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I. INTRODUCTURY Ril..HRKS AND JSUMMARY O .ol IMUNY

To the general public, the most important question about
fallout from nuclear tests is: “-hat 1slthe risk of medical
harm to the popuiation as a result of fallout; if there is a
risk, what can be done to reduce it?" .ince its inception,
the United Jstates program of nuclear tests has inclhded a
considerable effort to determine the deposition of fallout
outside the actual test area, to estimate the possible medical
hagsard of such ftallout to persons exposed to it, and to warn
of needed countermeasures when the occasion arises. Contributing
to this effort has been the work of the AEC, the agency
directly responsible for nuclear test operations, the U. S.
lublic Health oservice, and the hearings conducted by the
Congressional Joint Committee on Atomic Energy.

Two separate aspects of the problem need to be considered:
(a) The medical risks to the tota]l population resulting from
the widespread dissemination of radiocactivity from tests which
occur anywhere in the world. (b) The medical risks to iocal
populations, resulting from relatively short-range fallout
which spreads rapidly from the test site in Nevada to surround-
ing communities, and sometimes - depending on weather condi-
tions - to distau® areas in the continentai United States. The
first of these p.uvh'ews hes been given extensive consideration
receantly; the St. Touis Citizens' Committee for Nuclear Infor-
mation (CNI) has previously sudbmitted extensive testimony rel-

evant to it.
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In the prosedt testimony we are concerned with the second
part of the problem: What medical risk may be faced by local
populations as a result of saort-rarge fnllout from the Nevada
Test Site? The Technical Nivision of CNI has made a detailed
analysis of this prouvlen which way be summarized as follows:

1) The AEC has maintained a system for monitoring fall-
out radiocactivity in regions surrounding the Nevada Test Site,
in order to =csesr the p-.giinle hazards to loncal populations
and to warn of ieedod precautionary measures. Many of the
radioactivity readings odbteiae? during nucloar tests, conclu=-
sions regarding possitle meiical hazaris, and recommended coun-
termeasures have been presented ty the AEC in reports snd in
testimoay before this “ommittee. The general conclusion put
forward in these ASC repor<s has been that the test prograa
has been carried out without any discernible threat to the
safety of local gopulstions. In some instances local groups were
advised to stay indoors for a short period, or to evacuate,
briefly, a particular iocation in which excessive exposure was
expected.

2) 1In contras: our analysis of the same monitoring data
published by the iEC si:owa ~hat as a result of nuclear tests
at ths Nevadud Tust Sitce in <he periald 1351-62, a number of
local populstions espe-ially ia Nevida, Utah and Idaho, and
prodably other comiunit_.es icattsred throughout the contin-
ental United States Lave bean exposed to fallout 80 intense
as to represent a wedically unacceptable hazard to childrea
who may drink fresh locally-produced milk.
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3) The reason for the serious discrepancy between AEC
conclusions and our own conclusions regarding the safety of the
Nevada test program is the following: ’

Nearly all monitoring data reported by the AEC represent
rediocactivity wmeasurements of either the gamma-ray intensity
emanating from the ground, the total beta-radioactivity depo-
sited on a gummed film placed omn or near the ground, or of total
beta activity in the gir. There are established safety stan-
dards regarding exposure to the bdody from a given level of
radiocactivity which has its source gnggigg the body. These
standards for gxterna] exposure have been used, by the AEC,
to evaluate environmental radiocactivity measurements Quring
nuclear tests. In most cases, the measurements in the regioas
neighboring the test site did not exceed this safety limit,

The AEC therefore concluded that there was no bazard to the
neardy populations. In the few instances where the gazme and
beta measurements indicated that this safety level for exter-
nal exposure would be exceeded, protective measures (remaining
indoors, or evacuation) were recommended,

The foregoing AEC interpretation of gamma and beta redia-

tion measurements is, however, valid only 1f the fallout whigh

gives rise to this redioactivity does not epter into the food
sheip. If fallout radioisotopes do enter the food chain and

£find their way into the body, certain isotopes become highly

' concentrated in a particular part of the body and expose it

to very intense rsdiation. Safety standards for gxterpsl
exposure are then no loanger applicable. Iodine 131 is a par-
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ticular problem én this regard for it becomes quickly concen-
trated in the thyroi! gland when taken in with the food.

Thus if a‘gamma radiation monitor in a pasture outside the
Nevada Test 3ite shows a reading of .087 r/hr at 12 hours
following the time of a nuclcur te.*, wmeasured at three feet
above ground level, this inlicates the avparently maximun safe
level, since the permissitle standard for continuous exposure
from a source crsterna’ tr tie tody i~ 3.9 r/year (effective
biological !lo3e), whirh i5 e¢7ulvalent to a doce rate of .087 r/hr
at 12 hours fcllowing a test. hLowever, if a milk cow feeds on
this pasture and its nilk ic frechir ~onsumed by a small child,
this conciusiorn lecomes 11val.d. Unier *hese circumstances it
can be shown that this eame gamma reading (1.e. .087 r/hr)
probably rﬂrlects'a concerntration of indine 131 in the grass,
which after passing into the cow's milk and being consumed
by the child may deliver to the child's thyroid gland a radi-
ation dose of 175 to 1200 rads. This dosage exceeds even the
safety standards ‘or raidiation orkers (30 rads to the thyroid
per year) by a frxtor of 5 to 4N and is s0 high as to repre=
sent a gericus porantial ~ause of thyroid cancer.

