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I

ABS TEACT

Following the Sedan test of July 6,1962, in Nevada, the applicabil-

ity of mathematical models to food—chain transfers of iodine—131 in

natural environments was examined. The amounts of radioj odine measured

in the thyroids of jack rabbits collected at 5—day interval s between

July 5 and August 5 were compared to levels predicted by models on the

basis of estimated levels of radioiodine on vegetation as of July 6.

Four areas, f rom 20 to 110 miles from ground zero, were studied be-

tween 5 and 30 days after the test. The basic mode]. was determin-

istic, but a probabilistic model predicated on the same assumptions

was also developed and tested.

The performance of the models was good enough to encourage

further work of this nature. We consider it more likely that dispar-

ities between observations and predictions are due to errors in esti-

mating input variables than to a flaw in the design of the models.

Accurat. estimates of daily ingestion of radiotodine, and absorption

and uptake by the thyroid are the — t difficult to obtain.

Analyses of vegetation samples suggest that the distribution of

radioiodine on vegetation after the test was lognormal , not normal.

When distributions of radioiodine on vegetation are defined as log-

normal, and frequency distributions of thyroid radioiodine in large

synthetic populations are generated by the computer, these distribut-

ions are also lognormal. Whether such distributions reflect the situ-
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ation in nature depends on the validity of the assumptions built into the

model. We believe that the model assum~’tions are qualitatively sound ,

and that lognormal distributions of rad ioisotope concentrations in organs
I

are probably characteristic of populations consuming vegetation con-

taminated by local fallout. This conclusion is supported both by measure-

ments of radioiodine on vegetation at various times between July 11 and

August 5, and by analyses of observed distributions of radioiodine in

the thyroid of herbivores consuming this vegetation.

The assumption of the Federal Radiation Council that the “majority

of individuals do not vary from the average by a factor greater than

three,” appears reasonable, both on the basis of actual observations

and analyses of synthetic distributions of 1000 individuals.

