaler. Any method of standardization 
must include statements on hall uf these individual pie­
ces of a calibration method. 
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Well over 95 per cent of patients presen­
ting themselves to a physician for a thyroid 
uptake measurement will meet this require­
ment. In those patients where the thyroid 
tissue is spread over an area greater than 
4" by 4", the standard intercalibration tech­
nique will not be accurate. 

Almost all the methods of doing thyroid 
uptake measurements use some kind of fil­
tration. Two very different kinds have been 
used. These have been separated as follows: 
The term "A-filter" is used when a piece of 
material is purposely interposed between the 
patient and the detector but is kept in a po­
sition very close to the detector. The term 
"B-filter" (or thyroid eclipsing shield, or a 
filter in the B position) is used when a pie·· 
ce of material is interposed between the pa­
tient and the detector but is put very close 
to the patient's neck. 

Every method of doing thyroid uptake uses 
a detector, and this detector must be consi­
dered in two parts. First of all is the detector 
itself, and this can be any kind of Geiger­
Muller tube, or inonization chamber, or elec­
troscope, or gamma-ray-sensitive crystal. The 
detector is usually placed within some sort of 
shield and collimator arrangement. Some 
kind of counting signal is always attached 
to the detector. In some laboratories this may 
be a very complex spectrometer or it may be 
a simple scaling device. In some laboratories 
very simple rate meters are in use and are 
giving very acurate results. In some laborato­
ries very complex electronic systems have 
been devised and are givmg very inaccurate 
results. 

Every method of doing uptake includes 
some kind of measurement of a standard. In 
a few laboratories this standard is measured 
once for a particular instrument and the 
instrument is said to be calibrated for measu­
ring thyroid uptake directly. Usually these 
methods have ben highly inaccurate, but this 
is because the instruments themselves are in­
accurate and not because the method is ne­
cessarily a poor one. 

All the methods interpose a distance be­
tween the neck of the patient and the detec­
tor is placed on the surface of the neck it 
may be called zero distance, but there is still 
space between the tube and the source of 
activity. Measurement of distance is a most 
important part of the thyroid uptake tech­
nique. 

All the persons doing thyroid uptake 
measurements apply some sort of formula for 
calculating the final result. In order to sim­
plify the survey and for teaching thyroid 
uptake techniques, we have adopted a stan­
dard formulary to describe thyroid measu­
rements. The following system of symbols 
1s used: 

P = the measurement taken over the pa­
tient's neck with no interposed fil­
ters. 

PA= the measurement over the patient's 
neck with an "A-filter" placed very 
close to the detector. 

Pn =the measurement taken over the pa­
tient's neck with a thyroid eclipsing 
shield placed very close to the pa­
tient's neck. 

S = the measurement taken over the stan­
dard in or out of the phantom. Such 
items as the distance, the type of 
scaler, the type of detector, are listed 
as footnotes to the formula. 

Many different kinds of formulas were 
found in use during the thyroid uptake ca­
libration survey. In fact, no laboratory was 
found that was using exactly the same me­
thod as any other laboratory. A simplified 
generalization, however could be made for 
four specific kinds of formula. These are as 
follows: 

The 0 formula: 
P-RB 

TU= --­
S-RB 

In this "no-filter" formula the thyroid upta­
ke was measured without any filtration, but 
a room background measurement was made 
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and was subtracted from both the measure­
ment over the patient and the measuremnt 
over the standard. 

The A formula: 
PA-RBA 
-----

SA -RBA 
TU 

In this formula an "A-filter", usually a thin 
piece of lead, was interposed between the pa­
tient's neck and the detector but was placed 
very close to the detector. 

The B formula: TU 

In this formula a thyroid eclipsing shield 
was used. These may have been of many dif­
ferent sizes and shapes but were always pla­
ced very close to the patient's neck and usual­
ly at a distance from the detector. Here a 
measurement was taken over the patient with­
out a filter and another measurement was 
taken with the filter in place. The measure­
ment with the filter was substracted from the 
measurement without the filter. This results 
in a kind of body-background correction. 

The AB formula: TU 

This is the formula that was devised after 
extensive study. It is a method that has been 
used in very few laboratories but is the for­
mula that showed the best answers under all 

Another very common formula was used 
to measure thyroid uptake. It was a formu­
la that involved the subtraction of a thig 
measurement or of some other kind of mea­
surement to correct for body background. 
The results from laboratories using the thigh 
correction and similar results with this kind 
of a body-background correction in the ORINS 

laboratory were so exceedingly poor that this 
method has been dropped from all further 
consideration. Another method that was very 
commonly used was a very simple one in 
which no correction was made for body back­
ground or for room background. Since this 

method is so similar to the 0 formula me­
thod. it was dropped from any further con­
sideration. 

In many laboratories, very complex for­
mulas interposed factors (or even fudge fac­
tors) that sometimes resulted in very accurate 
thyroid uptake measurements. In most ins­
tances these fudge factors were valid only 
for certain kinds of patients, usually the 
very high thyroid-uptake, very low bodyback­
ground patients. In a number of instances 
very complex formulas were intimately as­
sociated with very complex and unusual de­
signs of instruments. Since these instruments 
were available to very few laboratories (and 
most persons doing thyroid uptake measure­
ment could not even dream of obtaining 
them), these complex formulas were drop­
ped from further consideration. 