Thus the J. :onciusiens Tegarding safety in the Nevada
Test Site region become irnvalid if it can be shown that the
readings or whi~h tli*v arc¢ based were taken in the repions
in which rilk cwwe grize a0 rreduce milk that is freshly
consumed by cnildren localiy. Our study of a nunber of regions
around the Nevada Test Site shows that in many cases fallout suffi-

clently intense to contair. such excessive amounts of iodine 131
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has probatly occurred in areas which produce milx that is
freshly consumed by significant numbere.ot children. Thereo-
fore the published values of gawuma and Eeta radiation indicate,
in many instances, no'. trhat ~he ;;epion 18 totally safe for its
inhabitants, but that local children have been subjected to
grossly excessive radiation dores to their thyroid glands.

Washington county, U/tah with a live tirth rate of more
than two hundred can cerve aJj an example of the problem con-
fronting communities around the Nevada Test Gite. At least
seven times since 1952, Washington courty children received thy~
roid doses in the 5 to 10C rad range or higher. Milk for
these child?en seems to come almost entirely from local
dairying. Even in the largest town, ut. George (pop. 5,000),
one dsairy collecis milk only in ;ashington county and another
froz cows in three surrounding counties. Hence, farm children
drinking milk frcm the farily cow were not alone among children
exposed in ihe county. On May 19, 1993, in the whole of
Washington county 6K gamma readings froxm shot "Harry" show that
the minirum dose a chiid probatly received would be 50 rads.
St. Gecrge received 10C %o 7OC rad possible thyroid dose and
Hurricane showed i5C to _C rad values. Later, on August 31,
1957, shot "Smoky" of the Plumbob series delivered an esti-
mated 10 tn A/ rad thyreid «.se over an 8000 3quare mile area
outside the Nevada Test LGite, ncluding Washington county.
The local fallout pattern from that shot spread significant

doses as far as 700 miles north to Rock Springs, Wyoming.
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It aight ﬁe auaded that the Atom.c Energy Commission issues
licenses for the handling of iodine 131 concentrations higher
than .02 microcuries pec liter. Our‘estimateu show that dozens
of times the milk in these sreas could contain more than .05
microcuries per liter. OJtrictly speaking, the farmers and
dairies should have had an AFC license to handle the milk at
all,

4) The biological effects of radiation exposure of the
thyroid, at the levelis sxve=ted in the region of the Nevada
Test Site, are readily deiucea froc the available literaCurc,
There 18 goncral aciculifin uéxcomcuh that radiation in
sufficiently large doscgc can cause thyroid cancer. It is also
agreed, as stated in the Federal kadiation Council Report No, 2
(September 19G1), that "the child's thyroid is more scnsitive
to the carcinogenic effects of radiation than the adult thy-
roid. This conclusion is based vpon seversal studies in re-
cent years of the sccurcence nf thyroid carcinoma in children
who had previously received therapeutic X-irradiation in the
neck region for eniarged thymus or for other tenign head and
neck conditions. 7lre incidence of thyroid carcinoma in these
children was siznificartly higher than in control groups who
had not bLeen previously ir.adiated. In these studies cancer
of the thyio'. wac observeu ia children after exposures as low
as approxinmat :ly 1) rew "

Thus, the pocs lie tiy.-id radiation exposures of children

near the Nevada Teat Site if clearly in the range considered
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carcinogenic by the Federal hadiation Council. On the assump=-
tion that the induction of cancer is profortional to radiation
exposure, an estimnte of risk can be nade, Beach and Dolphin,
of the United Kingdom Atomic Energy Authority, congsidering cev-
eral sources of data, calculated that, on the average, 35 cases
of thyroid cancer may be expected per million persons exposed \
to one rad of thyrold radiation. In terms relevant to the
present testimony, 1 ia 2845 children éxposed to 100 rad thyroid
radiation may develop thyroid cancer. By any standard, this
is an unacceptatle risk

Estimates of radiation damuge are difficult, not only
because of -the uncertainties of some of the assumptions, but
also because damage doec not become evident for wany years
after the exposure has taken piace, The average latent period
between radiation and cancer of the thyroid approximates 10
years; in some instances, the latent period may extend to
20 years. If the thyroid radiation exposures near the Nevada
Test Site are as 1igh as suggested in this testimony, careful
medical follow-up of exposed populations might yield evidence
of damage by this “..me

5) A survey o! “hr available gamma and beta radiation
measurements of “ailout resulting from 31 of the total of 99
tests conducted ‘1 Nevacds ir the‘period 1952-58 shows that
conditions wvliich ' inde. the circumstances stated above) lead
to hazardous thyro.l exjposires in children have occurred not

only in areas neighboring the Nevada Test Site, but also in
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local regions scattered across the coantinent as far as Troy,
New York. Tﬁia comes about ns a result of weather conditions
at the time of a particular exyliosion, which tay quickly carry
fallout ut high altitudes (or zany miles, and then precipitate
it to the ground where an intense thunderstorm occurs, Local
fallout depositinn vhich cou.d have resulted in thyroid ex=~
posures to children in the range of 5 to 40 rads have, for
example, occurred in %'roy, New York om April 26, 1953 and in
Roswell, New Mexico on April 2%, 1953. Galt Lake City values
were 3 to 18 rads for fallout on lMay 7, 1952, and 2 to 12 rads
for fallout on March 24, 19-3.