If our measurements of rad ioiod ine on sagebrush (Artemisia trident-

~~~~ 
in the vic inity of Currant, Nevada (110 miles from ground zero), were

even close to levels of radioiodine on cattle forage (i.e., no more

than 10 tines higher), it is an unavoidable conc lusion that had milk been

produced in this area during July of 1962, it would have contained radio-

iodine (2000-3000 ~ zc/1) temporarily far  in excess of the limit of Range

II reco~~ended by the Federal Radiation Council (100 ~~c/l). Levels

would have been higher in areas closer to ground zero. Fortunately,

there is little dairying in this part of Nevada.

I’
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.‘ FOOD-CHAIN RELATIONSHIPS OF IODINE-13l IN NEVADA FOLLC~JING THE SEDA N

TEST OF JULY 1962.

1. INTRODUCTION

An important aspect of the assessment and prediction of radiation

hazards is the time-specific relationship between fallout radioiso-

topes on vegetation and the amounts of such ma terial assimilated by

herbivores and ultimately consumed by man. One should be able to

represent such relationships by mathematical models, so that if the

amount of a radioisotope in one compartment of a food-chain is

measured, inferences may be drawn as to how much is or will be pre-

sen t in other compartments. Such models should take into considera-

tion the considerable variability which occurs in natural systems--

as evidenced by the British work in Australia in 1956
1 and investi-

gations at this laboratory during the test series of 19532 and l955~.

Herbivores occupying apparently homogeneous environments and presum-

ably exposed to the same radiological hazards, show tissue burdens

of radioisotopes which differ greatly. From the standpoint of health

physics it is important to understand this variability because the

high extremes are more important than modal values. The importance

of this point has been recognized by the Federal Radiation Council,

which has reconmtended the arbitrary assumption that the majority of

individuals in a population does not vary from the average by a

factor greater than three4.
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Four fallou t radioisotopes are considered important in food-chain

problems (Sr—90, Sr-89, Cs—137 , and 1-131), but recently there has

been p a r t i c u l a r  in teres t  in environmental problems involving radio-

iodine* (~.g., see Pendleton
5
, Reiss

6
, Knapp 7

, Mar t in 8, Thrner9, and

the sunmary-analysis of the 1962 Congressional Hearings’0).

In considering the quantitative relationships be tween fallou t

radioiodine and 1-131 in human foods, it is possible to seek some

simple empirical relationship--e.g., the ratio of radioiodine per

liter of milk to the gross gansna activity on the ground. This

approach has been adopted by Knapp, who indicates that for a number

of past events involving the release of radioiodine to the environ-

ment, the ratio of the maximum amount of 1—131 (I ) in milk
max

(~~c/1iter) to the gross gamea activity (mr/hr) on the ground at

H + 24 (r0) varied from about 18,000 to 220,000~. Such an approach

certainly avoids any difficulties in attempting to evaluate inter-

mediate steps in this relationship, and may have merit in emergency

situations where no other estima tes of potential hazards are available.

From a theoretical stan~apoint it is more fruitful to consider the

contamination of milk by 1-131 as the last link in a chain of related

events , and to attemp t to develop a step-by-step representation of

this process by means of a compartment model . Such a model could be

arranged in 3 compartments: iodine on cattle forage, iodine in

* Radiojodine hereafter refers to 1-131

- J
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cattle, and iodine in milk (or a fourth compartment, the ground

surface, could be added if desired). But would such a model

perform adequately when applied to a real environmental situation?

The general idea might be evaluated using a more simple model,

e.g., one involving only 2 compartments.

Prior to the Sedan test of July, 1962, we decided to test the

model approach using the time-specific relationship of radioiodine

on desert vegetation to radioiodine in the thyroids of jack rabbits

consuming this vegetation. The model used has been discussed

previously by French1” and French and Van Middlesworth12
. The

model is also given in our preliminary report, ~~E—236P
13
, and is

repeated here in slightly modified form for convenience:

A — I x D x F (e~~p t _e~~ E t)

~E~~~ p

A — amount of 1-131 in thyroid of consumer

I — amount of 1-131 per gram of vegetation on day of contamination

D — number of grams of vegetation consumed per day

F — fraction of ingested 1-131 reaching thyroid of consumer

— physical decay constant of 1-131

— effective decay constant of 1-131 in thyroid of consumer

t time (in days) after the contaminating event

e — 2,7183

When t is defined as the number of days following the introduction

of 1-131 into the environment, the model predic ts the amount of

— 13—
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radiotodine in the thyroid of a consume r (at time t) in terms of a

specified initial level of contamination of food, I. (See PNE-236P,

Appendix D, for an illustration of the calculations).

Certain assumptions regarding the thyroidal uptake of dietary

1-131 by jack rabbits (F), the amount of food consumed daily by

jack rabbits (D), and the effective half-life of 1-131 in the

thyroids of jack rabbits (from which is derived) are given in

PNE-236P and are recapitulated later (see pp. 30-32). The half-

life of radioiodine on vege tation is assumed to be 8 days in the

model above. We reasoned that it would actually be less than 8

days and estimated the effective half-life Ø~.) directly by sequen-

tial measurements of radioiodine on vege tation
8
.

A prelimina ry discussion of this stud y may be found in PNE-236P

and in papers by Martin 8 
and Turner9. However, other issues arise

and it is the purpose of this report to discuss these problems.

Specifically, the questions are:

1. Does the application of a 2-compartment model to an environ-

mental situation involving radioiodine contamination appear feasible,

can one predict the amounts of radioiodine in herbivores as

a function of time and the amount of radioiodine in their diet?

Can this approach be expanded to the broader problem of vegetation-

cow-milk relationships ? . .

— 14-
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2. Can inferences be drawn as to the type of frequency dis-

tribution which the thyroid burden of herbivores may be expected to

exhibit? Is this distribution predictable on the basis of vegeta-

tion analyses? Is the Federal Radiation Council assumption that

the majority of individuals in a population be considered to lie L
within 3 times the mean reasonable?

3. In view of Knapp’s discussion of radioiodine in Nevada milk

following the Small Boy test of July, 1962 (and based primarily on

measurements of radioiodine in milk from Caliente and Alamo, Nevada)
7
,

do our data shed any light on possible public health hazards in

southern and central Nevada following the Sedan test?

2. PROCEDURE

2.1 Collection and Radiochemical Analysis of Samples

Mathods are fully described in PNE—236P. Basically, the pro-

cedure involved: 1) the collection of background materials (bulk

plant samples and jack rabbits) from areas north of the Nevada Test

Site in June of 1962, 2) the collection of similar samples, primarily

from four areas, at 5-day intervals between July 11 and August 5, 1962,

and 3) the determination of amounts of 1-131 in the bulk plant samples

and the thyroids and stomach contents of the rabbits.

Initial levels of radioiodine (as of July 6) on natural vege-

tation in four areas were estimated by decay corrections based on

a 5.5 day effective half-life (see PNE-236P, p. 34). Levels of

— 1 5 —
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thyroid radiotodine predicted on the basis of these es timates were

compared with the amounts of thyroid radioiodine ac tually observed

in jack rabbits from the four areas.

In this report the procedure is extended to include predictions

of thyroid radioiodine based on analyses of the 1—131 in the stomach

contents of rabbits .

2.2 A Probabilistic Version of the ~bdal

2.2.1 Design of the ~~del

The mode l given on page 13 is de terministic. When the 5 input

variables are prescribed the model yields a single value for each *

value of t employed. Results of this procedure, involving calcula-

tions for D + 5, D + 10....D + 30, are discussed in PNE-236P (see

also Figure 2) .

I f one wishe s to consider the possible variation of a “prediction”

for any time t~ one must know the variability of each input parameter

and the type of frequency distribution generated by the interaction

of these parame ters. Al though the variation of the inputs was known

approxima tely, it  was not possible to predic t the interaction of the

variables theoretically. Instead, the deterministic model was

revised as a probabilistic simulation of the experience of an herbi-

yore in an area contaminated by radioiodine , and the simulation was

programsed for IBM 7090 computer solution.

-16-.
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The revision is simply a discre te version of the deterministic

model, with an interval~~ one day between meals. When the interval

is zero, as if feeding were continuous, the discre te version is

ident ical  wi th  the continuous. The advan tage of the discre te ver-

sion is that it facilitates the simulation of the feeding experience

of a group of individuals over a period of time. The purpose in

designing the stochastic version of the mode l is to permit the

variables to take on different values and to examine the influence

of chance variation in the inputs on the predict ions of the model.

It is easier to visual ize the s tochastic model if one considers

what occurs when an herbivore occupying a fallou t field consumes a

series of meals, each containing a varying amount of radioiodine .

U l tima tely one wishes to est imate the amount of r adioiodine (A)

in the thyroid of the consumer at the end of some arbitrarily

defined period of time. For example, the amount of thyroid radio-

iodine a f te r  30 days is the sum of 30 terms . Each term represents

the radioiodine remaining in the thyroid from one of 30 meals.

From a given meal containing iodtne-13 1, some f ract ion (F) of the

radioiodinc is absorbed and reaches the thyroid. The 30-day

thyroidal uptake of radiotodine m ay he given as tollows :

F(D1C1 + D2
C
2 

+ r~30c30 ’~ (I)

where Di i s  the number of grams of food consumed, and C~ is the

amount of radiolodine per gram of food. This series does not

— I 7—
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represent the amount of radioiodine in the thyroid after 30 days .

The radioiodine which reaches the th yroid is lost bo th by secretion

and radioactive decay, so that it declines exponentially with an

effective half—life reflecting these two processes. Hence , the

amount of radioiodine which reaches the thyroid on day one is re-

duced by the end of 30 days to:

FD1
C
1
E3° where ~ — (1/ 2) l/b (2)

and b is the effective half—life of radtoiodine in the thyroid (in

days).* The amount of radioiodine ingested on the Lth day af te r

fallout and remaining 30 days after fallout is:

FD~C~E
30 + ~~~ (3)

The required series for 30 days is thus:

A — FD1C1E
3° + FD2C2E

29 
...+ FD3QC3ØE (4)

So far C~ has been taken as the amoun t of io~ ine-l3l per gram

of food at the time of consumption. Yet we wish to derive C~ from

the amount of radioiodine on vegetation on the firs t day. The loss

of radioiodine from vege tation is approximately exponential , but the

effec t ive  h a l f — l i f e  v~ , 
varies from day to day. The relationship

between the amount of radioiodine on vegetation consumed on day two

and the original amount of iodine-l3l on vegetation may be expressed

as : C2 — x2 V1 (5)

— .693/~~ and e~~~
t 

— E
t

-18-
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wh.r.: *2 
— th. original amount of radioiodin. on the vege tation

making up the meal consumed on the second day

and y — (1/2)11v1 (6)

On the jth day, the relationship would be:

ci — x~V1
V
2
V
3
...V~_ 1 (7)

i—ior C~~— x i
.yp. V~ (8)
i—I

The expression for A given in (4) can now be rewritten:

A — F(D
1
x
1~

30 + D2x2
V
1
S29 + D

3
x
3
V1

V
2
E28...+D30x30 ~~ V

I
E) (9)

.1.1

2.2.2 fly! Frequency Distributions ~~ ~~j  Lnput Parameters

It is now necessary to assign frequency distributions to the

variables discussed in Section 2.2.1. F and b are conside red con-

stant for any one individual , bu t not the same in all individuals.

t was chosen randomly from 114 values ranging from 0.05 to 0.35 (see

Appendix A). The nature of the distribution was inferred from the

work of Fr.nch1~ . The value of b (days) was chosen randomly from

th. following distribution:

1.5, 2.0, 2.0, 2.5, 2.5, 2.5, 3.0, 3.0, 3.5

The values of U
1 

and change from day to day. D1 was chosen

at random from the following distribution of values :

80, 90, 90, 100, 100, 100, 100, 110, 110, 120

and th. values of ; (days) were similarly selected from the following:

5.0, 5.33, 5.33, 5.5, 5.5, 5.5, 5.75, 5.87, 6.0

iJ -19-
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In the preceding discussion the successive amounts of radio-

iodine per gram of vegetation consumed have been expressed as

functions of x
1 ....x~~. So we must  now consider the nature of the

distribution of radioiodine per gram on the first day . Let this

distribution be represented by values of x. A typical distribution

of x (based on 41 values from Penoyer Valley and developed as

described in Section 2.1), and the distribution of X (— log x) are

portrayed in Figure 1. Because of its shape , the distribution of

X was assumed to be normal , with  mean and variance equal to the

mean and variance of the sample values of X. The means and variance

of four such distributions of X are given in Table 1..

Because x — lox, 30 values of X
1....X30 

were selected at

random from normal distributions (as defined in Table 1), and the

anti lo~~rj tbj ns of these numbers defined the values of (wi th j  —

I to 30).

2.2.3 Operation of the Pbdel

The simulation was programeed in the following form:

A — F 
~~ 

En45]
~~~D1lOX1 T vj.

