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somewhat larger dhe to the short-lived iodine isotopes (1) and the yb

from Pacific and Russian tests.

yi3t is a Fission product formed in nuclear explosions. It and

other products are carried in the air downwind from the point of detana-

tion. When this fallout settles on pastures, the exposed forage becomes

contaminated. yi3t appears in the milk of cattle ingesting yi31 in their

feed. If wan drinks this radioactive milk, yl concentrates in and

irreadiates his thyroid gland. These processes suggest 5 ways for estima-

131
ting thyroid exposure from I They are listed in decreasing order of

valicity in Table 1 and will be discussed separately.

Table lL

WAYS OF ESTIMATING THYROID EXPOSURE

it in thyrcid gland
I in milk
Gamma activity in pastures
Beta activity in air
Fission yield and fallout trajectory

mHyRoD
The most direct way to evaluate I

131

m
o
o
w
r

131 dose to the thyroid is to

measure its I contest by »~rey counting. We measured yb! in 24 people

during theUtah nm. fartdent of 1962, but unfortunately failed to include

    

  

 

sitea se 43) Qrildren 0-2 years old are regarded as

most a 'geaiation damage because of “@) the emall size of

ach aq ioe presumed greater sensitivity to irradiation and

appear. A drawback to thyroid counting is that specialised equipment is

required and only a Limited mmber of people cen be evaluated.

p. 2) my wrx

Fresh milk is by far the major source of fallout yi for our
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activity wed(ahto activation of stable elements by neutred eagture (fer

cumple, te8ew). Using the increased y-activity on the ground as

an ints of Till ccotentuntion tn eposed forage, I?) ingeeted by enttle

end subsequently appesriig in milk can be estinnted. The amcunt of ean-

taminated feed consumed needs to be lmow unlesethe correspondence between

pectivity on the groundand I) activity in the milk can be established

for a similar incident under the same farming practices. Game eeasure-

ments were wade by othere during the 1962 incident. then (if7) thgse

tots ere released it should be possible to eetiante tte 17? eating fren

previous incidents by this ssthod.

The Utah State Departeent of Health began daily sexsurenente@ |

gross beta concentration in air et Suit Lake City im 1956. Sp. Great 3.

Winn hes ands these complete sapesde putijable te an. Gualip oix wee

Gomm themagh 0 filter continseeslyfer ict 1 hewre. fm Ge tise

gate ware bee-commead9fN68'8 etalwitt Qevatly £-FTomaetan.

  

tests. ttecua211 tecegredduringponte =wwok

particularly helpful im cociguing at cumertretionte pletiigill sali.”
Additional air beta eesesrenente have been ande im Utah hy other a

 



 

 

  

Table 2

AIR (ETA COMCDI TAT ONS Toa UTAH
os i a

ALL sampLeg“were Ta.e@n ut jalt ba-e City Tne Leah State Department of
sea.th except for the tests Easy (Cos m YTS Annie (St. George)
anc Harry (St.cers,

AIR , AIR
“ova NAME STATON URS BURST poo dent HOURS rs ay
“PLoS TON OF TEST TTELD TO ASTAY AT ASlAY AT 24 HRS SAMPLED et
_ pc/m

va? 52 EASY* Le ? 25,000 ?

25 MAY $2 FOX* li 2 1.occ* ?

17 MAR $3) ANNIESS : é.24 £47 Cae 8673 9.59
5.13 %3 ,,000 7693 5.08
3.67 5,000 1690 §=4.00

13.75 4,000 2048 4.17 |
19.97 L,OGO 802. 10.16 %,817

L) MAY 53. HARRY «4 32 3.76 4,170,600 45C,360 §.33 a
8.04 2,380,000 642,600 3.25 e
11.67 630,000 264,600 4.00 .
15.80 U4 000 26,620 4.25
21.75 14,900 12,432 7.17 239,564

28 MAY 57 BOLTZMANN 12 129.58 266 2,014

2 JUN 5? FRANKLIN 0.14  3%.08 44S 676

18 "UN S57 WYLSON 10 §5.37 675 1843

> JUL 57. HOOD 74 28.08 498 603

.5 JUL $7 32.58 7,090 10,281 2.50
33.37 3,000 4,410 2.50
35.58 2, ako 3,904 2.50
a0. 75 1,387 3,566 $.08

| 2.90 258 660 11.42 3,006

24 JUL 57 36.00 644 1,080 7.92
§$.59 73 200 16.09 4680

18 AUG $7 SHASTA 17 35.00 Tyaea.
35.75 3,164 5,094 2.93
39.83 2,260 4,158 %.00
$2.42 1,245 3,175 12.33 3,212

*Air coneentrations from Ref. 6. Time from burst to assay not given.
**Air concentrations and times are to mid-sampling period; data from Ref 8.
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NEVADA «NAME ~_——sKILOTON HRS BLRST — an HOURS AIR
EXPLOSION OF TEST VIEUD TO ASSAY “AT AStAY AT 24 HRS SAMPLED WTD. jAv.