6) This hazard has arisen not only from nuclear tests in
the atmosphere and at the earth's surface, Sut 8180 as a re-

sult of certain underground nuclear tests. Venting (produo-

tion of radicactive clouds capable of producing fallout) has
been reported for at least seven underground nuclear tests:
Shot ESS of Uperation Teapot, September 15, 1961; Project
Gnome shot, Decemter 10, 196€1; the Des Moines shot, June 13,
1962; Project Sedan, July €, 1962; and shots on March 5, 1962,
April 14, 19G2, «ad May 19, 1%2, 4ilthough data for thesge
shots are relative'y limited, we calculate that, for example,
fallout from the undeiground Gnome 3hot delivered sufficieat
fallout to tre vicinit» of Carlsbad, New lMexico to cause thy-
roid levels of fror 7 to 55 -ads in children, under the cir-

cumstances outl.ncl above.
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?7) If the gamma and beta radiation measurements taken
during Nevada tests had been correctly interpreted at the time
that they were made (i.e. taking into account the recultant
exposure to children's thyroidc where the food chain conditions
led to iodine 132 intake), simple jyreventive measures could
have been taken to avoid exposure. This would require only
that inhabitants of the reg.on be warned to avoid the drinking
of fresh milk produced locally. Pluid milk suppliesa from other
regions, or powdered milx, could have been readily substituted,
thereby preventing the ingestron of excessive iodine 131 from
local milk. We know of an instance in which such a warning
was issued. until the summer of 1962, when high iodine 131
levels observed in commercial milk supplied in Utah led
state health officials to divert current milk from the market.

8) Correct interpretation of gamma and beta radiation
monitoring measurements should have been possible by 1954 oa
the basis nf then¥ava11ab1e scientific theory. Thus, it was
known at that tims that (a) iodine 131 coamprises a specific
fraction of the total f{ission product, which can be estimated
from overall measuremenis f gauma and beta radliation and
the age of fallnut depceit; (b; icdine 131, along with other
fallout precducts, 13 Japcsited on pasture grass and eaters
the food chain; < 3) 4‘cdine 13. in food becomes conceantrated
in the thyroid, thereby increcrsing its blologically effective
dosage to the body. after 1957 tnere was not only a theoreg-
ica’. basis for this inter,retation, but also a detailed

practical illustratiorn of its importaice. In that year a
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British nuclear reactor at ‘vindscale accidently emitted a
very considerable amount of radicactive debris. ULetailed
‘monitoring meagurement: showed that pasture lsnd contaminated
by this fallout preoduced nilk so heavily contaminated with
iodine 13} ag tc necersitate that it be dumped. The scientific
studies o1 the Windscale “.saster provide valuable data
which can be us.:d to cevelop the proper interpretation of the
monitaring meszsurenents in the regicn of the Nevada Test Site.
_Although the important aifferences between the hazard of ex-
ternal radiation frow feliiout. and the internal hazard, es-
pecially to the thryroid, as recognized by at least one AEC
official in 1959 ‘see Gordoa Du..ning testimony to Subcoumittee
on Rcsearcl.; Deve'opmernt and Radtiation, Hearings, 1959, p. 445)
mon: ~oring pmoc dures, und interpretatioun c¢f recsults were not
altercad tc briag them in line with this concept. Thus, the
inadequate intecrretative prccedures which have until now
obscured the t_ ue hazerl resulting from short-range fallout
frow nuclear tests in Hevadu; could have been corrected some
years ago.

9) Correctior ol *a. Ad2ac~-ibed inadequacy of monitoring
proc:ciuses world sfrect nov n.y estimatec of hazard from

atmcspheric ard uniergrourd uclear tests, but also hazards

possible frou ac: ity ~ftect.nf ruciear reactors, which
also produce “odir - 1Y ae.pic
Ou the taa'es of the [ ogaine consideratione, the analysis

of the hazard r'rom fallou® in the region of the Nevada Test
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Site prepared by the 3t. Louis Committee for Nuclear Informa-

 tion reaches the following conclusions: .

1) Analysis of the available evidence shows that children
residing in the states bordering the Nevada Test Uite have,
as a result of fallout from nuclear tests at that site,
probably been exposed to medically significant radiation.