where: E — (1/2)~~~’ and V
1

Af ter 4 days, this expression (in expanded form ) would be as follows :

A — F [E
4
D1 lo

x1 + E
3D
210X2~ + E

2D3IO
X3(V1V2) + ED410~C4(V

1V2V3)J

1_i, j—o 1—2, j—I i—3, j—2 L~4, j.3

-~ 0-
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Table 1 - Es tima ted radioiodine on vege tation (J&j.tc/g) as of July 6,

1962, based on decay correc tions of bulk samples of vege tation and
of stomach contents of jack rabbi ts (k

~ — 0.126). The antilogarithm

of the mean of the logs is the geometric mean of the distribution
and is not the same as the arithmetic mean.

Arithmetic mean
4an of logs Variance of distribution

(and sample size )

Groom Valley

vegetation 4.075 0.228 17481 (30)

stomach contents 3.611 0 .272 6533 (27)

Penoyer Valley

vegetation 3.428 0.120 3695 (41)

stomach contents 3.488 0.100 3930 (36)

Railroad Valley

vege tation 3.184 0.017 1656 (29)

stomach contents 3.218 0.058 1980 (25)

Currant

vege tation 2.825 0.110 890 (31)
stomach contents 2.494 0.100 414 (25)

Thus, the daily decline in radioiodine on vegetation is simulated
and day to day va r iation s in the rate of loss are permitted to occur
by chance. ?~ s t impor tant, the initial amount of radioiodtne per

• gram of food is perm itted to vary , becau se an herbivore feeding at



random in a fallout field will consume heavily contaminated foliage

on some days and lightly contaminated food on others. The 30-day

experience of a single hypothetical consume r was simulated in the

manner described above . Only the cumulative totals of thyroid radio—

iodine at 5, 10, 15, 20, 25 , and 30 days were printed out. By

repeating this procedure , distributions representing synthe tic “pop-

u lations” of consumers could be built up by the computer.

In the firs t simulation, based on radioiodine levels taken from

bulk plant samples, the program generated 24 frequency distributions

of 100 individuals each, representing theoretical thyroid radioiodine

levels in the four s tudy areas as of 5, 10, 15, 20 , 25 , and 30 days *

after the original deposition of radioiodine on July 6. The second

simulation, involving the same areas and dates, produced 24 frequency

distributions of 1000 values each. The third simulation involved

radioiodine levels predicated on stomach samples, but was in other

respects like the first.

3. RESULTS

3.1 Recapitulation of Earlier Results

The entire array of radioiodine determinations is given in PNE-236P

(Appendix B). In the earlier report, and also here, attention is

primarily focused on stations in four areas (at distances of 20 to

1.10 miles from ground zero) between 5 and 30 days after the Sedan

test. We selected those stations from which we had the most data and

on the basis of their location within the fallou t pattern (as defined

-22-
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by E.G. øi C.’4). The general conclusions expressed in PNE-236P

are reviewe d for convenience: 1. Radiotodirte disappeared from

vege tation with  an ef fec t ive  ha l f - l i f e  of about 5.5 days (usuz ~t ly

from 4.5 to 6 days). This was ganerally true in all 4 areas and

apparently independent of time after fallout deposition.