pc/m

231 AUG $7 DOPPGER il $4.67 332 1,485

30 AUG $7) FR. [RIME 4.7 75.08 1su 645

31 AUG 57 SMOKEY Gy 74.33 251 1.463

¢ SEP $7) GALILE> t2 75.06 923 3,647

5 SEP 5? WHEELER 0.2 27.98 Lbs 142

i6 SEP 57) NEWTON. L2 26.92 7500 8,523

23 SEP 57 WHITNEY L3 81.06 137 590

28 3EP 57 CHARLESTON 12 G8 .33 2ie 1,152

7 OCT S$? MORGAN g 57.58 878 2,51, 6.33
78.25 2153 888 17.67 2,316

22 OCT 58 SOCORRO 6 73.50 S01 1.914

30 OCT S8 BLANCA 19 100.00 533 2,958

6 JUL 62 SEDAN 100? 49.00 900 2,115*

7 JUL 62 L.FELLER [I<20 51.00 102 250

ll JUL 62 JOMNIEZ BOY <20 Se .08 16 “ul

14 JUL 62 SMALL BOY +20 $0.25 &50 1089

i7 JUL 62 50.42 1l 2?

“wis

 

the Sedan yield was trom fission (5).

of the fallout activity from Sedan was due to neutron activated
(1G} which is not a fission product. Less than 30 kilotons of



 

7
~fn

agencies, but thus far [ have cusc.vered onl, cwo ceterences (6:3) giving

ome of these results. Further data ar: tevded - especially for the yeaws

L35L, 1952, 1987 and 1355.

To allow tar cirferent time: of arrival. I have atiusted atic concen-

trations to a common relerence time of 1 day, after wot nation assuming a

(time) 1*¢ variation in activity. Unfortunately, reference (6) does not

zive the time from burst tc assay for the Easy (7 May 32) and Fox (25 May

92) shots. Results are Listed in Table @. Tunes of explosion and kilotan

yields are from The Effects of Nuclear Weapons 1962 (9)

In some cases a mumber of air samples were taken scrially during a 24

hour period. In such instances each adjusted air concentration was multi-

plied by the fraction of a day it was sampled. Then these results were |

added to obtein the weighted average concentration for the entire 24 hour

period.

If one assumes 2 proportionality between beta activity in the air and

yi3t reaching man through the food chain it is possible to crudely estimate

thyroid exposures for those years for which air data are available. Results

are shown in Table 3.°

  
Table 3

YEAR “Gn 2 ESTIMATED AV.
OF . a, DEANT TKYROID

1952 ae so
1953® re ? ?

1985 ? ?
1957 30,450 8.6
1958 : ¥,872 lel
1962 3,522 1. 9eee

*St. George , 240 , 000 68

**Time after burst, not given ©) | has been assumed by me (perhaps incorrect-

ly) to be 1 day.

**tCalculated from measured [
— emma

131 i, milk.



It ~ust be re: .zed that the .il..: .n Table 3 are subject to great

uncertainties, the greatest of wh..s tro Dably how well (or poorly) a

Single air nwomitor station can savpie . tiilout trajectory. Contamination

of ummeritcrei parts of the state were undeubtedly both higher and lower

than indicated Sy ‘ese estimates. it is cznknown how closely the dairy

practice in St. George, Utah corresponds to that for the state as a whole.

In 1962 every case of high 173+ in milk couid be traced to grazing on con-

131
taminated pasture or using contaninatei feed. Very little I appeared in

the malin of cuttie exclusively eating feed which had been stored prior to

the contaminating event (<5 3)

Most of the air beta in 1962 was from the Sedan shot (223+%5) gue

much of the Sedan activity was due to neutron-activated wi8? (10) | Gar

measurements of milk collected between the Sedan and Small Boy shots indi-

cated thar about 75% of the 129! from the July 1962 tests was from Small

Boy alone G3). Normalizing to the 1089 pe/m? and 0.75 rad from Small Boy

would increase the estimated doses for previous years in Table 3 by a

factor of 2.4. On the other hand, if the averege intake for the total

state is assumed to equal the USPHS value for the Salt Lake City milk peel,

all estimated doses in Table 3 should be miltiglied by 0.6.