2) These exposures were avoidable, for on the basis of
radiation monitoring carried out by the AEC during the teat
programs, the probability of exposure should have been evident
in time to warn the population to take simple precauticnary
steps. |

3) Monitoring procedures in the Nevada Test Site regions
have been inadequate in that they do not take into account
the importance of internal exposure to radioactivity entering
the body in fallout-contaminated food. Direct and prompt
measurement of iodine 131 in local milk, which is the most
effective method of estimating the hazard from this isotope
have not been done, or, if done, have not been reported.
Moreover, indirect but nevertheless useful estimates of
the iodine 131 hazard, which can be determined from the avail-
able gross gamma and beta radiocactivity measurements have not
been made heretofore.

4)  Past assurances of the safety to nearby popplations
of the Nevada test prograns are not substantiated by the
present analysis of available data. Assurances that "the

hazard has been successfully confined to the controlled areas
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of the Test Jite" are not justified in the absernce of direct
pzeasurements of radioactivity level: in locas milk. FEven the
inadequate indirect measurements that have becen carried out,
if properly interpreted, should have alerted the responsible
agencies to the serious potential health hazaris during test
programs and to the necessity of warning the popﬁlation to
take simple, readily available protec:ive measures.

5) These hazards are not res*ricted to atmospheric tests
alone. Available data show that following at least 7 under-
ground tests, local fallout contamination comparable to that
produced by atmospheric tests occurred,

©6) 1In._view of the f{oregoinyg conclusions we recoamend,
urgently, a thorough review of present fallout momitoring
procedures, with a view to rectifying the present inadequac¢ies
with respect to data, interpretatiorn, and public information
regarding precautionary measures. In view of the probable
high radiation exposures to the population in the Nevada Test
Site region we recommend a careful medical follow-up study
of exposed indivicduals, in order to facilitate detection and

treatment of possible diseases.
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II. i REFOKT OX *1E IODINE 131 HAZARD FiOM UHORT-RANGE
FALLOU. §R0DUCED BY NUCLEAR TESTS AT THE NEVADA TEST
SITE B

1) The problem

This report is an inquiry into the hazard resulting from
exposure of local populations, especially in the vicinity of tbe
Nevada Test uite to icdine 131 in frllout produced by nuclear
explosions at that site.

At the hearings of the Joint Congressional Committee on
Atomic Energy held in 195/, Ir. Lyle Alexander summarized
the iodine 131 hazard briefly: "For a period of days following
a heavy deposition of fresh fallout, iodine 131, which has a
half life of 8 days, may be of {mportance in direct contamina-
tion of vegatation. Radioiod.ne is selectively concentrated
in the thyroid gland, where excessive accumulationsg cause:
cancer and cell destruction. injury to the gland may not
be detected unti. long after the iodine has decgyed."l

The Federal =Radiation Council, in its Report #4, states
that "In the special case where ncarly all of the annual intake
(of 1odipe 131) cQuld,come from exposure %o abnormally high
concentrations in & l.ca. &rea, resulting froc a single
nuclear expiosisci of lTow yield. the Coauncil cecognized that
some small nucber of irdividual infaunts could conceivably
receive doses 1{ 15 0 tines “he ave~ e for tie area as a
whole." <The hirhest average cose to iufant thyroids due
primarily to one high excnursisn of levels in 1962 was 620

millirems in Salt Lake City, wheie most of the dose did
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result from & afngle brief series of test explosiona.2
The highest individual doce, therefore, could have been
30 times the average, or 18,6 reczs,

Thus, it has been recognized th.: iodine 131 represents
a potentially important hazard from fallout, Until recently,
considerations of this problem, with few exceptions, have
been limited to iodine 131 exposures expected in the popula-
tion as a whole during periods of active testing. This
problem has been discussed in detail before the JCAE, and
the Lt. Louls Committee for Nuclear Information has reported
on 1t.5ﬁ'1t has been recognized that rapid measurements of
iodine 131 in milk provide a useful index of the radiation
exposure to the thyroid oxpected in a child consuming the
milk. while this type of information is therefore imp-rtant
in estimating the iodine 131 hazard frox fallout it has cer-
tain limitutions. Nearly all available meagurements of
iodine 131 in milk are tased on large commercial supplies.
fhese represent pooled milk from many widely scattered farus.
Such measurements aré, of course, valuable in estimating the
iodine 131 intake of children who drink commercial milk
of this type. However, the pooling ,rocess conceals variations
in iodine 131 levels among separate regiona and it is iﬁ-“
possible to determine how much iodine 131 would be taken in
by a child who consumes fresh milk directly froz a cow or
hérd stationed in a particular local area. Nevertheless,

the latter is the situation which governs milk consumption
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of many rural children. 8ince much of the region surround-
ing the levada.Teat Site is occupied by farms and rather

small towns, in which this type of looal milk consumpticn must
prevail, it becomes necessary to knowlthe iodine 131 content
of nuq:;rous separate small farm-size milk supplies in order
to deternine the iodine 131 intake of children living in this
regiaon.

Unfortunately appropriate measureuents of iodine 131 in
local milk supplies do not appear to have dbeen made. JFor
this reason ¢iragt estimates of the hazard to the thyroid.aere
not possible, as they are in the case of many large~secale
populations which consume commercial milk supplies. Iodine
131 measurements of commercial milk supplies for a numdber of
cities have been available since 1957.