2. There were differences between levels of radiotodine measured

on bulk vegetation samples of sagebrush (Ar~emisia tridontata) and

shadscale (Atri.p lex confertifolta) and those measured from stomach

con tents of rabbits from the same areas. The differences were not

consistently in the same direction . 3. Using F 0.16 and initial

levels of radioiodine on vegetat ion es t imated  from measurements of

bulk plant samples , the model predicted amounts of thyroid radio-

iodine which we believe differed significantly from those observed.

There was no consistent pattern to the disparities between predicted

and observed values , t.e., the model overpredicted in two areas and

underpredicted in the other two. h owever, the decline of measured

and predicted thyroid 1— 131 with time was abou t the same, suggesting

that the values adopted for and were reasonable. It appeared

more likely that estimates of F and I may have been incorrect.

4. Differences in vegetation sampled in the ti~~d and that actually

consumed by rabbits  may have accounted , in part , for discrepancies

between observations and predic t ions based on p lant samples.

- .~ .~ -
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3.2 c~,.ose—in Observa tions

Data from near ground zero were not discussed earlier. The Seda n

ground zero was loca ted in Area 10, in the northernmost part of Yucca

Flat. Here, particularly within 2 to 5 miles east of ground zero , we

found much higher levels of rad ioiodine, both on vegetation and in

rabbit thyroids , than at any of the more d is tant  stations. Because

the conditions in Area 10 were well  wi thin the l imits of the 1~est

Site , the da ta have no public health implications. However, t hese

iod ine levels are of interest as an illustration of what might be

expec ted close-tn following the underground detonation of a device

lik, that used in the Sedan test (Table 2).

Even 10 days after the test , levels of 1-131 on vegetation and

in rabbit thyroids in Area 10 were higher than any observed in Groom

Valley five days after the test. Evidently, the thyroids of some

rabbi ts in Area 10 accumulated several microcuries of 1-131 during

the firs t 3 or 4 days following the test. (Observe that thyroid 1—131

burdens in excess of a microcurie were measured on July 16 and even

as late as July 28) .

3.3 Radioiodine in Stomach Contents of Jack Rabbits

As implied in Section 3.1, our initial analyses were based on

the assumption that bulk plant samples were adequate representations

of rabbi t diets, and that an evaluation of the radioiodine in such

samples wou ld be a satisfac tory index of dietary intake. Stomach

• samples from rabbits taken in Groom Valley and near Currant had less
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Table 2 - Mean radioiod ine levels c lose-in following the Sedan test

of July b , 1962.

July  Jul y July August August
16 23 23 2 6

1-131 on native vegetation
(n~ c/g)

2 stations east of crater 95 12 10

3 stations north of crater 5.9 1.4 4.5 1.0

1— 131 in stomach contents  n i

j ack rabbits  (u~ c/g)

2 stations east of crater 1~ 9 3 .5

3 stations north of crater 3.2 1.4 0.7 0.7

1-131 in thyroids of jack
rabbits (u~ c/g1and)

2 stations east of crater 1237 519 58

3 stations north of crater 241 212 57 108

radioiodine than bulk samples of sagebrush from the same areas, while

stomach contents of rabbits from Penoyer Valley and Railroad Valley

had more radioiodine than corresponding bulk samples of shadscale.

We believe it is significant that in the first two areas the model

predicted more thyroid rad ioiodine than was actuall y observed , while

• in the latter two areas the model underpredicted . It would seem de-

c itable then , that t he efiec~. of using the rad ioiod ine determinations

based on stomach contents as ind ices of initial levels of radioiodine
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contamination of rabbit food should be explored .*

The estimates of in i t ia l  levels of plant contamination in four

areas (based on stomach samples) are given in Table 1. These values

may be used In the deterministic model to predict amounts of thyroid

radioiodine between 5 and 30 days a f te r  the test , as was done earltez

with values based on radiod ine analyses of bulk vegetation samples’3.

The results are shown in Figure 2. Predictions based on bulk vegeta-

tion samples are repeated for convenience.**
When predictions are based on radioiodine analyses of stomach

contents the accord between predicted and observed values is some-

what improved and the disparities are now generally consistent. S

3.4 Results of First and Second Computer Simulations

These experiments were both based on initial radioiodine levels

estimated from bulk plant samples . In the first instance, 24 dis-

tributions of 100 individuals, and in the second case 24 distributions

of 1000 individuals, were generated.

* If neither sagebrush nor shadseale is representative of rabbit

diets the question arises as to what plant species ~~~~ be ing

consumed. Currie suggests that the main sunnner forage was made

15
up of grasses

** Actual values on which Figure 2 is based are given in Appendix B. 
S
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3.4.1 Distributions of 100 individuals 
- -

Figure 3 shows 6 distributions selected from 24 produced by

the compu ter. Also shown are actual observations made under conditions

siiailated by the computer program. When one has only a few measure-

ments, it is often difficult to assess whether these measurements are

in accord with the model’s predictions or not. However, when the

observations tend to exceed predictions, it is usually possible to

infer whether the observations are drawn from some distribution other

*than that generated by the computer. For example, in Figures 3 A

and 3 B, appreciable proportions of the measurements made fall entirely

beyond the upper limits of the synthetic distributions (or beyond the

997~ level). In 3 B three of the 5 measurements fa l l  close to the mean

of the synthetic dis tr ibut ions, but two are beyond its upper l imit .

According to the predictions , the probabili ty of a value exceeding

100 n~.&c is very small, perhaps less than .01. Hence, the occurrence

of two values of more than 100 muc in a sample of 5 implies that we are

dealing with two different distributions. The implications of Figure

3 A are even more definite.

When the observations tend to be less than predictions, the

picture is not always so clear (sec 3 C and 3 D). In one of the

• * In ~~c Lollowing discussion it is assumed that the distributions of

100 values dep ict accurately the form of the true “theoretical”

distribution.