With the four type-formulas applied to 
almost every kind of instrumentation under 
almost every kind of thyroid uptake circums­
tance and in many different kinds of patients, 
it was found that a generalized statement of 
error could be made. 

Among those persons who used instru­
ments in which there was a high degree of 
control of the spectrum (and this includes 
all the spectrometers and also those instru­
ments that had good discriminator control) 
the degree fo control over the spectrum ac­
counted for the lion's share of the variation 
in thyroid uptake measurements under any 
one circumstance. Where the spectrometer 
control excluded all scattered radiation, the 
results of the measurement were usually very 
good. Where the spectrometer control inclu­
ded scattered radiation, the results of the 
measurement were invariably very poor. 
About three quarters of the error could be 
accounted for on the basis of the control of 
the spectrum seen by the detector. 

Even with very good spectrometer control 
it is possible to make significant errors in 
the thyroid uptake. The most significant fac­
tor is the adoption of an improper phantom. 
One of the primary things that a phantom 
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does is to distort the spectrum of radioacti­
vi:y so that the detector sees a different kind 
of radiation from what it would see if the 
source were in free air. If the phantom dis­
torts the spectrum in a manner different from 
the way the neck distorts the spectrum, then 
the measurements of the total number of 
counts detected will be different. Therefore, 
the phantom must be designed to give off 
a spectrum similar to that of the patient's 
neck .. The misuse of phantoms and the use 
of improperly designed phantoms accoun:s 
for about one quarter of the potential error 
in those laboratories where spectrometers are 
used for thyroid uptake. 

In some laboratories formulas have been 
devised with very careful attention to detail 
so that measurements on all of their hyper­
thyroid patients are correctly calibrated to 
a reasonable answer. However, when a hypo­
thyroid patient with a high body background 
is inserted into this system of measurement, 
a very false answer is achieved. The use of 
queer and unusual formulas accounts for a 
significant portion of the error in those la­
boratories where spectrometers are used for 
thyroid uptake. 

Among those persons who used spectro­
meter it was unusual that the size, shape, or 
kind of standard caused any error. Usually 
the laboratories sufficiently advanced to use 
a spectrometer made very good calibrations 
of their standards. The only argument that 
would ensue in a laboratory using a spectro­
meter would be the argument on the estima­
te of absolute microcurie values. 

But very few laboratories used a spectro­
meter for the measurement of thyroid up­
take. Most laboratories used instruments in 
which there was no possible control over the 
spectrum seen by the instrument. In these 
laboratories the major source of error in thy­
roid uptake measurements was in the use of 
an improperly designed phantom or the use 
of no phantom at all. The phantom design 
alone accounts for the largest portion, about 
50 per cent, of the error. Even when a stan-

dard phantom is used, however, it is still pos­
sible to make considerable error in the thy­
roid uptake measurement. It would appear 
that the formula used to determine the per 
(ent uptake in the neck accounts for the next 
largest portion-about 25 per cent. With many 
instruments the size and shape of the 100 
per cent total dose standard is very impor­
tant. Those persons who used a very small 
standard, for example a gelatin capsule in 
air, invariably gave very incorrect ~rnswers. 

Those persons who used very large standards, 
for example 100 cc of water in a paper cup, 
usually gave fairly accurate answers in the 
high-thyroid, low body-background type of 
patient. They invariably, however, had very 
incorrect answers in the low-thyroid, high 
body-background type of patient. The size 
and shape of the standard appears to account 
for about 20 per cent of the error when all 
types of machines are taken into considera­
tion. 

Most of the other elements of variation 
accounted for a very small portion of the 
error in thyroid uptake measurement. For 
example, the area covered by the filters, the 
type of collimation, the distance used, the 
thickness of various filters, the materials used 
in manufacturing the filter - all of these fac­
tors were relatively minor. The distance 
factor, however, brought up a different ques­
tion. In many laboratories the most impor­
tant single source of error was the sloppiness 
with which the distance was measured. Al­
most any distance, provided it is neither too 
close nor too far from the patient, can be 
used adequately to measure thyroid uptake. 
However, the distance between the detector 
and the patient and the detector and the 
standard must be either identical or in a pre­
cisely constant ratio. This is a very critical 
measurement and is one that is not appre­
ciated by most of the technicians who are 
doing thyroid uptake measurement. During 
the survey of thyroid uptake measurments it 
was found that many laboratories did not use 
any device for determining distance. 
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To illustrate in summary form the effects 
of many of these variables in thyroid uptake 
measurement Fig. 10 shows the combination 
of all the factors. One kind of instrument was 
used, the Mediac, to measure two different 
manikins. One was a high-thyroid, low body­
background manikin; and the other was a 
low-thyroid, high body-background manikin. 
In the measurement of thyroid uptake the 
four standard formulas were used; the 0 for­
mula (without any filtration), the A formu­
la (with an "A" filter only), the B formula 
(with a thyroid eclipsing shield only), and 
the AB formula. Three different kinds of 
phantoms were used. One was the mo:.t shal­
low possible kind of phantom; and one, the 
standard phantom, was a phantom in which 
the spectrum of emission from the source 
matched the spectrum of emission from the 
patient's neck. The measurements were made 
at five different distances (from 20 to 60 
centimeters from the surface of the patient's 
neck to the surface of the detector) . It can 
be seen from this figure that when a very 
shallow phantom is used, there is a tendency 
for a very wide range of answers. When the 
too-deep phantom is used in the big-thyroid 
type of patient, all the answers are far too 
high. When a standard phantom is used, 
except where there is no filtration, usually 
a reasonably good answer is given. 