Because of tho lack of such direct information on iodine
131 levels of milk consunmed by children in the region of the
Nevada Test Site, it decomes necessary to develop a method
for estimating these values from other types of fallout
measurements. '

In what follows, we consider how this can be done.

2) r estimation of iodine 1 s

gverall measurements of gamma and bete radistiop
When nuclear figsion occurs, a wide range of atoamic

products result. The physical processes which result in
the appearance of the different products of nuclear

fission have been gtuciedl extonsively. From these -tudiot.
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it is known that paT:clcuiar ~adioisotopes, suck as iodine 131,
represent a relatively const-nt proportion of the total radic-
active debris. Hence, ir a zeasurcrzent of the totsl asuwount of
fallout is obtained it 15 possible tc calculate the amount of
iodine 131 produced. [From this value orc can estimate the
anount of lodine 131 present 'n tailcut by determining the
"age" of the fallout, i.e. the tire between its production in
the nuclear explosion and its measurement, for like all radio-
isotopes i line 13) decayc vith time. Thus. if one makes a
measurement ofiﬁhe tctal gamma or beta rédioactivity emitted
by a sample of fallout, and can aleo determine its "age," it
i3 possible to estimate the amount of iodine 131 present. The
relevant calculations are present~d in detail in the Appendix.
During this intervral somec "fractionation" may possibly occur,
i.e., as the fallout drifts along, some isotopes may becomne
deposited out sooner than others. Nout much is known abtout
this process. In keeping with general practice in thic field
(see for exacple, Dunning,Hearings,Radiation Subcommittee,
1959, Biologicai and Environmental Effects of Nuclear ar,
p. 443), the possible eifects of fractionation are not
considered in our caiculgtions.

Once an estimate of iodine ‘ 131 on the ground
is available, it *s possible quite readily to calculate how
much of it will go intc milk, and how much of the radioiodine
in the milk will becom~ concentrated in the thyroid of a child
drinking -ne quort of milk per day (the standard usually used

in fallout calculisticn).
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This can be accomplished from a consideration of known
cases of fallout gad transcission from contnzination on grass
to milk and resultart thyroid iocdine levels. Lapp5 has made
such a calculation based on the fallout incident at the
Wihdscale pile No, 1, an experimental nuclear reactor, which
caused the release of 20,000 curies of iodine 1321 ton the
atmosphere. The iodine fell ~n farms in the arec and then
appeared in cows’ milk in amounts as high as 100,000 micromicro-
curies per liter. Though infants did neot drink the milk
because it was removed from the markct, the thyroid radiation
ddse that would result fromr such concentrations can be calu-
culated on the basis of standard dosimetry procedures.. The
combined calculation indicates that l,lc/M2 deposition of iodine
131 results in a dose of 5 rads to an infant thyroid .gland.
This is the basis tor ﬁhe lower of our two estimates.
(See Appendix for details) :

It-should be noted that Lapp was not the first to make
use of the !'/indscale experience. Gordon Dunning ectipated
in'1959 the thyfoid ddse due to raioiodine in fallput. His
esfimaté indicates, "Based on '/indscale experience,
1e133 /M2 - 0.1ue123) /15 ter of milk. For one liter
of this milk . -———>» 2 rad dose to infant's.thyroid. For
qontinuous cdhsﬁmption of milk from cows grazing am pasture-
untilillal activity essénciélly 2erQ ———y' 22«44 rad dose.??_
.Hié célculacidn was for a wartime situation, but an atmospheric
:nﬁclear explosion creates and deposits radioactive fallout

irrespective of the use to which it is put.
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Dunning's esticzace 15 oowowhat hioner rian that derived in
this paper frogz the Windscale evideﬁce Lecauss re assumed
that 100 per rent of jcrcsited iodine 121 i. re=ained on edible
herbage, whereas vie 2:Juns only 4C per cen*. Hisner ye' ig a
figure based on experiments by R. J. Garner, who observed the
transfer of iodine 131 from the dict of cows £o their milk.7
Based on Garner's data 1-(:1151/1‘4,2 yieldc =+ 24 rad dose to the
infant thyroid, for continuous ingescion.

Thus empirical evidence Indicates a range for the infant
thyroid dose due to a given deposition of iodine 131 on an area
where millc cows graze. Using the steps described earlier, it
is possikle to c¢stimnte the thyroid dose on the basis of exter-
nal beta and gamuu intensities. For example, a gamma intensity
of 30 millirocentgens/l.sir at Belmont, Nevada, 8 hours after an
uxplosion on 28 May 1957 indicates an iodire depositioa of
650 uuc/cme and a possible resultant peak level in milk from
cows eating grase in the area, of from 260,000 to 1,040,000
tue/liter of milk., The dose to an infant's thyroid from con-N
tinued irgestion of this mill would probadbly be between 32
ard 214 rads., Or, using beta readings, the average beta count
st Salt Lake City on May ?, 1952, for example, was 23,000,000
disintegrations per minute per square foot (d/m/fte). This
would Lo = pected to lead to infant thyroid doses of from

32 to 18 rads,.
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2) Istimates of Theoretically Vossible whvyrcoid Cosaes

