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ABSTRACT 

Thyroids from cattle slaughtered in the San Francisco Bay Area were 
collected from February until September 1955 and followed for rad10activity. 

A period of elevated radioactivity was noted, which lasted from the 
end of March until the end of July. 

The total maximum beta-ray dose from the elevated activity during 
this time was approximately 1 rep. This was a maximum, not the average, 
dose delivered to the thyroid tissue of the cattle studied. 

Evidence is presented which appears to indicate that the radioactivity 
was taken into the body of cattle through the food. 
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INTRODUCTION 

The thyroid gland presents an extremely r-ensit1ve mon1t.orir.g de-.·i.cc
for detecting the presence of one of tJ-.. e nwst abundant products of nuc~ear 
fission. This gland concentrates a large propprtion of trle 10dwe 1ntakc o:' 
the body in a very small volume of tissue. 1 1 )~ is near the top of the 
flss10n-yield curve, and since it has a relatively short half i.1fe the _;-13~ 
radioactivity is very high in the mixed products of nuclear flssion. This, 
combined with the ab1iity of the thyroid to concentrate 10dide 10n, make:3 
I13l readily detectable ?-S a nearly pure rad10isotope in the thyro1d gland 
within a short tirne after animals come in contact with m1xed fission 
products. 1 

The thyroid glands of cattle from several sources ~rere studied 
throughout the 1955 nuclear tests in Nevada and for a period of six montr.s 
thereafter. Previo~s __ st,rdies from thu; laboratory have been reported b'r 
G-unther and Jones. 'j, · 
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METHODS 

Thyroid samples from cattle were obta'.ned from slaugl-.ter houses in 
and Ct.round the San Francisco Bay Area. The anima~s were raised ior the 
most part within a 100-mile radius of San Franci2co, but a few groups of 
animals were shipped 1nto th1s area from Idaho and Utah. In all cases the 
tisr:ues were prepared for counting with;.n 24 hours after the death of the 
animal. In samples obtained between February 3 and March 7 the t1 s sues 
were placed in the bottoms of 50-milliliter beaker& which were centered 
over a sodium iodide crystal scintillator. This crystal had a background of 
app;:nx:mately 70 counts per minute. With th1s geometry 1 millim1crocurie 
of I i3l counted 3 34 counts per minute above background. Beginmng on March 
-

1
, in order to increase the efficiency of counting and to make the geometry 

rnore readily reproducible, two well-type scintUlation counters were Ui'ed. 
One millimicrocurie of rl3l counted 479 counts per minute above backgrot.;nd 
on one of these and 56 1 counts above background on the oth.er (backgrounds 
were approximately 60 and 70 respectively}. In all except a few samples 
obtained in February the samples were counted for a minimum of 160 0 counL'O. 
The root-mean- square counting error for the sample plus background was 
therefore no greater than 2. 5o/o. For use in the well counters, tissues were 
chopped in small pieces and placed in 2-dram via1s (6 to 7 ml), the level of 
tissue in the vials being brought up to a point even with the top of tt.e we:~L 
The amount of tis sue in each viai was accurately weighed. The samp:e s 
ranged in weight from 3. 5 to 4. 5 grams, depending on how tightly the tissue 
packed. Usually about half a lobe of the thyroid gland was used, and an 
effort was made to have the sample that was counted represent both the middle 
and outer areas of the lobe. 

It was found that neck muscle samples, prepared and counted ln the 
same manner as thyroid samples, counted a few counts above background, 
and that this slight activity did not measurably cLange with time. In order 
to ascertain whether or not this activity could be due to the pota~sium content 
of the tissue, a solution was made up to contain the same pota"!Slum concen
tration as that of muscle.5 When the raioactivity of this "'oiution was deter
mined it was found to be approx1mately the same as that of the mu-3 c ~e Farnple ':'. 
While this does not prove that the slight radioactivity found ir:, the rr,u.:::cle 
samples was due to natural potaf'!Slum, it certainly strongly suggeet~,; tha.t it 
was. 

RESULTS 

Figure 1 is a linear plot of the radioactivity per gram of thyroid tissue 
as a function of the date of death of the animal. The act1vity was cakui.ated 
as millimicrocuries of r131. In the preparation of the data for thi£ graph it 
was assumed that the thyroid potassium concentration wan probably about; the 
same as m~scle potassium concentration. Thereforea neck muscle sample 
from each animal (with the exception of three groups of animals collected 1n 
February) was counted and used as a background sample for the ttyr01d 
counts. This muscle background was subtracted before correcting the samples 
for decay (time of counting to time of death).. Samples plotted in the o.rea of 
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Fig. J. Linl·ar plot of radJOoctivi.ty per grom of thyroid 
tissue as a function of date of dt·at.h of the anirnal. 1hc 
radioactivity is expressed as rnillimicrocurit:s of 11- 1 

Neck muscle tissu<~ was used as background. Th'' arrov:s 
i-lt the· top of the· figure indica[(' thl' datt•s of vxplosion of 
nuclear dc\·iccs. The heav1er orrow on March .?.9 indicates 
t-...,·o explosions on th, s;trnt· date. Th..:-sv data in<'lude a 
sn1all n\llnbcr of animals ra1seo in IJaho and Utah as well 
as those raised in Californi .. J (th•:se arv ::;l'p.trati·d in F'igs. 
4 and 5). 
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the figure below zero had either the same amount of radioactivity as muscle 
or slightly less. Arrows at the top of the graph wdicate the dates of explo
sion of nuclear devices in Nevada. 

