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ABSTRACT 

Thyroids from humans, obtained at autopsy, were followed ·for radio

activity from January 1956 to October 1956. There is less than one chance in 

one thousand that human thyroid ·tissue could have been irradiated to the extent 
131 

of 0. 001 rep from I fallout. The probable value is no more than 0. 00016 

rep during this period. 

Thyroids from cattle slaughtered in the San Francisco Bay Area were 

followed for radioactivity from October 1955 to October 1956. _Two periods of 

increase in radioactivity, p9ssibly due to small-yield detonations in Nevada, 

were seen in December 19 55 and January 19 56. A period of high activity in 

cattle thyroid-- probably due to a Russian detonation--began in March, and 

radioactivity from this delivered a maximum of 0. 2 rep. Another period of 

high activity, presumably due to the Bikini tests, began in May 1956 and was 

continuing at the time this report ended. It delivered (up to October 11, 1956) 

a maximum of approximately l. 3 rep to cattle thyroid tis sue .. This level of 

radiation exposure would produce no change in physiological function of the 

thyroid and would not be detrimental to cattle. 
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/1 
INTRODUCTION 

This report consists of a continuation of the work report~d in UCRL-

3355 on the radioactivity of thyroids associated with fallou~. 1 
The methods 

used for counting samples .and calculating activity were the same as those 

used in the previously reported work and therefore are not described again. 

This report covers the period from October 1, 19 55 to October 11, 

1956. Beginning in Januar.y 1956, human thyroids taken at autopsy were added 

to cattle thyroids in the routinely collected series. The human tissues were 

prepared and counted in the same manner as "the cattle. tissues. 

During the period previously reported on it was noted that the thyroids 

of feed-lot-fed animals had relatively low activities in comparison with those 

of range animals. l Therefore, during the period included in this report, 

range cattle were used (in preference to feed-lot-fed) as being most indicative 

of the maximum values obtainable in cattle. Thyroids from feed-lot-fed ani

mals were used only occasionally to ascertain whether the levels were remain-.. 
ing relatively low. Range-fed animals become rare in this area during the 

dry season, and therefore samples were sometimes obtained from cattle that· 

were partially range-fed. It was not possible to determine exactly when the 

stock left the range. This fact was probably responsible for some of the var

iation in radioactivity in Jhyroids of cattle slaughtered chronologically close 

together. The maximum values found are probably closer to the expected 

average of fully range-fed animals. 

The range-fed cattle were 3- to 6-month-old calves and 4- to 10-year

old cows. The feed-lot-fed tattle were largely 2- to 3-year-old steers and 

heifers. The group labeled "feeding m doubt" were da:iry cattle who both grazed 

and were supplementally fed. 

( . 
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RESULTS 

Figure 1 is a linear plot of the radioactivity per gram of thyroid 

tis sue as a function of the date of death of the animal. This figure does not 

include the human data. The activity was calculated as rnillirnicrocuries of 

I 
131 

(in equivalents of disintegrations measured by the sodium iodide crystal 

scintillator). In the preparation of the data for this graph, muscle from each 

animal was prepared and counted in the same manner as thyroid tis sue. These 

muscle -vial counts were used for background for the thyroid counts in order 

to correct for any activity from the vials* and for any long-lived activity (such 

K
4 O C l 3 7 ) h · h · h b . . 11 Th. 1 as or s w 1c rn1g t e present 1n hssues genera y. 1s muse e-. 

vial background was subtracted from the thyroid counting rate before it was. 

corrected fori
131 

decay (time of counting to time of death). Samples plotted 

below the base-line in Fig. 1 had either the same amount of radioactivity as 

muscle-vial samples, or slightly less. 

In Fig. 2 the thyroid "radioactivity data for both cattle and humans 

are plotted on a logarithmic scale of radioactivity according to the date of 

death. The cattle data are the same as those shown in Fig. 1 except that 

after correction for I 
131 

decay the muscle -vial background was reincorporated 

with the iodine activity. This figure, therefore, represents the total detectable 

radioactivity in the samples. The average value for all the muscle -vial samples · 

and its standard deviation were calculated, and these values were respectively 

0. 0020 rnillirnicrocurie per gram and 0. 0012 rnillirnicrocurie .per gram (in 

equivalents of disintegrations measured by the sodium iodide crystal scintillator). 