The results in the low-thyroid, high body­
background patient illustrate the value of the 
thyroid eclipsing shield or "B-filter". Even 
where the phantom is improperly designed, 
if a thyroid eclipsing shield is used, the re­
sult is within reason. 

An important question is, how accurate 
can a thyroid uptake measurement be under 
ideal conditions? In running through a very 
large series of measurements on many dif­
ferent instruments and many different ma­
nikins, it was found that with exceptionally 
stable equipment it is possible to measure 
the thyroid uptake within about 3 percen­
tages point of accuracy. If the thyroid uptake 
is close to 90 per cent, then this is a very 

small errorr. It was found that the actual 
amount of error was highly related to the 
thyroid uptake, and therefore the error is 
given in percentage points of uptake rather 
than in per cent error. This 3 percentage 
points of accuracy, however, is possible only 

TUC-RANK ORDER IMPORTANCE 

A 

WITH 
SPECTROMETER 

CONTROL 

The spectrum 
The phantom 
The formula 
The standard 

80 'Ir 
20 % 
10 '7r 

(for absolute values only) 

* Df' l'Pfl:-:iOTIHhiP 

B 

WITHOUT 
SPECTROMETER 

CONTROL 

The phantom 
The formula 
The standard 
The filter area* 

50 % 
25 % 
20 r;,, 

2 rx, 
The collimation* 2 % 
The distance* 1 % 
The filter thickness~· 1 '7r 

MC~:; ~tiALLOW . GOO_D ___ • -- ---OlE-;;-----
FHAN roM ·A PLiANTC'~· . 

·;~ 

Hi-thyr()id. lo-boadybc1Ckgrnm1d pr1limt 

AND FORMULA HAVE BEEN STANDARDIZED 
DISTANCE, PHANTOM, STANDARD, FILTERS 

Lo-Thyroid, Hi-Bodybc1ckgrom1d patimt 

FIG. Hl. Su111111ary of the effects nf many variables in 
thyroid uptake measurement. 

under ideal conditions of artif ical manikins 
and easily controlled geometry. When pa­
tients are used, this accuracy cannot be achie­
ved. It would appear however, that with 
any instruments and with any kind of pa­
tient it is possible to achieve well within 10 
percentage points of accuracy and probably, 
if care is taken, 5 percentage points of ac-
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curacy, if the AB formula and a properly 
designed phantom are used. It is felt that 
this -+ 5 percentage points of accuracy in the 
thyroid uptake measurement is sufficient for 
all clinical conditions. A standardized tech­
nique is therefore recommended for all rou­
tine thyroid uptake measurements. This stan­
dardized technique is the measurement of 
thyroid uptake with the AB formula system 
and a standard phantom at a distance of 10 
inches. With any instrumentation it is pos­
sible to measure thyroid uptake within -+- 5 
percentage points of the correct figure in a 
patient with any thyroid uptake and with 
any body background Two restrictions are 
put on this statement: the thyroid must be 
eclipsed by a 4" by 4" "B-filter" and must 
be in a known position. 

It should be noted here that the calibra­
tion program is so far concerned only with 
the physical measurements. When the art of 
measuring the radioiodine acfryity in the thy­
roid gland has progressed to the point where 
physicians all over the world are talking the 
same physical language, then it will be ne­
cessary to extend the investigations to the 
much more . difficult problem of the biolo­
gical sources of error. Eventually, there will 
have to be considered the more serious pro­
blem of the clinical interpretation of thyroid 
uptake measurements. 

SUMMARY 

This paper is a report on the survey and 
the extension of the work carried out by 
the Thyroid Radioiodine Uptake Calibration 
Committee of the Oak Ridge Institute of 
Nuclear Studies toward a method of cali­
~ration. 

The variation in thyroid uptake measure­
ments among laboratories is significant be­
cause of the use of different combination 
of standards, instruments, distances, techni­
ques and formulas. 

It was felt that a clinical intercalibration 

procedure adaptable to all the various techni­
ques m use was necessary. 

The program of the Committee presented 
three phases: 

1 ) Determination of the variation in thy­
roid radioiodine uptake measurement. 

2) Determination of why there was a va­
riation, of what factors influenced the 
measurements and of whether it is 
possible to set up an intercalibration 
program that could be fairly univer­
sally followed and would be accepta­
ble to most workers in the field. 