Due_to Chort-Rance rallout From the levada Test Jite

A8 shown above it ic pocssible to calculate, frowm local
meéasuresents of gamﬁa and veta radiation,'what_radiation
exposure to a child's'thyrbid night theoreticallf result :rom
a givén deposit of fallout. Since the AEC has febofted
numerous measurements of gamma and beté radiatioq, togethég
with ‘the times of'measureéent, and their relation to'a
particular nuclear expldsion (the time of which is.also given),
these data can be converted to estimates of possible iodiqe
131 exposuraes to the thyroid according to the prodedﬁres
outlined above, and given in detail in the Appendix. Suca
calcnlatiéhs have been made for 189 different readings at
various locations following 21 different nuclcar test shots
condueted at the Nevada Test 3ite during the period 1é$é-
1858, "The overall results are presenﬁed in Tab;és.I—V.: )
In "each éasé, two estimates of the pdssible‘thyréid dosé have
been calculated, using the tuo different observationa (Wind-
scale and Garner) described above. The lower of the two o
estimates yields thyfdid"dooages which range from 9.6 rad
to 555 rads. ' The higher of the two estimates j%ylds,thyréid
dosages which range from 4 rada to 3760 rads. Aécor ing to
the higher estimate, 6f ‘the separate locationa, 50 receiVed .
sufficient fallout to result in a possible dose of 100 rads
or more to the thyroid. 1In 15 cases ‘even the lower gstimate
yielded a thyroid dose over 100 rads. It is evident.froé this

summary that th Nevada tests have produced instances of
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follout sufficiently intonse to reowif in medically sipni-
ficant radiation'exposure to cnildrens! thyroids in an
appreciable nunbter of instances.

Sore locatlons in tilo Nevada rerién nave rececived such
pocsible dosages on repoated occasicns.

Currant, Nevada,‘for instancé, a cown of about 75 people
located about 80 wiles north of the test site, received
significant doses on March 7, 1955; HMay 5, 1955; May 28, 1957;
July 1%, 1957; July 25, 1957; and august lé, 1957. Infant
thyroid doses would all be gfééter than 2.5 rads, and in 4
cases out of the 5, could have éicecded 25 rads. Another
example is Lockes, Nevada wnich reccived three significant
doses, all of which were 10 rads or more by the lower
estimate. yBy the higher'estimate, the doses on two occasions
pay have exceeded 100 rads.

Waghington county, Utah is one of the most heavily popu-
lated of the areas to receive heavy fal;out depositions. 1v
is an area in'which, on at least one occasion (May 19, 1953),
citizens in several communiﬁies were asked to stay indoors
for several hours after a test shot.A Fallout on that date
blanketed the entire county. Infant thyroid doses due to
contaninagted milk might have reached from 150 to 950 rads ..
in Hurricane, Utah, and it is very likely that the minimum
dose for infants in most of the.county due to milk from
cows fed fresh pasturaZe was about 50 rads;

The largest town in Washington County, 3t. George,

porulatior 5,00Q) receéived possidble maximum doses of
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Hot Lpot . T Tine af \ , ‘ . - . ;

> emiip. encity j ¢/1 rased on: ‘hyroid - sudo
ocation T 2

: REte y o c/en e
: How dir. “indcenle

Garner Sarner

SHOT EASY - 7 MAY 1952 - 12 ¥t. ~ 2C0' - T0 i

Salt Lake City, Utah . 25 12 . Sk '+ 21,6C0 86,500 . 3 18
|_SHOT UIORGE - 1 JUNE 1952 = 14,6 Ft. - 200" - TC =R
| Pocatello, Idaho b, 12 1.9 3,950 - 15,00 W5 5

Norfolk, riebraska_ e S I 11.3 L S,520 0 13,100 .6 4

12
. Dl

Haute, Indiana 1.386 & 11.. 5 4,500 18,000 . .6 L

!

3
j Ter
{
{ -

, Grand Rarids, Mich 1.2 3 9.8 t 3,900 15,6C0 .

| SEQTHOY - 5 JWNE 1952 = 13,9 Kt. = 300' - TO-ik -
| Boise, Idwho _ _ . 17,7 12 M,6 | 16,60 . €5,500 & 2 14

! 1
l .

| Great.Falls, Montana 10,8 12 = 25,2 1 10,200 . _40;600 . 1__:_ 8



Tatle V (Conttrz)

Hot Spot ' Gross Average I-131 I-131 in Froesh ¥ilk loze to Inrunt
) Time of ‘

; Locatien 4/e/ct%  Peading De’mtg ¢/l baced on:  InyFold - kads
: ' 6 ‘ c/cm ‘ T Wind= -

# 10 l_H * Hr.‘ Windsca}ef Garner  Scale ' Jarner
SECT ANUIZ - 17 MARCH'S53 - 16,2 Kt, =~ 200! -~ TO.ER

|
I- o

__Knoxville, Temmessee 1.9 | 3 15.5 6,20 . 24,800 | .8 . 5

,  SH0T NANCT = 2B MARCH 1953 - 2b,4 Bt, - 300! - TCUER L

L.Sf%ﬁ.?fﬁ?.g}EX!_Utah. 15,0 N 12 | 35.3 1&,100 . 39,400 ' 2 “}2 )

iy, Nevada 63 12 L8 5,%0 23,0 7 S

© Rapid City, S. D, 2,06 3% 16.6 6,700 . 26,600 8 6

SHOT DIXIE - 6 ..PRIL 1953 - 10,9 KT. - 200' - TO.ER

| soston, Mass 5.1 36 41,6 -;16.50?_ _ 66,500 2 14
SEOT, AADGER = 18 APRIL 1953 =.23 Ky = XO' - TOWER