Because of the possible influence that rainfall might have on fallout 
experiments, the rainfall data for the period and area being considered are 
represented in Fig. 2. 

All samples were followed for radioactive decay. A few examples 
are illustrated in Fig. 3. These have been selected to show the character
istics of the decay curves obtained from samples with widely varying initial 
amounts of radioactivity. They are plotted with only counter background 
subtracted, therefore they include any natural potassium radioactivity 
present. 

In Fig. 4 the thyroid radioactivity data are plotted on a logarithmic 
scale as a function of the date of death of the animals. Since zero and neg
ative values cannot be indicated on a logarithmic scale, the muscle back
ground was reincorporated into the data from Fig. 1 before plotting. The 
average muscle count and the standard deviation of muscle samples were 
calculated, and these came respectively to 0.0020 millimicrocuries per gram 
and ± 0.0012 millimicrocuries per gram. The heavy line (C-D} at 0.0056 
millimicrocuries per gram indicates the sum of the mean muscle activity 
plus three standard deviations. Presumably any sample above this line can 
therefore be considered with almost complete certainty (probability= 0.999} 
to have more than the natural amount of radioactivity. Arrows at the top of 
the figure again, as in Fig. l, indicate dates of explosion of nuclear devices. 

Figure 5 shows a few groups of animals that were shipped from Idaho 
and Utah to the San Francisco Bay Area slaughter houses. It will be seen 
that the pattern of these samples is generally the same as that of the North
ern California samples shown in Fig. 4. 

DISCUSSION 

The level of radioactivity does not follow a pattern that appears to be 
well correlated with the dates of explosions of nuclear devices in Nevada 
(Fig. l ). The thyroid activity content did not rise significantly above back
ground until about a month after the start of the Nevada tests (however, 
most of the animals during the first month were feed-lot-fed; see discussion 
below}. There were no significant peaks of activity until the very sharp one 
which appeared during the week of May 25 and which was about 10 days after 
the date of the last nuclear explosion. The amounts of activity seen in any 
given area would, of course, depend on many factors. Some of these are 
the amount of nuclear material exploded, the distance from the ground at 
which the device was exploded, prevailing winds, rainfall, and like factors. 

It would appear that the peak seen in the latter part of May was mainly 
due to activity from the last explosion, or at least to a limited number of 
explosions that were significantly larger than the rest. The radioactive 
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Fig. 3. Radioactive decay of five individual thyroid samples. 
These. were selected to show characteristics of decay from 
tissues with widely varying initial amounts of radioactivity. 
They are plotted with .only. counter 1Jackground subtracted 
and therefore include any long-lived potassium activity 
present. The fluctuations in the tail portions of the curve 
and in the curve that had the low~st initial activity are 
probably due to counting error, since there are only a few 
counts above background. 
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Fig. 4. Semilogatrithmic plot of radioactivity per gram of 
thyroid tissue as a function of the date of death for animals 
raised in California. The radioactivity is expressed as 
millimicrocuries of rl31. The data are the same as those 
of Fig. 1 with the following exceptions: ( 1) Because zero 
and negative values cannot be indicated on a logarithmic 
scale, the muscle background was reincorporated into the 
data after they were corrected to the time of death for rl31 
decay. (2) They exclude those ani!nals raised in Idaho and 
Utah. Line A-B indicates the average muscle activity. 
Line C-D indicates the average muscle activity plus three 
standard deviations. Line E-F is an 8-day half-time decay 
line. 
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Fig. 5. This figure represents the same type of information 
as Fig. 4 except that the animals were raised in Idaho and 
Utah rather than California. Note that they follow the same 
general pattern as the California sau1ples. 
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material that caused this peak apparently fell out over a very short period 
of time. Had it been due to an accumulation of activity from all the tests 
one would have expected the rise to be more gradual and the period of 
elevated activity to be more prolonged. 

It will be noted from the decay curves of F1g. 3 that there appear to 
be two radioactive components. The small component or tail of radio
activity did not decay appreciably and was the same in absolute magnitude 
{mf.Lc/g of tissue) regardless of the inttial level of activity. Furthermore, 
tl:i!'1 final activity level was the same as that found in muscle. It was there
fore concluded that thyroid tissue had a small amount of radioactivity present 
n.:>rmally, the most logical source of this being the naturally occurnng 150-
tope K4°. When muscle background was subtracted (carr ection for K40 
content} all thyroid samples with sufficient activity to follow over an extended 
period decayed w1th a halftime of eight days. It was therefore ass. uined tLat 
the elevated activity seen in thyroid tissue during the period of the study 
illustrated in Fig. l was essent1ally all due to rDl. 