3) To initiate an intercalibration program 
for the Radioiodine Uptake Measure­
ment. 

RESUMEN 

Se presenta un informe de la revision y 
extension del trabajo realizado por la Comi­
sion del Instituto de Estudios Nucleares de 
Oak Ridge para la Medicion de la Capta­
cion Tiroidea del Y odo Radioactivo. 

La variacion existente entre las medidas 
obtenidas por diferentes laboratorios es nota­
ble, debido al empleo de distinta combina­
cion de 'standards', instrumentos, distancias, 
tecnicas y formulas. 

Se sinti6 la necesidad de hallar un proce­
dimiento clinico de calibracion adaptable a 
todas las tecnicas en uso. 

El programa de la Comisi6n tenia tres 
fases: 

1 ) Determinacion de la variacion en la 
medicion de la captacion tiroidea del 
yodo radioactivo. 

2) Determinacion de las causas de la va­
riacion, que factores influenciaban es­
tas mediciones y la posibilidad de esta­
blecer un programa de calibracion que 
pueda ser aplicado lo mas universal­
mente posible y que sea aceptable para 
la mayoria de los que trabajan en este 
cam po. 
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j) Iniciar un programa de intercalibra­
cion de la captaci6n rir6idea del yodo 
radioactivo. 

RESUMO 

Apresenta-se um inf6rme da revisao e ex­
tensao do trabalho realizado pela Commi­
ssao do Instituto de Estudos Nucleares de Oak 
Ridge de Medi<;ao da Capta<;ao TinSidea de 
Iodine em busca de um mctodo exacto dei 
medi<;ao. 

A varia<;ao existente entre as medidas ob­
tidas por diferentes laboratorios e notavel, 
devido ao emprego de diferente combina<;ao 
de 'standards', instrumentos, distancias, tec­
nicas e formulas. 

Sentio-se a necessidade de encontrar um 
procedimiento clinico de calibra<;ao adapta­
vel a todas as tecnicas em uso. 

0 programa da Commissao tinha tres fa­
ses: 

' 
1 ) Determina<;ao da varia<;ao na medi<;ao 

da capta<;ao tir6idea de radioiodine. 
2) Determina<;ao das causas desta varia­

<;ao, fatores que influenciavan estas me­
di<;6es e a possibilidade de estabelecer 
um programa de calibra<;ao que possa 
ser aplicado o mais universalmente pos­
sivel e que seja aceitavel para a maio­
ria dos que trabalham neste campo. 

3) Iniciar um programa de intercalibra­
<;ao da capta<;ao tir6idea de iodine. 

M. Brucer, M. D. 
Oak Ridge Inst. of Nuclear Studies 
P.O. Box 117, Oak Ridge, Tennessee. 

RESUME 

On presente un ·rapport de la rev1s1on et 
de !'extension du travail realise par la Com­
mission de Mesure de Captation Tyro:idienne 
de iodine de l'Institut d'Etudes Nucleaires de 
Oak Ridge, a la recherche d'une methode 
exacte de inesure. 

La difference existente entre les mesures 
obtenues par les differents laboratoires est 
considerable a cause de l'emploi d'une com­
binaison differente de "standards", d'instru­
ments, de distances, de techniques et de for­
mules. 

On eprouva le besoin de trouver un pro­
cedc clinique de calibration, adaptable a tou­
tes les techniques en usage. 

Le programme de la Commission avait 
trois phases: 

1 ) Determination de la variation dans la 
mesure de la captation tyro:idienne de 
iodine. 

2) Determination des causes de cette va­
riation, facteurs qui agissent sur ces 
mesures et possibilite d'etablir un pro­
grame de calibration susceptible d'etre 
universellement applique et acceptable 
pour la majorite de ceux qui trnvail­
lent dans ce domaine. 

3) lnitation d'un programme d'intercali­
bration de la captation tyroi:dienne de 
iodine. 

15 
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Two Ways to Estimate 
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FIG. 1. Approximate ratio of infinity dose to thyroid from short-lived radio­
iodine isotopes and 11 31 for case of single intake. See Table 2 for sample 
calculation of these curves 

Thyroid Dose from 
Radioiodine in Fallout 

CALCULATING RADIATION DOSE from 
fallout presents unique problems. One 
of these is how to estimate thyroid 
dose from intake of the radioisotopes 
of iodine found in fallout material. 
Because of uncertainties in the relevant 
variables, the calculations cannot be 
made with the precision that is possible 
in a laboratory or clinical situation. 
However, it is often essential to make 
such estimates, even though admittedly 
based on limited data. 

There is disagreement as to the 
principal mode of entry into the body 
of the radioactive I contained in fall­
out, i.e., inhalation or ingestion. For 
low-yield detonations, such as in 
Nevada, relatively higher concentra­
tions of fallout material are found in the 
air for only a matter of a few hours 
with essentially all of calculated intake 
by inhalation completed within 24 
hours for nearby communities. 