_ Port Arthur, Texas ; 1,5 . 36 12,2 - k,900 19,600 .Jféu_;.g_ _

__SEOT SIIKN - 25 APRIL'S3 = 42,7 Kt, = 300' - TOWER

_ Grand Jwnction, Colo 2.9 . 36 23,6 __ 9,50 _ 3780 1 8

| Roswell, N. M, 13,0 | 3% | 106 12,,0 170,000 5 35

?.._AI:EPA“?E'Q‘EL_N:_“?.___,_.-.2_:_2_’;..I, 36 9.6 7,80 3,300 1 6 _

© Albany, Hew York 16 © 36 131 52,000 209,000 _7___ 43 _

| SHOT MARRY - 19 MAY 1953 - 32,4 Kt, = 300¢ - TOR

! Srond gggc_gi_gn_,polo: 11 BEDY- 25,9 110,60 | Mo 1 9

‘ Des_Moines, Iowa 1.5 % 12,2 4,900 19,600 L6 &

| Albuguerque, N, M, _ _7,8 ' 12 17,4 700, 29,0 ) i 6
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25-165 rads on iaréh 1?7, 195%; 110-725 rads on May 19, 19533
7-42 rads on Tarch 1, 1955; 4-2% rcdc on May 15, 19055;
and 28-18%5 rads on August 31, 13557. :

These doses are renrcsontative ol the whole of

Washington county,

The August 31, 1957 valuc was duc to shot "Smoky" of
Operation Plumbodb. Fallout from this explosior resulted in
measurenents indicating infant thyroid doses of 10-67 rads
over an 8000 square mile area outzide the Test Site, of
which Washington county comprised £5C0 square niless Equally
high levels were reported as fuar avay as Rock Springs, Wyoming,
700 miles from the Lest Site.

Cases of relatively high thyroiéd doses in 'locations
distant from the Nevada Test Site appear to be fewer than
near the Site, although this may be due in part to the fact
that monitoring outside the test area is even less extensive
than for the reglilon within a 200 zile radius. OCne distant
case was that in Troy, New York on aipril 26, 1953. Contam=-
‘ination of milk was not measured at thet time but Ralph Lapg
"estimates that iodine 131 in milk might have reached 100,000
puc per liter, As a result, infants may have received doses
- to the thyroid as high as 30 rads.

During 1952 and 1953, one to ten rad doses or more to
infznt thyroids may have occurred in areas near Salt Lake City
“on May 7, 1952 and again on ii~rch 24, 1953; at Boise, ldaho

- and Great Falls, Montana on June 5, 1952; Boston, Massachusetts



on £pril 17, 1953; Grand Jjurc::an, “-lor zic, Zocwell,
and albugquerques, New lMexloc (.. weil =2u Troy anl .ltany,
New York) on April 26, 1753, ond Grand Junction arain on

"

May 19, 1953,

4) ere the theoretic-1lv pe-niblc doses actually
received ty childrens' thyr i3 a3 & result of

fallout irom the lievaca Tex! 3ita

[RV)

It hes already been pointed ou- thzt the above estimates
are theoretical, in ihat they show what thyroid radiation
docages 2ight result, providing that the iodine 131 in the
deposited fallout actually entered the f3031 chain and was
ingested b, children locally from localiy-produced milk.

What is the likelihood th.t such doses ¢id actually

.occur? IJwo conditions zuct nave been met: that there were

milk cows grazing in tine contaminated pastures, and that
children drank the milk. [lonitoring reports have rarely
supplied information of any detail on these questions

(no detailed informaztion ig available for the tests held

in 1952, 1955 and 1958; for 1953 testing, one survey to

check for grazing animals in arcas of high fallout was
reported; and for 1957 testing, and afain for 1961 and 1962,
milk monitoring data of limited value are available). Census
reports, however, indicate that there were 4438 milk covs

on the farms and rancres in Lincoln, liye, Clark, Zlko and

White Pine countic¢s, in Hevada (the arcac clogsest to the

AT R T N T IIRL AEE TR PPN NG ST s
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Jaros AL Farns 11k Poreo ~ilk

County State keportiny o Fezortans (ows Reperting Covs
weshington Utah 556 e 40 2107 Iy 1E35
Iron n 324 T 259 e o 755
Clark Nev. 157 Ti-d 10 15495 A 276
Elko " 251 1175 Zl3 791 152 493
Lincoln " ic3 PO 78 L4l 60 459
Nye " &7 350 26 ) Fl 518
whiite Pine n 111 g Ré €42 83 554

S17E OF HYRDS, 1959
Numbor ~C Cows in Herd

1 25 1019 20-29 20-49 50+

tumber of Herds

Yachington Utab L8 136 ol 11 11 >
Iron " 81 103 5 6 4 1
Clark . Nev. 27 1 1 3 7 13
Elko " 37 121 3 none none none
Lincoln " 18 32 3 3 2 2
Nye " <9 33 1 naone none 1
white Pine " 21 52 1 1 6 2

test site) in 195C. These samc vounties had 3782 milk cows
in 1854, 3920 in 1959. Only onc¢ counity, Nye, consistently
reported fewer than 500. A sore detailad report for 1959
indicated thar out of 451 farms reporting in theée counties,
402 of these had tetween one and nine; and 49 had'hefds of
10 or m¢re.