A maximum total dose of radiation to the thyroid tissue of cattle in 
this western area due to this series of tests may be calculated. This can 
be done by multiplying the total exposure by the rate at which energy is 
liberated within the tissue, after converting to dose umts. 

The exposure is the number of millim1crocune-days to which each 
gram of thyroid tissue is subjected. A maximum value of this quantity can 
be obtained by integrating the curve drawn through the maximum da1ly 
activity level in Fig. l. This area, obtained by planimetry, is 95 milliml
crocuries per gram times days. 

131 6 The average energy for the beta rays of I 1s 0.189 Mev. There-
fore, one miilimicrocurie of rl31 will give 0.97 erge per day. a The dose 
rate for rl31 would then be 0.0104 rep per day per milhmicrocurie per gram 
of tissue. b Since the integrated exposure was 95 millimicrocurie-days per 
gram of thyroid tis sue, the total beta- ray dose is approximately 1 rep. c 
It should be noted that this is a maximum, not the average dose, and that it 
is limited to the thyroid tissue. 

a "'~ d. ' 8 64 lO .)t 1s;secx . x sec/day x 0.189 Mev/dis x 1.6 x 10-
6 

ergs/Mev 
- 0. 97 ergs/day 

b 0.97 ergs/day/mf.lC 
9"3 ergs7g of tissue/rep = 0.0104 rep/day/mf.lc/g of tissue 

c 95 mf.ic/g x days x 0.0104 rep/g of tlssue/day/mf.lC -- 0.99 rep 
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In addition to the total dose, a maximum dose rate may be calculated 
from the maximum activity level recorded on May 25. This is 6.4 milli
mlcrocuries per gram of thyroid tlssue, which gives a maximum dose rate 
of 0.06 rep per day. d 

No attempt was made to include the gamma-ray dose. It would be 
very small compared to the beta-ray dose, owing to the relatively low 
absorption of the gamma rays and the geometry of the cattle thyro1d. 

There was a great deal of variation in the level of activity within a 
given group of animals. This can partially be explained by biological var·
iatwn, but might also be explained on the basis of one grazing area's hav
ing a larger amount of fallout on it than another area close by, because of 
differences in wind currents during fallout. Another factor that may have 
contributed to this large vanation comes from the fact that even though the 
whole group may have been allowed to graze, part of the animals may have 
obtained a larger proportion of their food from supplemental feeding (see 
d1scussion of feeding below}. 

The veterinarians at the slaughter houses were asked to estimate the 
ages of the animals. It was found that the estimated age could not be corre
lated with the level of activity per gram of thyroid tissue. 

An attempt was made to find out what type of feeding each group of 
animals received just prior to death. The answer to this was not always 
available or reliable, because the animals were sometimes bought by the 
slaughter houses from stockyard& and their exact sources were unknown. 
In many cases, however, fairly reliable information was available, and 
this is indicated in the figures. During the period of elevated activity the 
groups of animals that were feed-lot--fed had, in general, much lower 
activity than those ammals which were grazed. This would appear to ind
icate that most, if not all, of the activity picked up by the ammals at this 
time was in their food (the food used in feed lots probably being more pro
tected from fallout than were grazing areas). 

Additional evidence implicating the food as the pnncipal source of 
radioactivity is derived from further cons1deration of Fig. 4. The line E-F 
in th1s figure points out that the maximum daily activities observed decrease 
exponentially with time. This exponential decrease starts with the maximum 
activity observed on the 25th of May and falls through three cycles with a 
halftime of approximately eight days. This would appear to indicate that 
biological turnover is not a factor in the loss of activity by the gland and 
that the animals must, durmg this time, be in equilibrium with a source Qf 
activity which is decaying at the same rate as the activity in the gland and 
to which no new activity is being added. The most likely source of this 
activity would be the food. Since, in this area, there were only traces of 
rainfall during this period (see Fig. 2), it is not likely that the actlv1ty was 

6.4 mf.Lc/g x 0.0104 rep/day/mf.Lc/g -- 0.064 rep/day 
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\vashed off tLc grass; and the animals were probably eating any fallout 
precent on the grass at a relatively constant rate. It is hardly conce1vable 
tha.t air polution would remain consta.nt over such a period of tinlE'. lf tl:e 
:'ource of radioactivity were a deposit of rnateria! in the res pirat:ory tract 
whch was gradually being absorbed by the blood stream, this v,:ould pro
bab~y be entering the blood stream at an exponential rather than at a con-
., ~3nt rate. 
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