When the detonations occur at 

38 

the Pacific proving ground the ac­
tivity in the air may persist for some­
what longer times in the U. S. Thus, 
for relatively early, short exposures 
the amount of intake by inhalation 
may be comparable to that by inges­
tion. However, if one considers nor­
mal ingestion for a continuing period, 
it would appear this is by far the 
dominant factor. This is especially 
true for grazing animals. In fact, 
field experiments near the Nevada 
test site showed there was little I in 
the thyroid of rabbits, who were re­
strained so that they could not ingest 
any material but could continue to 
inhale during and after fallout. 

The problem of dosage calculations 
is complicated by the presence, at 
early times after detonation, of short­
lived I isotopes in ad"dition to !131 and 
by tellurium precursors fur several. 

The general approach given below 
for these problems is to calculate the 

dose from 1131 and it;; prerursors and 
then add to this the contribution from 
the short-lived isotopes of I and their 
precursors. Due to relative abund­
ance or short half-lives the only iso­
topes of concern here are: 1131 , fl32, paa, 
pa•, Te1a1m, Te1a1, Te1a2, and Te1aa. 
Their properties are given in Table 1. 

Calculating Dose 
The precise calculation of !131 intake 

to the thyroid is difficult because of 

a. Uncertainties of the percentage 
of intake into body that reaches 
the thyroid. 

b. The tellurium precursors that re­
sult in the absolute activity of 
the !1 31 in the environment re­
maining roughly constant for 
about a day followed by a period 
of increasing decay rate until the 
precursors no longer play a signifi­
cant role and the decay rate 
then becomes that of 1131 • 
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FIG. 2. Approximate infinity dose to thyroid from 
single intake of the 11 31 and its tellurium precursors 
from 10,000 fissions. This figure is used with Table 
3 in the preparation of Fig. 3 

FIG. 3. Approximate relative infinity dose to thyroid from short-lived I 
isotopes and 1131 for case of prolonged intake. See Table 3 for sample 
calculation of these curves 

When ingestion or inhalation of radioactive fallout material occurs, 

it is important to be able to estimate the dose received. 

Here,· for the case of radioiodine, is a procedure for determining 

the thyroid dose given present activity or initial intake 

c. The intake, along with the !131 , 

of Te131m, a part of which will 
disintegrate within the body to 
pa1. 

To estimate the original rate of in­
take of !131 from a known activity in 
the thyroid at a later date, one can 
extrapolate according to the physical 

TABLE 1-lsotopes Important to Thyroid Uptake 

Mass number 

131 

132 
133 
134 

135 

51 
(Sb) 

52 
(Te) 

30 hr 

t 

Atomic number 

53 
(I) 

54 
(Xe) 

25 min -> 8. 0 day -> stable 
~5 min -> 77 hr -> 2. 4 hr -> stable 

55 
(Cs) 

<10 min-> 60 min-> 21 hr -> 5.3 day-> stable 
< 10 min -> 43 min -> 50. 8 min -> stable 

15.3 min (~103) 

/' 
< 1 min -> 6 . 7 hr 

"',. 
9. 2 hr-> 2. 1 X 106 yr -> stable 
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and biological decays of !131 only. 
This method ignores intake factor b 
and thus overestimates the original 
intake; it also ignores factor c and 
thus underestimateJ the original in­
take. The extent to which these 
affect the answer depends upon time 
of original intake after detonation and 
the duration of intake. However, esti­
mates of the effects of ignoring these 
two factors indicate that the over-all 
error would not be any greater than 
other inherent uncertainties. 

The exact steps are given in the 
following sections. The symbols are de­
fined at the head of page 40. Two 
examples are given on pages 40 and 41. 

1. Initial rate of intake of 1131, R 0• 

Assume that the rate of intake de­
creases according to the physical clecay 
of the isotope. Then activity in the 
thyroid changes with time thusly 

dA dt = Roe-~" - (A, + Ab)A 
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Symbols Used 
A = A(t) = activity in. thyroid 

(µc/gm) 
Ro = initial rate of intake of thy­

roidal !1 31 (µc/gm/day) 
Ar = radiological (physical) decay 

constant 
Ab = biological decay constant 

t = time 

E = average energy of beta par­
ticles (Mev) 

K = 55 RoE (a constant) 
D, = infinity dose (reps) to thy­

roid from single I intake 
D1 = total infinity dose (rep) to 

thyroid from continual in­
take from t = 0 to t = oo • 

TABLE 2-Sample Calculations for Figure 1 

A B c D E F G II 
]{umber of Atoms of ·iodine Average Jf ax. rel. 