— Z 7 —
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examples (3 C), some of the obse rvat io ns act ua l ly fal l  below the lowe r - 

-

limi t of the synthetic distribution . But in Figure 3 D the obser-
vations, al though clus tered on the low side of the synthetic distri-
bution, are not so statistically unlikely as the very high observations
illustrated in Figures 3 A and 3 B.

The mean of the synthetic distribution shown in Figure 3 D is
48.5 and 46% of the cases fall above 40 ~~c. If the 5 observations
were drawn from a population approximating the synthetic distribution,
one would expec t all  5 of the observations to fall below 40 less than
5% of the time (~ •545 

= .046) . Fi gu res 3 E and 3 F i ll u s t r a t e
instances where the predictions and observations seem to be in accord s

3.4.2 Distrjbutjo~~ of 1000 individuals

The results given above neither prove nor disprove the applies-.
bi li ty  of the model. Signif icant  disparit ies between observations and
predictions do exist , but whethe r these represent some intr insic flaw
in the design of the model, or errors in estimating input parameters,
cannot be established. However, if one assumes that the model repre-

sents a good approximation of events in nature , and tha t the varia-
bil i ty of the inputs is reasonably expressed itt Section 2.2.2, then one

may inquire as to the general form of the frequency distribution of

• thyroid radioiodjne in a large population . The irregularities in the

distributions of 100 individuals may be largely eliminated by

increasing the size of the synthetic distributions to 1000. The form
of several such distribu tions is illustrated in Figure 4, and the

-28-



statist ical  at tr ibutes of 24 are given in Table 3.

3.5 ~tesults of Third Computer Simulation

Here the initial levels of radioiodine on ve~etation were esti—

mated from analyses of stomach samples. Figure 5 shows four synthetic

distributions generated in this manner and the ac tually obse rved

amounts of thyroid radioiodine.

4. DISCUSSION

4.1 Evaluation of the }t del

In view of the nature of the problem, the differences between

observations and predictions are not enormous. However, we feel that

something other than chance is involved in these differences. Are the

• disparities due to a flaw in the model or to errors in estimating one

or more of the input variables? Some light may be shed on this problem

• by considering the various parameters used in the model, and the manner

in which they were defined.

1) Amount of food ingested daily (1)). The value o~ 100 grams per

• day used in the deterministic model, and the distribution of D~ used in

the stochastic version, were based on a coxmnunication from Currie
15 and

a paper by Arno 1d~
6. Both worked with  jack rabbi ts , but Currie ’s work

was in Utah and ~~~~~~~ in Arizona.

2) The initial amount of radioiodine per gram of vegetation (I) .

This parameter io difficul t to estimate because it is excec&ngly

variable, and because the contamination must be expressed in terms of

the forage ac tually consumed by the herbivore. We have concluded that

‘ 1
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some of the disagreement between observations and predictions based

on bulk vegetation samples steam ed from analyzing plant species not

consumed by rabbits. The picture is improved somewhat by using

radioiodine analyses of stomach contents to estimate the initial levels

of rad ioiodine on vegetation. If one knew what plant species were

consume d by an herbivore , and what parts of the individual plants were

eaten, bulk samples would probably be satisfactory. Another problem

ari ses whe n samples collected, say, 20 days after the test are used to

estimate levels of radioiodine on the day of the test. We corrected

• for the disappearance of radioiodine from vegetation by using a 5.5

day half-life. There is considerable variability in this parameter

and the use of a 5.0 clay half—life could probably be justified as

well as one of 5.5 days. Whether 5.0 or 5.5 is used to calculate 
~‘.v 

in

the model does not make a great deal of difference , but when plant

samples collected in the latter part of July or early August are

corrected to July 6, the use of a half-life of 5.0 days ins tead of

5.5 days may increase estimates of initial levels of rad iotodin e by

as much as 207..

Finally there remains the problem of volatilization. Martin has

discussed the possible loss of radioiodine from vegetation samples by

volatilization8. That is, some of the radiotodinc present at time of

collection escapes before the material can be chemically assayed.

The stomach contents were air-dried in a hood at room temperature. So

here again there was an opportunity for escape by volatilization. We

- —
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conclude that If radiotodine analyses of vegetation are anticipated,

material should be placed in NaOH or thiosulfate solution to stabilize

the radiotodine present.

3) The absorption of ingested radiotodine and uptake by the thyroid (F).

We used French’s estimate of F.0.16 for sumer jack rabbits 1’1’. Adult jack

rabbits :annot be kept in captivity conveniently so we did not attempt to

est imate F experimentally. We did perform a feeding experiment with

Dutch rabbits in order to determine whether the biological availability

of radioiodine from Sedan fallou t was extraordinary . The results of this

experiment are given in PNE-236P, and indicate that the uptake of radio-

iodine from Sedan fallout by Dutch rabbits is about the sonic as that ob-

served in earlier experiments. Still, we have no way of knowing how

suitable French’s estimate of F for Idaho jack rabbits is for Nevada jack

rabbits. F is variable, and values as high as 0.35 were observed by

French. This variability was expressed in the stochastic version of the

• model but not, of course, in the deterministic (Appendix A).

There is also the possibility tha t some radioiodine was inhaled by

jack rabbits during the early days following the Sedan teat 9 , This

mechanism is not incorporated in the model.

4) The rate of loss of radiotodine from vegetation (~,, ). This para-

meter was estimated directly by repeated measurements in the field 
8
, and

is fairly close to an earlier estimate of Chamberlain and Chadwick 
17

The validity of our estimates could have been influenced by losses due

to volatilization between the time the samples were collected in the

field and the time of radiochemical analyses.

)
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5) The rate of loss of radioiodthe from the jack rabbit thyroid 
~~

The mean effective half-life, 2.5 days, and the distribution of this para-

meter were both based on work by French in Idaho ~1 (.693/2.5 — Xe).

When the first three variables are defined, modest changes in the

values of X and do not modify the predic tions of the model markedly.