The heavy line (A-B) at 0. 0020 IDf.lC indicates the mean muscle-vial activity,** 

and line (C-D) at 0. 0056 IDf.lC per gram indicates the sum of the mean rnq.scle-

vial activity plus three· standard deviations. Presumably any cattle sample 
. _, ' '··. .· 

.::~·: * 
Subsequent to the preparation of the data included in this report and in 

UCRL-3355 it was found that the vials, which were used for tissue vessels. 

while counting samples, were made of glass which contained some radioactivity. 

This a':,counts for some 90o/o of the radioactivity which was earlier thought to 

be due to long-lived isotopes presen_t~the tissue. 
** ·- ~ This line represents, for the most part, radioactivity that carne from the 

glass vials. 
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above line C-D can therefore be considered with acceptable certainty (proba

bility 0. 99 7) to have more than the natural amount of radioactivity. 

The human thyroids showed counts in the same range as the cattle 

muscle-vial samples and therefore probably contained very little, if any, 

radioactive iodine. It was thought best to let them serve as their own back

ground controls after a period of I
131 

decay. (This analysis is presented later 

. in the text. ) No correction of I 
131 

decay t-o time of death was necessary in the 

data since no I 
131 

was detected by measuring procedure. All human samples 

were counted as soon as they were available ( m~an time delay 3. 7 days after 

death). 

Because of the possible influence that rainfall might have on fallout, 

the rainfall data for the period and geographic area being considered are pre

sented in Fig. 3. 

DISCUSSION 

The sources of radioactivity that caused the significant but small 

rises in cattle thyroid activity seen in December 1955 and in January 1956 

were possibly due to small-yield detonations set off in Nevada on November 1, 

3, and 5, .1955 and January 18, 1956. The sizes of these peaks may have 

been influenced by the smallness of the sample drawn and by heavy rainfall 

in Northern California during this period. 

The rise in activity beginning late in March is presumably due to a 

nuclear explosion by the Russians, which was reported to have been detonated 

around the middle of March. The rise to a maximum value was rapid. This 

indicates that the fallout of I 
131 

took place during a relatively short time. 

The rate at which the radioactivity lessened in animal thyroids after the max

imum uptake was essentially exponential, with a half time of approximately 

8 days (line G-F, Fig. 2). This suggests that the cattle were in equilibrium 

with I 
131 

fallout in their environment during this period. 
1 

It became impos.sible 

to follow the decay of the I 
131 

until it reached background level,· because new 

I
131 

fallout became evident with the Bikini tests in May 1956. The range-

cattle thyroid irradiation estimated as an accumulated exposure from all fall-

out, March to May, 1956, was 0. 2 rep. ' 
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The Bikini tests began May 21 and were associated with an immediate 
0 131 . 
mcreased I content of beef thyroids. The small peak on May 29 was prob-

able due to the first n small explbsion11 (May 21 ). The major ·rise in the middle 

of June is presumably due to the next Bikini detonation, and the plateau which 

followed this and which was still contlnuing at the end of the period covered by 

this reporf presumably· reflected multiple additions to the atmospheric level 

of 1
131

. An ·integral dose for the Bikini tests was estimated as inciuding tim·e 

from June to October l9 56 .. During this period the maximum activities ranged 

between 0. 01 and 0. 028 rep per day. The average radiation to all range-fed 

cattle was close to 0. 01 rep per day for this entire period. Thus the maximum 

exposure of bovine thyroid (June 6 to October 11, 19 56) was approximately 

1.3 rep. 

As will be noted from the rainfall data, there was a great deal of rain 

in this geographic area during November and December of 1955 and January 

and February of 19 56. It is possible that it influenced the shape and size of 

the peaks seen at these times. It will also be noted that there was essentially 

no rain after the middle of May, so that the fallout from the tests during the 

summer and fall of 19 56 wo1.1ld not have been influenced by rainfall. 

As in the earlier data, there was a large variation in the activity per 

gram of tis sue in cattle slaughtered on the same day. This is probably due in 

great part to biological variation because, on occasion, animals known defi

nitely to have come from the same range hadfairly large differences in activ

ity 0 

In order to estimate the· relationship of the size of the whole thyroid 

to the concentration of I 
131 

per gram of tis sue, the data for all the range -fed 

animals slau.ghten!d between· June 6 and October 11, 195b (during which tim~ 

the activity was continuously elevated) were used to calcu'late correlation 

coefficients of m!J-C/g versus gland weight. . For cows the correlation coef

ficient was -0. 13 and for calves -0. 12, neither of which is significant.· There

fore, individual thyroid mass had very little, if any, effect on the activity 

per gram of thyroid tissue. However, age had an effect; the average activity 

per gram was ZOo/o higher for calves than for cows during this period .. 