Half- A_ctfrily'' atoms present reaching beta energies Ratio~ 

Radio- life (dpm/ 10,0UO per JU,000 thyroid per energy to thyroid JShor• En erv y 

isotope (hr) fissions) fissions 10,f)()() fissions (Jfev) (EX F)' 1 131 Energy 

J13l 192 0.014 230 5- -d I.() 0.20 11. 5 
Te 131 30 0.01\J 49.4 9.9' 0.20 1.9 
Te1a1m 0.42 1. 5 54.3 13.61 0.20 2.7 
J132 2.4 0.026 5.4 0.3° 0.52 0.16 0.01 
Te1a2 77 0.056 374 ll.2h 0.52 5.8 0.36 
J133 21 0.14 255 48.5' 0.45 21.8 1.35 
Teiaa 2.6 226 43.01 0.45 19.4 1.20 
I 13• 6 -·' 0.88 512 61. (j< 0.30 18.5 1.15 
!(all short-lived) ~4.07 

•Based on Hunter and Ballou tables (1). 
b The biological fate of the isotopes of iodine is the same. Thus, the same propor­

tions of the total number of atoms of each are taken into the thyroid and then elimi­
nated according to the biological characteristics of the animal. The loss of an atom 
of a short-lived isotope means a greater loss of energy to the thyroid than does the 
loss of an 1131. However, it is to be expected that the biological half-life of animal 
thyroids will be much greater than the radiological half-life of even the longest short­
lived radioiodine isotope (11 33 with 21-hr half-life) so that essentially all of these ener­
gies will be delivered to the thyroid. For cases where the biological decay constant, 
hi,, is significantly large compared with the radiological decay constant, hr of I 131, 

(0.0036 hr-1), then the values for energies of 11 31 (including Te 131 and Te 131m precursors) 
given in column G should be multiplied by the factor h,/(hr + A,) and likewise the 
values for the relative energies in column H for the short-lived isotopes should be 
multiplied by the factor (hr + h•) /hr. 

c All of the iodine atoms reaching the thyroid will disintegrate there. Corrections 
may be necessary according to footnote b. 

d 25 % of the 11 31 atoms taken into the blood reach the thyroid. 
• 20 3 of Tc 131 '" taken into the body reaches the thyroid, i.e., about 80 3 would 

have disintegrated to Te 131 while in the gut of which all disintegrates to pa1 of which 
25 3 rea<"hes the thyroid. 

I All of the Te 131 atoms taken into the body will disintegrate to pai of which 25% 
will reach the thyroid. 

• 6 % of the I 132 taken into the body reaches the thyroid. The biological half-life 
of I in the blood of humans may be about 7 hr (2). According to available data 
to date (3) the biological half-life of I in the blood of sheep may be 10-12 hr for the 
first day, followed by a flattening out of the curve. The proportion of activity reach­
ing the thyroid may be estimated as J;!hB/(hB + h,). The values in Table 1 are 
based on human data (7-hr biological half-life of iodine in the blood). These also 
give approximate values for sheep. Assuming a biological half-life of iodine in the 
blood of sheep of 11 hours over a period of 22 hours only, the ratios given in Fig. 1 
diffrr for Rheep as follows: 11 32, about 303 too high; 1133, 10% too low; 11a•, 103 too 
low. The ratio of doses from individual short-lived iodine isotopes indicated in 
Fig. 1 suggests that the ratio of the total short-lived isotopes to 11 31 may be under­
estimated for sheep by a few per cent in the early times after detonation. At later 
times the 1'32 contribution predominates, but also the ratio of infinity doses from the 
total Rhort-lived isotopes to 1131 has decreased significantly. Thus, the method sug­
gested here may givP a fair approximation of the total infinity doses for sheep. 

h 33 of thP Te 132 intake reaches the thyroid as 1132, i.e., 50% would disintegrate 
to I 132 while in the gut of which 6 3 will be deposited in the thyroid per footnote g. 

i l!l 3 of the 1133 taken in to the body will be deposited in the thyroid; 25 % would 
be deposited normally, but about 25% of these atoms will decay before deposition•. 

; All of the Te 133 taken in "·ill disintegrate into l' 33 while within the body of which 
19 3 will reach the thyroid according to footnote i. 

k 123 of the 1'35 intake will be deposited in the thyroid; 253 would be deposited 
normally, but about 50% will decay before deposition according to footnote g. 
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This has the solution 

A. = Re (e->-r1 - e-(>.,+A•l') (1) 
Xi; 

Thus, analyzing the thyroid for its 
psi activity, A, at any time, t, one can 
figure back to the initial rate of intake, 

Ro. 
2. Infinity 11 31 dose. The dose to 

infinity from P 31 intake on the first day 

is 

D. = K Jo"' e-cx.+x,)i dt 

= K/('/I., + ,\b) 

The infinity dose from a continuing 
intake that decreases according to the 
radiological decay is then given by 

D, = K/,\r + Ab !o"' c>.,i dt 

D, = K/(,\r + Ab)Ar (2) 

3. Doses from short-lived isotopes. 
The additional dose to the thyroid 
from short-lived isotopes of iodine re­
sulting from a single intake is sum­
marized in Fig. l. A sample of the 
calculations used to construct Fig. l is 
gi\·en in Table 2 at left. 

In the case of grazing animals, how­
ever, the period of intake may start at 
different times after detonation and 
extend for varying periods of time. 
An estimation of additional doses to 
the thyroid from short-lived isotopes 
of iodine under these conditions is sum­
marized in Fig. 3. A sample of the 
calculations use<l to construct Fig. 3 is 
given in Table 3. 