If one ignores the differences between the magnitudes of the predicted

• and observed values, and considers only the rate of decline of these

values, one may show that the two half-life parameters (which determine

this rate) are approximating fairly closely the observed rate of loss

of radioiodine from jack rabbit thyroids. Consider each observation

and prediction for D+5 as unity. The the subsequent values ( on D + 10,

D + 15, etc.) may be expressed as some fraction of unity. The results

of this procedure are shown in Table 4 and Figure 6.

There is a general tendency for observed levels to decline more

rapidly than the model predicts. However, this discrepancy is not great

and we conclude that errors in estimating ). and L are not involved tov a
a great degree in the disparities between observations and predictions

of thyroid radioiodine.

—-- C ) —  
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Table 4-Observed and predic ted rates of decline of thyroid radio-

iodine in jack rabbits following the Sedan test of July, 1962 .

Values as of July 11 (D+5) are taken as unity.

Days Predictions Observations
after Groom Penoyer Railroad Currant I~ an of
test Valley Valley Valley observations

10 .78 .83 .79 .77 .27 .67

15 .48 .34 .38 .55 .18 .36

20 .27 .18 .15 .20 .22 .19

25 .15 .13 .12 .26 .06 .14

30 .08 .03 .10 .11 .04 .07

In view of the possible errors in estimating D, I and F, there

can be no reason to reject the model as formulated. For example, any

combination of errors causing a two-fold reduction in the produc t

of these parameters could account for the disparity be tween observations

and predic tions.

While it may never be possible to prove rigorously that the model

simulates exactly what is happening in the environment, we conclude

that the model merits further investigation. Future efforts toward

improving the estimates of input variables might well result in very

• close accord between observations and predictions.

There remains the problem of the variability actually encountered

in fallout fields and theoretically predicted by the stochastic simul—
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ations. Is there anything to be gained by a probabilistic approach?

Could one not simply infer the nature of the distribution of thyroid

radiotodine in a population of consumers by calculating the mean and

variance of a sample? This can be done, but our data suggest that

such a procedure should be prefaced by a log transformation of the

data. This conclusion is based on two points. First, consider the

distribution of radioiodine on plants. It appears more likely that this

distribution is lognorinal than normal (see Fig. 1, which is typical

of samples from all four areas). It will be recalled that the distrib-

ution of radioiodine on vegetation was assumed to be lognornial for the

purposes of the computer program, and this probably accounts for the

skewed nature of all of the synthetic distributions--which are normal

when plotted semulogarithmically. Second, consider tne nature of the

actual distributions of observations. We have only small samples with

which to work, but it is possible to infer something of the nature of

the distribution from which the observations were drawn. Two samples

from Penoyer Valley are considered in Table 5, one collected on July 16,

the othe r on July 26.

The actual observations and the means and variances of the samples

are given. It is possible to construc t normal curves fitted to the arith-

metic mean and variances of the samples , and lognorina]. curves Litted to

the geometric means and variances. Both types arc illustrated in Figure 7.

- . The distributions fitted to the geometric means appear to give a better

fit, Our conclusions are also supported by the findings of Snyder and

-35—
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Table 5 - Analyses of two samples taken in Penoyer Valley during July

of 1962.

July 16 July 26

Observations 388, 209, 205, 195 117, 37.1, 29.2 28.6,
(n~&c of 1—131 per thyroid) 172, 170, 130, 115 26.1, 20.9, 20.7 12.6

106

N 9 8

Aritimatic mean 187.7 32.6

Variance 7097 1103
I

Geometric ?~ an 174.5 29. 1
i

Variance of logarithms .0287 .0789
of observations

Cook, who analyzed the frequency distributions of amounts of trace elemen ts

and various radionuclides in human populations)’8’19 They sta ted: “The

• data now available are not sufficient to determine the form of the dis-

tribution of values, but suggest that it is not a normal distribution,

generally being skewed to the high side.”

From our investigations, the arbitrary assumption that the majority

of individuals in a population do not differ  from the mean by a factor

of more than 3 appears safe. In only two of 133 jack rabbits (in 24

• samples ranging from 5 to 9 individuals), did the thyroid radiotodine

burden of an individual exceed 3 times the sample mean. Furthermore , - ‘

Table 3 shows tha t only I. or 2 percent of the synthetic populations

— 36—
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of 1000 individuals exceeded this factor.

The stochastic simulations also permit some insight as to the cause

of the variability of thyroid radioiodine in consumer populations. From

• a theoretical point of view the probabilistic approach holds the promise

of not only linking the various events in the food-chain transfer of

radioiodine from vegetation to consumer, but also of estimating the

likely variab~1ity in one compartment of the environment when one has

only data pertaining to another.

4.2 Sedan Radioiodine Levels in Nevada and Radioiodine in ?~~1k

At no time in the course of our investigations did we make determin-

ations of radioiodine in milk from the areas studied. Groom Valley lies

within the boundaries of the 1~st Site, and in the three off-site local-

- 

ities (Penoyer Valley, Railroad Valley and Currant) there is little

- .  dairy practice because the range forage is poor. The few dairy cattle

maintained in these areas “normally araze on improved irrigated pas ture

rather than on desert range...”.2° Thus, some milk is produced in the

regions considered, and the U. S. Public Health Service has reported

radioiodine in milk collected near Fellini’s Ranch (3200 ~ic/l on

July 23), in the Whi te River Valley (730 ~ij~c/l on July 25), and in Ely

(2800 ~ tc/l on July 24) ,21 All of these localities are within the Sedan

fallout pattern, it is pertinent, then, to inquire as to the possible

• 
*ttDairy cattle as a rule do not graze desert range in central and south-

em Nevada.,,Milk production would be so low under these conditions...

that it would not be practiced by anyone in this area. ”2°
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effects  of the Sedan test, particularly when one recognizes that the U. S.

Public Heal th Ser-%iice data were taken more than two weeks after the event.

The first problem is to estimate the degree to which cattle food was

contaminated, Theme is no convenient way to compare the retention of

fallout by Atrj~plex or Artemisia with that of plants regularly consumed

by dairy cattle. Cattle forage on improved pastures, (~~. ~~
., alfalfa),

is much more dense than sagebrush in southern Nevada, so the total amount

of radioiodine per acre 2~ 
folia&e will be much higher in an alfalfa

field than in sagebrush desert. However, it is the amount of radioiodine

per unit weight of plan t material tha t is important to the herbivore.