The data presented here support the conclusion that feed-lot-fed 

cattle ingested considerably less radioactivity than did those which were 

range-fed. 
1 

During the period from June 6 to October 11, 1956 the median 
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activity for 52 feed-lot-fed animals was 0. 008 mf-LC/g, and for 132 range-fed 

animals it was 0. 409 mf-LC/g. Some feed-lot-fed animals appear to have appre

ciable concentration of I
131

, but the simplest assumption to explain this in

consistent uptake is the lack of complete information on feeding procedures 

preceding marketing of beef, i.e., it is possible that animals that obtained 

most of their food in feed lots were allowed to graze to a certain extent. 

No individual human thyroid contained enough I
131 

to be detected. It 

was possible, however, to obtain an outside limit of the I
131 

concentration in 

human thyroids, and also to estimate the proba·ble maximum I 
131 

level. All 

th h h 'd d' h · d f and h1'g·h 1
131 

levels e yman t yro1 s correspon 1ng to t e per1o o constant 

in cattle thyroids (June to October) were re-counted after having decayed 

through at least four half lives. This value is compared with the original 

counting rate and with the cattle thyroid levels of radioactivity in Table I. 

Human samples were originally counted on an average of 3. 7 days after death, 

therefore-- since human thyroids had an average of l. 0 3 counts attributable 
131 131 . 

to I . per sample- -the average I burden of human thyro1ds (corrected to 

time of death) would be l. 41 counts or 0. 0006 mf.J.C/g. The corresponding 
131 ' ' 

I content of range -fed cattle corrected to the time the cattle left the range 

is 0. 6 mf.I.C/g of thyroid. It is the,refore established ·that the average human 

thyroid concentration is probably less than l/1000* the maximum level ob

served in thyroids for range-fed cattle. 
131 

It is possible that human thyroids do not take up I from fallout 

even in the order of magnitude directly measured, which is l/1000 the level 

measured in bovine thyroids for the same period. However, statistical con-
. 131 

fidence is established at two defendable limits of possible I · uptake by 

human thyroid tis sue. 

Thus: 

(a) Human I 
131 

levels in thyroid could have been established at 0. 0021 mf-LC/g 

(i.e. 0. 0006 mf-LC/g + ( 2. 35 x 0. 00066 mf-LC/g) )>',<>'.< w}th 'a certainty of P = 0. 0 l. 

(b) There is only one chance in 1000 that human thyroids exceeded 0. 0026 mf-LC/g 

(i.e. 0. 0006 mf-LC/g + ( 3. l x 0. 00066 mf-LC/g)). *,.,.* Thus it is certain that 

* ' 0. 0006 mf-LC/g of human thyroid tissue 
0. 6000 mf-LCfg of range-fed cattle thyroid tissue 

':~* 
Mean value+ 2. 35 standard errors. 

*** Mean value + 3. l standard errors. 



Bovine Thyroids 

Highest measured 
concentration 

> Lmf-LC/g 

~edian _level of thyroid 
I 31 content in. range
fed animals 

~edian level of tll.yroid 
I 31 content in feed
lot-fed animals 

Human Thyroids 

Initial_count (mean) 

Re<Zount (mean) 

Difference 

Table I 

· Thyroid Activity, . June to OCtober 19 56 

Number of 
glands in 
de sired 

counting range 

1 

-
18-

1)2 

52 

.68 

68· 

·Average. 
counts 

per sample 
'·· 

- 6235 

3532 

·1181 

·28. 9 

6.21±0.83 

5.18±0.76 

Average 
weight 

I 131 
. of sample 

counted 
mf-LC/g (g) 

2 .. 67. 4. 3 

1. 51 4. 3 

0.409 4. 3 

0.008 4.3 

4. 3 

L 03 ± 1. 14* · (~SE difference) 

Not significant 

Average 
weight 

of whole 
thyroid. 