Example: Sheep Ingestion 
About 3~~ hours after the nuclear 

detonation at the Nevaca Test Site 
on .\lay 19, 1953, fallout occurred in 
an area around Cedar City, Utah, 
where sheep were grazing. On June 
15 some of these sheep were sacrificed 
and on July 8 the psi concentrations 
were measured in specimens of their 
thyroids. The highest measured psi 
concentrations on July 8 were about 
5 X 10-2 µc/gm (c.f. 3). ·what might 
have been the total radiation dose to 
the thyroids of these sheep from all of 
the isotopes of radioiodine? 

First calculate the psi dose, then the 
dose from short-lived isotopes. De­
termine the initial rate of intake of 
psi activity per gram, Ro from Eq. 1 

A = (Ro/Ab)[e-X,1 - e-cx,+x,l1] 

In this case Ab = 0.37 µc/gm when 
sacrificed June 15. 
(Working back 
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Thus 

from July 8 meas­
urement.) 

t = 2i days (:\fay 19-
J une 15) 

,\, = 0.08GG rlay- 1 

,\b.= 0.020-! day- 1* 

R O 37 - __ o_ [e-rn.osGri,2; _ e-tn.101J27] 
.. - 0.020-! 

Ro = 0.189 µc/gram/day. 

Now we determine the infinity 113! 
dose using Eq. 2. 

D,"' = K/,\,(,\, + ,\b) 

where: K = .')5 RoE = 55(0.189) (0.2) 
= 2.08 
Thus D100 = 22-! reps is the infinity !1 31 

dose. 
To estimate the dose from short­

lived isotopes of I enter Fig. 3 with 
these parameters: 

start of intake = 3.;) hr 
duration of intake = infinity. 

The graph indirates a ratio of approxi­
mately 0.-!5. 

But this is uncorrected for biological 
decay, i.e., it is based on the assump­
tion that the biological decay constant 
for the thyroid is significantly lec:s 
than the physical decay constant. It 
is necessary to correct this ratio ll\· 
multiplying by the foctort 

(,\, + ,\0) ,\, 

0.-!S X 1.2-! 
1.2-1. 
() .. 'j;)i 

The infinitY do'e to the thyroid 
from short-li\'cd isotopes of iodine is 
this fraction of the I1'1 dose 

22-1 X 0 .. ).ii = 12.i rep. 

Thus the total infinite dose is 22 l ..:... 

125 ."' 3.'SO rep. 
This is not Pomidered 'langerouo. 

Experimental studies \\'ith sheep at 
Hanford Aton1iP Prndu('h Operation 
suggest that about Hl,000 reps are re­
quired to produre minimal ('hanges in 
the thyroid eellubr ,trudun· and 
about 50,000 reps to produce definite 
ceil damage and hypoth:.-roidi-m. 
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EXAMPLE: Human Inhalation 

On ::\lay 19, 1953 the highest concentration of activity in the air due to 
fallout that has ever been recorded in the U. S., outside the ::\e\·ada Test 
:-lite, occurred at St. George, Utah. It amounted to about 1.3 µc/m 3 

averaged over 24 hours. The total radiation dose to the thvroids of the 
people at St. George from inhalation of the isotopes of I is est-imated to be 
O.:mz rep as shown in the following tabular calculation. 

Estimate of Radiation Doses to Thyroid of Humans From Inhalation 

Fission-
Time Auera(Je product Fraction Added dose 
':/Irr fission- activity of fission Jt:11 activity lnfmity J1a1 from short-

df'/orui- product orioi'nallu produC't reaching dose to lived I Total 
//,)!/ artivity retained ~hat is J131b thyroid thyroid isotopestt infinity dose 
(Irr} (µr/meter3) (µc)" o;; (milliµc) (rep)d (rep) ("<p) 

2-7 4.0 12 .4 0.16 5.00 0.0304 0.121 0.155 
7-10 2.3 4.3 0.35 3.77 0.0230 0.074 0.097 

10-14 0.62 1.56 0.47 1.80 0.0110 0.030 0.041 
11-18 0.043 0.104 0.7 0.19 0.0012 0. 00:3 0.004 
18-:rn 0.014 0.105 1.1 0.29 0.0018 0.00:3 0.005 

Tota 0.302 rep 

"Based on 0.83-meter3/hr air intake and assuming that 7S3 of the actiYit>- will be 
initially retained either in the lungs or find its way into the gastrointestinal tract. 

b Based on assumption that 753 of initial intake of both Te precursors of l1J 1 will 
remain within body until decayed to l1 31• 

'Assuming 25 % of initial retention of l1 31 (either in lungs or gastrointPstinal tract) 
r<0aelws the thyroid. 

" Initial dost~ rate = (5.5) (0.2) (µc of !1 31 per gram of tissue) in reps per day. Infinite 
closP =Initial dose rate/(/\,+/\,). 

'From Fig. l. :\Iultiply these ratios by (/\,+/\,,)//\,for !1 31 in man. 