In sagebrush desert, cattle range over larger areas in order to ob tain

their daily ration. Artemisia is an efficient retainer of fallout

particles. In the one study where its retention was compared directly

wirh that of alfalfa , leaves of sagebrush retained almost twice as many

particles/cm2 as did alfalfa, al though the gross p activity /cm2 of

sagebrush foliage was half that of alfalfa. On both species over 807.
22of the retained particles were less than 44~ in diameter.

The levels of radioiodine on vegetation as of July 6 have been

es timated both from bulk vegetation samples (of AtmipieLx and Arteinisia)

and from material in the stomachs of rabbits. Perhaps none of these

values is pertinent wi th  regard to food consumed by cattle. However,

this problem should be considered--even if in an abstrac t way. We

have adopted the levels of radioiodine on Artemisia in Groom Valley

-38-
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(abou t 20 miles from ground zero) and in the vicinity of Currant (about

110 miles from ground zero) as representative of levels which might occur

• on cattle forage. These values are 17.5 ri~ic/g and 0.9 u~ c/g respectively

(see Table 1).

If a cow consumes 20 pounds (9 kg) of dry material per day, the first

day’s diet is 158 pc in Groom Valley and 8pc at Currant, In the hypothet-

ical case described by Garner it was assumed that 1/4 pc/rn
2 
of vegetation

(= 4.4 n~ c/g) was deposited and that  the cow ’s f i r s t  day ’s diet  was

40 pc.
23 

Garner also assumed that radioiodine disappears from vegetation

with a half-life of 6 days, and under these conditions the amount of radio—

iodine in milk reaches a maximum of 0.16 pc/i 2 days after initial con-

tamination, and declines fairly regularly to 0.10 pc/i 10 days after con-

tamination, If the milk were consumed ininediately, a person drinking

one liter a day during the first 1.0 days after deposition of radioiodine

would consume 1.34 pc of 1-131. The Gurner model makes no assumption

as to when the milk is consume d, merely defines the amount of radioiodine

per l i ter at time of milking.

Using Garne r ’s assumption , the milk levels expected in Groom Valley

would be about 0.53 pc/i (with a maximum of about 0.63 pc/1,and 0.027 pc/i,

wi th a maximum of 0.032 pc/i , in the Currant area (Table 6).
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Table 6-Estimates of deposition of radioiodine on sagebrush, and

potential levels of radioiodine in milk, following the Sedan test

of July, 1962. The Federal Radiation Council recoimnends no more than

0.1 m~c per day (or 36.5 ~~c per year) for infants; 1.0 n~ c per day

(or 365 m~c per year) for adults ,24

Garner ’s Groom Valley Currant
hypothe tical (20 miles) (110 miles)

case

Estimated initial
deposition of 1-131 4.4 17.5 0.9(ri~ c/g)

1-131 consumed by cow
on first day (pc) 40 158 8

Predicted amounts of
1-131 in milk (mpc/l

Maximum* 160 632 32

?~ an 134 529 26

- 580 
- 

30

~~an - 431 22

* assuming effective half-life of 1-131 on vegetation is 8.0 days

**assuming effective half-life of 5.5 days

However, radioiodine disappears from vegetation more rapidly than assumed

by Garner so this fact should be considered. If one assumes a half-life

of 5.5 days, then the maximum levels would be about 0.58 pc/i in Groom
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Valley and about 0.03 pc/i at currant  (Table 6). Assuming a lag of 4 days

in processing and distribution of milk would reduce ch~ radioiodine to

about 707. of these levels.

We canno t define wha t rclation~hip the deposition of radioiodine

on sagebrush has to the contamination of cattle food. ~-~c believe it

unlikely tha t the amount of 1-131 on sagebrush dii [crs from that on

cattle food by more than a fac tor of 5. Even a 10-fold reduction

in the prediction in Table 6 would still imply a 10-day average of more

than 2 ~~c/i of milk at Currant. This is 20 times the l imit of Range II

recomeended by the Federal aadiation Council.
24 

Rence, we conclude tha t

radiotodine levels on vegetation even 100 miles f rom gr ound zero would

have temporarily resulted in levels of 1-131 in milk excccdin~; Range II

of the Federal Iladiation Council had conunercial dait-ies been operating

in these areas.
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Appendix A

FREQUENCY DISTRIBUTION ASSIGNED TO F IN THE OPERATION OF THE

PROBABILISTIC !~EDEL .

• 

- 

-

Number of cases Value assigned to F

2 .05
3 .06
3 .07
3 .08
4 .09
5 .10

.11
7 .12
7 .13
8 .14
9 .15

10 .16 r
8 .17
7 .18
6 .19
5 .20 • . -

4 .21
3 .22
3 .23
2 .24
2 .25
2 .26
1 .27
1 .28
1 .29
1 .31
1 .32
1 .35

. 
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APPENDIX B

PREDICTIONS OF THYROID RADIOIODINE (u~ c) BASED ON ANALYSES OF STOlVi~CH 
-

~

-
• 

CONTENTS ( F )  AND VEGETATION SAMPLES ( F )  COMPARE D TO THYROID P.ADIOIODINE

OBSERVED (0)

Groom Valley Penoyer Valley Railroad Valley Currant —

~~~~~~ 
~~~~~~~~~ 

~~~~~~ ~~~~ 
~~~~~~~~~ 

~~~~ 
(P

5
) 

~~~~~~~~~~ 

p
S~ ~~~~ H

5 467 195 523 239 117 110 111 59 49 26 12 27

10 386 153 409 188 92 86 85 46 39 7.1 9.7 21

15 160 94 250 90 56 53 61 28 24 4.7 5.9 13

20 83 53 143 37 32 30 22 i6 13 5.8 3.4 7.2

25 61 29 78 29 17 16 29 8.8 7.3 1.6 1.8 3.9 ¶
• 30 16 16 43 24 9.4 8.8 12 4.7 4.0 1.1 1.0 2.1
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2. Iodine-131 observed in jack rabbit thyroids and predicted on the

basis of radioiodine in vegetation samples and stomach contents. 
-
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4. Synthetic distributions of 1000 individueis predict.d from

radioiodine in vegetation samples.
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TECHNICAL REPORTS SCHEDULED FOR ISSUANCE
BY AGENCIES PARTICIPATING IN PR OJ ECT SEDAN