. (g) 

27 

27 

27 

16 

I 

00 
I 

* . . c 
This value when converted to mf-LC/g and corrected. to time of death becomes 0. 0006 ± 0. 00066 m~J;C/g. 0 

::0 
l" 
I 

(JJ . 

-J 
0 
(JJ 
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h h . d . 1 th 0. 02 6 uman t yro1 s conta1n ess an O. 6000 = 2 ;
0 

or 0. 43% of the 1
131 

burden in 

cattle thyroids following atomic detonation. Therefore, we can accept that ·, , 

. d. . f h h . d f I 1 3 1 . h h. h I 1 3 1 f 11 t . d ura 1at1on o uman t yro1 rom • content 1n t e 1g · a ou per1o 

of June to October 1956 is less than 

1. 3 rep (median thyroid irradiation for range cattle, June to Oct. 19 56) 
2 30 (confidence value for ratio of cattle to human) 

= 0. 0056 rep. 

However, the probable value is estimated as 

1 (count per minute per sample of human thyroid) 
1. 3 rep x ~~~--~~------~~~----~----.---------~7r~,---~,. 1181 (counts per minute per sample range cattle thyroid) 

= 0. 00 11 rep for accumulated irradiation exposures of human thyroid tis sue 

by contained I
131 

fallout. 

I . . h h h . d h . b. 1' I 131 
t 1s interesting to note t at one uman t. yro1 as apprec1a e . . _ 

content, comparable with beef thyroid. It measured 0. 025 m~J.C/g, which is 

.about l/20 of the bovine I
131 

concentration during this period. This man, 

upon investigation through the attending physician, was found to have been 

given a tracer dose (2. 5 jJ.C) of I
131 

67 days preceding death, or app;roximately 

8 half lives of 1
131 

earlier. Thus the observed level is entirely within the . 

expected value for this length of decay. This value was not plotted on the 

graph because the elevated level of I
131 

had ·no connection with fallout. 

The changes in I 
131 

content of bovine thyroids agree with those re

ported by Van Middlesworth in Tennessee. 
2 

The data from the two regions 

differ in other respects. 

One of these is the greater variance from maximum to minimum 

values of I 
131 

content in cattle thyroids. This can be explained by the fact 

that California cattle included admixtures of range -fed, feed-lot-fed, and 
3 

supplementally fed animals, whereas those of Tennessee w~re all range-fed. 

The data also differ in the level of radioactivity in human thyroids. 

In the human thyroids collected in this area there was no measurable increase 

in radioactivity (as discussed above) when cattle thyroid radioactivity went as 

high as 2. 67 m~J.C/g. Van Middlesworth, however, found increased levels of 

radioactivity in humans when the cattle levels were at or below this level. 

P~rt of this may be an artifact of measurement. 'After June 19 55 Van Middles

worth began using a pulse-height analyzer to count his low-activity samples; 

thereafter his human samples were near background, and are in agreement 
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with the values obtained in this area. However, some of his human samples 

during peaks in cattle thyroid radioactivity (March to July 1955) appear to be 

higher than can be explained by counting techniques alone. 
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. FIGURE CAPTIONS 

Fig. l. Linear plot of radioactivity per gram of cattle thyroid tissue as a 

function of the date of death of the animal. The radioactivity is expr'e s sed 

"ll" . . f I 131 
as m1 1m1crocur1es o . Neck muscle tissue was used as. background. 

Fig. 2. Semilogarithmic plot of radioactivity per gram of thyroid tis-sue as a 

function of the date of death of cattle and humans. The radioactivity is ex-

d - "11" . . f I 13 l presse as m1 1m1crocur1es o . . The dashed horizontal line, A-B, 

is the average radioactivity of glass vials and a representative sample of 

muscle. This radioactivity includes potassium and other long-lived radio

active materials. The line C-D is placed three standard deviations above 

the mean background radioactivity (line A-B). Thus all radioactivity in 

cattle thyroids above line C-D is statistically significant with respect to 

fallout radioactivity. 

Human thyroid radioactivity included the radioactivity of the glass 

vial. Recently it was ·determined that most of this radioactivity emanated 

from the -glass vial. The individual samples are the sum of all radioactivity 

measured in the human sample and the glass vial, with only the scintillation 
131 

counter background subtracted. The actual human burden of I was not 

detectable. 

Fig. 3. Rainfall data for the San Francisco Bay Area. 
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