TABLE 3-Sample Calculations for Figure 3 

B c D E F G 

Ratio of total energies 
Rel afire mean Relatfre /8'1ort [131 for infi_nite 

Pr' ind.~ 11/ [:~ 1 ene1·0.11 J!ean of enerrm C11mulati1•e thyroid dose intake /mm 
intnk" intake X Cumulnfi,.e ratws of [Sliort JS~orc 1st hour to end of period 

(!,nun nftrr hour:-; i11 [131 erif'T(/!I enerqies (Columns enerq1e.~ indirated 
dl'/onati1111) periud'1 intake JSlrnrt f!Hh BX DJ intak( (Colttmn F -;-- C)e 

1-11 mo 160 3.ti 57~1 57~-) 3.6 
11-21 158 318 2 '::> 364 n:)~~ 2.!l5 
21-:n 150 468 1 . (i 240 1, l 7'l 2.52 
:31--H 14(\ 614 1. ;.; 190 l ,:lti\l 2. 2:l 
41-51 140 754 1. () 140 l,,'iO\I 2.0 
51-Gl 1:~5 889 0.84 115 1,024 I .83 
Gl-71 1:30 I ,Orn 0.10 91 l.il5 l. li8 
11-81 125 1,1-!4 0.5.5 G!l 1,784 1 ';'j() 
81-!ll 120 l,2li-J. o.rn 5.'l 1,8:)\1 I. 45 
\11-101 115 l,:l7\) () .-10 4li 1,880 l. :17 

101-:WL \120 2,2()\1 0.20 184 2,0G!I 0.'100 
201--:HJI ti50 2.!l-!!l 0.08 02 2.121 0.il8 
:301 !01 4i0 :urn 0.042 1\1 2,1-HI O.ti2ti 
40Hi01 GOO 4,o1 \) U.02 12 2.152 0' ;);~;°) 
(i(l 1-801 280 4,2\l\} 0.00\15 :) 2,100 0.500 
8U 1-1,001 140 .L-J:)\J 1).00.5 1 2, t.~ti 0.-18-! 

' Ba,ed on Fig. 2. 
; From Fig. l: 
'This is 1rnrn1Tl'Ctecl tor biological decay as clesnihed in footnr,te /, Tal_ile 1. For 

l'ases \\'here biological clt>cay in the thyroid is signifi<-ant furl"', rnlllt1ply la't 1·ol11mn 
G IJ,· the far·tor (:\, + :\f) //\,. 
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No. SO-Isotope Calculations 

Activity and Thyroid Dose 
from Radioiodines 
by RONALD L. KATHREN, Lawrence Radiation Laboratory, Livermore, Calif. 

RADIOIODINES ARE PRODUCED both directly from fission and 
as daughters of other fission nuclides. Thus the fraction of 
total iodine activity contributed by a given iodine nuclide 
will change with time. Since the total energy release and 
specific activity differ for each fission radioiodine, it is 
important to know the proportions of these nuclides so that 
biological hazards can be assessed more accurately. 

The figure provides the means of determining the relative 
activity of the various fission radioiodines as a function of 
time after fission. The curves are based on thermal fission 
of U236 and are plotted from data given by Bolles and Ballou 
(1). Several individual points on each curve were confirmed 
by calculations based on the fission-product yield data of 
Katcoff (2). Because of the short half-lives of I1 3L P 40 and 
their precursors, they are not included in the figure. Simi­
larly I128-I1 30 are excluded because of their low fission yields. 

The relative dose contribution can be determined by 
multiplying the relative activity by the dose constant for the 
nuclide under consideration. This dose constant R, ex­
pressed in terms of the total integrated thyroid dose in 
rads/ µc uptake, is determined by the expression derived 
below and based on the body· burden equations of the Inter- RELATIVE ACTIVITY from radioiodines following Assion of um 
national Commission on Radiation Protection (3, 4): 

or, as t ~ oo, 

R la
t k1k2E _,_

1 
d 

= --e t 
o kam 

R = k1k2E (1 _ r"t) 
kamf.. 

R = k1k2E 
kamf.. 

in which k1 is a constant equal to 1.33 X 108 disintegrations/ 
hr/ µc, k 2 is a constant equal to 1.6 X 10-6 ergs/Mev, k3 is a 
constant equal to 100 ergs/gm/rad, E is the effective ab­
sorbed energy per disintegration in Mev, mis the mass of the 
critical organ in gm, /... is the effective decay constant in 
reciprocal hours and t is th!) time in hours after deposition. 

This equation simplifies to R = 0.15 ET, in which Tis the 
half-life in hours. Values for E, m and Tare given by the 
International Commission on Radiation Protection (3). 
The total integrated thyroid doses in rad/ µc of uptake can 
be calculated and are: 

60 

l'31 : 6.3 rads 
! 132 : 0.23 rad 
l' 33 : 1.8 rads 
l'34 : 0.11 rad 
1'35 : 0.54 rad 

This data can be used to determine maximum permissible 
concentrations for mixtures of gaseous-fission iodines and 
thyroid doses following inhalation or ingestion. The method 
can also be used to determine the isotopic proportions of the 
various radioiodines from fallout in milk and other foods. 
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