AEC REPORTS 
- 

—

AGENCY PNE NO SUBJECT OR TITLE

USPHS ZOOF Off-Site Radiation Safety

USWB 20 1F Analysis of Weather and Surface Radiation
Data

SC 202F Long Range Blast Propagation

R EECO 203F On-Site Rad-Safe

AEC/USBM 204F Structural Survey of Private Mining Opera-
tions

4 
FAA 20SF Airspace Closure

SC Z1IF Close-In Air Blast From a Nuclear Event in
NTS Desert Alluvium

LRL-N 212? Scientific Photo

LRL 214P Fallout Studies

L.RL 21SF Structure Response

LRL 216? Crater Measurements

Boeing 2 17? Ej ecta StudIes

LRL 218? Radioactive Pellets

USGS 219F Hydrologic Effects, Distance Coefficients

USGS 22 1? Infiltration Rates Pre and Post Shot

UCLA 224 ? Influences of a Crater ing Device on Close-In
Populations of Lizards

UCLA 225? Fallout Characteristics
Pt. l and II

- 

- 

~~ 



-~~~~ - -  

I

j

TECHNICAL REPORTS SCHEDULED FOR ISSUANCE
BY AGENCIES PARTICD’ATIN G IN PROJECT SEDAN

AG ENC Y PNE NO. SUBJECT OR TIT LE

BYU - 226? Close-In Effect .  of a Subsur face Nuclear
Detonation on Small Mammal, and Selected
Invertabrates

UCLA 228P Ecological Effects - -

LRL 231F Rad-Chem Analysis

LRL 232? Yield Measurement s

EGG 233? Timing and Firing r

WES Z34P Stability of Cratered Slope. L
LR L 23S F Seismic Velocity Studies • 1

________________________
DOD REPORTS

AGENCY PNE NO. SUBJECT OR TITLE

USC-CS 213? “Seismic Effects ~‘rom a High Yield NuclearCrate r ing Experiment in Desert Alluvium”

NRDL 229P “Some R .adiochemical and Physical Measure-
ments of Debris from an Underground Nuclear
Explosion”

NRDL 230P Naval Aerial Photographic Analysis
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ABBREVIATIONS FOR TECHNICAL AGENCIES

STL Space Technology Laborato:ies, Inc., Redondo Beach, Calif.

SC Sandia Corporation, Sandia Base, Albuquerque, New Mexico

USC&GS U. S. Coast and Geodetic Survey, San Francisco, California

LR L Lawrenc e Radiation Laboratory, Livermore , California

LRL-N Lawrence Radiation Laboratory , Mercury, Nevada

Boeing The Boeing Company , Aero-Space Division, Seattle 24, Washington

USGS Geological Survey , Denver. colorado, Menlo Park, Calif., and
Vicksburg, Mississippi

WES USA Corps of Engineers, Waterways Experiment Station , Jackson ,
Mississippi

EGG Edgerton , Germeshausen, and Grier, Inc., Las Vegas, Nevada,
Santa Barbara, Calif., and Boston, MassachLsetts

3Y U Brigham Young University , Provo, Utah
— 

ICLA UCLA School of Medicine , Dept. of Biophysics and Nuclear Medicine,
Los Angeles, Calif.

RDL Naval Radiological Defense Laboratory, Hunters Point, Calif.

SPHS U. S. Public Health Service, Las Vegas, Nevada

5WB U. S. Weather Bureau, Las Vegas, Nevada

iBM U. S. Bureau of Mines, Washington, D. C.

Federal Aviation Agency , Salt Lake City , Utah

ECO Reynolds Electrical and Engineering Co., Las Vegas, Nevada
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SUPPLEMENTAR Y DOD DISTRIBUTiON FOR PROJ ECT SEDAN

PNE NO. DIST. CAT. PNE NO. DIST. CAT. PNE NO. DIST. CAT.

200 26, 28 214 22 6  12

20! 2 26 215 228 42
202 12 216 14 22’~ .~o ‘2

‘03 28 21 7 14 230 lOt)
204 218 12 14 2 3 1  22

205 2 ~~~~~~~ 14 4
21! 12 221 14 2
21 2 ‘)2 , 100 224 ~I 2  2 34 1 1

2 13 12 , ‘4 .!2’~ 2 (~ 11

In .‘ ddtt I~~1II • one ~-op v  ot reports 2() I , 202 , 20 • 2 1 1  . 2 11 , 21  ~ , 21 (~ , 2 I
21 8 . ~~~~ 22~~, 22 ’) , 2 40 . .!~~2 , 2 44 , ,ItId 2 4 ’~ t o  e ac h  ot t h e  t o I l u w m~~:

Tht Rand Corp . Mitre Corp.
1700 Main St. , fledf~rd , Massachusetts
Santa Monica , Ca l i fo rn i a
Attn: Mr. Ii. B rode Gene rat Ai-ne riean 1’ r ansp o  r t at  ion Corp .

Met  h a n ic  s Re sea r ch  Div .
U. of Illinois , 750 1 N. Natehe:. Ave. ,
Civil Engin e e r i n g  Ha ll  N iL es  48 , ILl inoi s
Urbana , I ll inois
Attn: Dr. N. Newm ark  Attn:  Mr. T. M o r r i s o n ;  Dr.  Sch i l f m an

Dr. Whi tmanStanford Research Ins titut e  - .
- . Massachusetts Institute ol Fe c h no l og yMenlo Park, California -Cambrid ge•, Massachusetts

Attn: Dr. Va~(e

F:. H. Plesset Associ .ttes
1281 Westwood Blvd. ,
Los Angeles 24, California
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