 

   

 

iebeta “Gate were available (to me) for the mijor silk

“yeah fan 19S1, 1953 and 1955. ‘Therefore, another sethod

, the expeeure for these years. 5! ncosure was

assumed proportional to the ytelds of nuclear devices detonated between 1

April and 31 October of each year. Vegetation eaten by ailk cows does not

grow in the winter and thus is unlikely to be contaminated with yt from



 

ge

winter shots. The same holds for a number of other fission products and

suggests an excellent wey to conduct nuclear tests with a ninimm of ex-

posure to the population.

In additicn to all of the Limitations described in the last 2 pare-

graphe@ of the preceding section on air beta concentration, one must add

uncertainties in the direction of fallout and its rete of descent.

Meteorological trajectories (for constant altitude) are available for the

tests in 1953 @) | 19570 ) and 1962 (3) but what we really need are the

upper-air fallout (U.F.) trajectories which predict the deposition of

fallout along the ground.

Thyroid dose estimates from fission yields are given in Table 4.

Table &

THYR ES F F ISS [ON
YEAR KILOTON YIELD . AV. YINBANT

OF TESTS APR31 DOSE
1951 0.%
1952 64 1.6
1953 —~ 2§2 6.3
1985 se 2.0
1987 34 8.6*

1958 $7 1.4
1962 — ? 1.0

These estimates oould be recesputed independently if the yields

of the five tests of July. 1962 were released. The sum of their fiasion*

yielde <te-be: "less than” 118 rstetons ©), but how wuch Less,
a “aatiete-worth (which way not be much), Table 4 pre-

tone flasion yield during July 1962. ‘There my be

‘gpsons for withholding this inforwation.

   

 

  
* The 8.6 red dose for 1957 was estimated from the enlculated 1.0 red dose
for 1962 and the air beta cencentrutions for 1962 & 1967 (eee Table 2).

® Dunning states that about 1099)k41Lotons of fission was relanéed pricr to
1959 at the Nevada test site The total Ejreton + fusion) yield for
Neveda tests prior to 1959 was 1036 kilotone Thus virtually all was
fission.
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COMPOS FTE DCSE ESTIMATES
 

Combining the results trom air teta concentrations (Table 3) and

-.uton yields (Tatbl.: %) the follewing isc estimates are presented in

 

Table S$. Scpulatlons estimated from i.ii0 . 1969 2. S. Census and reg (7),

Tabac 3

SUMMARY OF DOSE ESTIMATES

YEAR UTAH INFANTS EST. AV. TH. LCSE (RAD)
OF TEST NRER 2 YR \IR BETA YIELD MEAN

LoSL 4 , ORO 2 9.4 O.4

‘jae 62,206 3.9 L.6 3.8
Los3* 43,009 ° 6.3 6.3
1395 3.000 ? 2.0 2.0
i957 UF 500 3.9 8.6 8.6
1953 GE OOR 1.4 1.4 1.4
LYoe2 33, 900 1.9 ? 1.0

“Ct. George 799 68 - 6

Agreement between the 1957 dose estimates is a consequence of the way

_the data was normalized and signifies nothing. The agreement between the

.258 estimates may reflect the fact that the air beta measurements in 1957

and 1958 were made at the same place (Salt Lake City) by the same agency

(utah State Department of Health). However, the 1958 agreement may be

fortuitous. 4 larger difference is seen in the 1952 estimates when the air

samples were taken at Ogden and Price by a different agency and the times

(6)were not given’.

eet oie a

after detonation
Aum       

 

   
   

we t in the 1962 incident individual doses ranged

» wete at least LS times the state average ©») and

haveprobably occurred in previous years.

Despite the Limited accuracy of these estimates, $5 conclusions are

suggested:

(a) The exposure in 1962 was small compared to that during several pre-

ceding years.



(5) The worst years scem to be 13953 an? i957.

“t) Many Grah chis.i or have received thyrcid Joses of several reds.

(ad) The St. Gearge exposures were sizable.

(e) These ccse estivates need to be improved. In particular, field gamma

data shouid be releascd; air beta concentrations shculd be nace available

Tor 1951, i952, 1353 and 1955; and if not contrary to the interests of

national security, xiieten yields for the July 1962 tests are needed.

Perhaps a future “im ident’ will provide the needed calibration check!

PREDICTED TH.CID CANCERS
 

I realize that any attempt to predict an increase in cancer due to low

doses of radiation is subject to great inaccuracy and criticism. This is

especially true when the dose estimates are so very approximate. There

fore, it sheuld be understood that the following estimates were made pri-

marily to indicate whether or not an effort to search for increased

thyroid cancers would be justified.

Archer anc 5 impson1) have tabulated 10 thyroid cancers in 2253

children x-irradiated as infants for “an enlarged thymus" with an average

dose of 225 rads, and an average follow-up time of 14.5 years. At present

we have no tion en how many additional thyroid cancers will develop
. i na

   
  
at later : m 38.5 years. They have calculated that 0.05

| dencere should have been expected normally in this

el iyperiod. Assuming a linear relation between
me

dose and incidence’, there should be l case per 50,000 read-children.

* To my satisfaction this relation has neither been proved or disproved
adaquately for thyroid cancer.



no ere - TURE:

\~ ‘ ee
Nw

. yo. o, ~ ijl,
There ile S@re 2. dence flat othercid trersdlaticn from I 13 OMriy

co Lelf as effect ..-: as x-.rraduateocn (2 orcdve nz thyroid cancer ina;
om te

rats, but it {$8 unkncun whether this relatien also applies tc the human

infant. Tie credicned numbers or teyrcic cancers in Utah children are

tabulated in Table 5 I_r beth a relative biolcgical effectiveness (™.B.E.}

ef Ll and a R.D.E. of 3.1. These values are compared with the number of

“spontaneous” cases exvected by aze 15 years. Children are arranged by

age recognizing that some children were irradiated at age 0-1 and again at

age 1-2. Irradiation received at age 2 and older has been assumed arbit-

rarily (aithough pernaps incorrectly) to be without effect.

 

 

    

 

   
 

Table 6

PREDICTED THYROID CANCERS IN UTAH CHILDREN :

AGE NUMBER OF EST. AV. TH. PRED. TH. CANCERS
IN 1963 CHILDREN DOSE (RADS) RBE = | RBE = 0.1 "SPON."
13 20,000 0.4 “?).16 0.02 9.4g"
12 20,000 4.2 1.68 0.17 0.44
Ll* 21,000 10.1 4.24 0.42 0.47
io* 21,000 6.3 2.64 0.26 0.47
9 22,000 2.0 0.88 0.09 0.49
8 22,000 2.0 0.88 0.09 0.49
7 23,000 8.6 3.96 0.40 0.51
6 24,900 10.0 4.80 0.48 0.53
5 24,000 1.4 0.67 0.07 0.53
y 25,000 0 0 0 0.55
3 25,000 oO 0 0 0.55
2 26,000 1.0 0.52 0.05 0.58
1 ar= 2) 0.52 0.05 0.60
0 “  Q 0 0 0.60

0.95 0.10 0.02

6.4 21.90 2.20 5.57

foal’ mumber of fallout-induced thyroid cancers is 22

(for an R.B.E. of 1) or 2 (for an R.B.E. of 0.1). These would be in add-

ition to the 6 "spontaneous" cases expected to develop in this 1/4 million

children during their first 15 years. The large number of irrediated

children provides a rare opportunity to test the hypothesis that small



seses to the inf@ar tnyr.-c .ron 1 3 me, - utes paige lee

1s are large duses -f .-f:yS @iruntay ©...

On the othér hand. if an 220 cf C.i is closer > the truth, then it

will be diflicwlc te separate tre radaatiin- induced cancers frem the “spon-

taneous". Ome sannct nein but wonder what rraction cf the sc-called “spon-

taneous” <ancers are in fact cue to medical x-rays given before or after

birth.

If a sufficientiy high threshceld exists for the induction of thyroid

cancer by irradiation, cnen there nay be no cases caused by fallout.

The fact that many children were born when there was no testing with-

in 2 years of birth provides an internal control by which the noraal &

 

incidence of thyroid cancer in Utah can be established. Also, the .

distribution of fallout suggests that slightly contaminated areas “Gould

serve aS controls for those heavily contaminated. Finally, the fact that

with other factors being equal, ysl dose is proportional to milk consump-

tion Suggests that in theory the low milk drinkers could serve as controls

Sor the high milk drinkers. However, from the practicel standpoint, the

work and uncertainty in estimating individual milk consumptions in retro-

spect doesnetieus x gising except for limited areas such as St. George

tion is the prediction that the mmber of cases

  

  
  

jared to that for the state as a whole. Ie is

indeed fortunate that ‘only a few hundred children received high exposures.

Crude as these dose estimates are, they indicate the advisability of

studies for possible delayed radiation effects in Utah. To be fruitful

such studies should have long-term support and look for other effects in

addition to thyroid cancer.
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