Washington countv, Utah (vhich h-3 received repeated high
fallout, asnoted earlier; hai 1868 milk cows in 19350, 7127 in 1954
and 1660 in 1959. Ia 1959 2iQ farm:s reporting hal ore to nine

milk cows and the remaining 10C had 10 or more,.
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County State
Washington Utah
Iron "
Clark Nev,
Elko "
lircoln "
Nye "
White Pine "
washington Utah
Iron "
Clark Nev.
Elko "
Lincoln "
Nye "

"
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ut 20,enn
Tazie VII
COUNTINS
1920
B g 105 S e
9,836 23
9,642 10
48,289 2k.2
11,654 17.6
3,837 10.6
© 3,101 1€ .
9,424 a6
1960
10,271 5.2
10,795 3.9
127,016 )
12,011 13.9
2,451 6.0
b, 274 10.1

$,08 4.3

Per cent under-
5 yeara old
data for
this age
group
not
available
for 1950

12.8
13
12.4
11.3
11.9
9.5
12
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Live 3irths

332
36
1,247
254
91
53
232

230
274
5155“
292
56
64
208



years of age, and 4174 live tircthe . ¢ ear in the coanties
of interect in Nevada. In wasninsion county, Jtah, there
were 528 childrern under S ia 1400, 270 liwe birehs in 1000
and 332 live tirtrkrs in 1950. This oticatres that tl.ore were
approxicately 250 to 3CO children 77 6 to 18 months in the
county at any given time.

Individual children on any of & l.rso nunber of ranches
could have received high thyroid raliation doccs (such as,
for insgtance, the 21 to 137 rads pocscitvle at the Geyser Ranch
in llevada on July 15, 1957). There are repeated cases in
which we know it is quite likely that a considerable number
were exposed. The entire Wachingtcn county was blanketed
with fallout lcvels that could cause 5-1C0 rad or higher
doses on at least 7 different 2ccasicns.

Not only waé fresh wilk on faras probably affected, dbut
also pasteurized wilk, for rmuch of the milk delivered in the
county is not mixed with miix from other areas., St. George
has one local dairy, the ‘hiveiiead Uairy, which collects milk
ornly in VWashington County, in the immediate vicigity of
St..George, and distributes it locally. The arden Hgadowgold
Dairy collects its milk in neardy Iron, Fiute and Beaver
counties, These dairies Lave teen in business throughout
the period under consideration with the same collection and
. . 10
distribution g2*tfern.””

Pasteurized mili from these dczirics would be expected

to have iciine level: lower Dy a fastor of .85 than the



fresh nilk from the arca. nis s 4y “rne Jlecay in
roioactivity takino vloee in ©oo doro--=Tin me it zTnakes
te collect, procecz and discribute o iltk,

(Cther Adairies active in Jsshinsten SNty are the
~nderson Dairy, which shipc =ilk out ¢ Las Vegas, “here it

is presumadbly pooled with her 211k, :nd the Highland Dairy,

which has come in nmore recently, distributing zilk froa

northern Utah,)

The chain, therefore, from nuclear explosion through

fallout, pasture, cow and nilk been coxzrleted

in many of these arzas and for a conzilerable number of children.

What biological effect would be expected froa these exposures?

\

ficance cf these levels

5) The biolozmical sicni

It is now well

a special hazard to

1. Milk is the
iodine 131 and
than adults.

2. For the same quantity of
eaten, the cells L
receive 10 to 15 tices the
cells of an adult thyroid. The L

is nuch smaller, generally wei:hi
whereas the adult thyr-il
In the infant
spread over -
ch gram receives a greater acmcunt of

orarns,
20 graos.
radiation i-=z
and ea
radiation.

M

The infant'
Lo

Je
the adult'c

y
Thyroid cancer wac 11
single exposure to radiation of 15C

¥nown that radiozctive iocdine presents

infantes {for the folliowing reasons:

largest human distary scurce of
children generally drink more milk

tne food
infant

1ioaine "1
+ 3 s e ~
hWyrola of an

AOM I

of the

€

Iy
<

E;l’»'\}ﬂ Quie

cl
/\y ~eam VY -
muen SIUZiif

s thyrocid =ay be more a2onsitive than
cancer induction by o lation.
observei in cnlliren after a
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The Federal Radiaticn Czir il = =g Report .io. & diccusses

ti= carcinegenic effect of rodratis. n the "rnyroids of childrexn,

drawing upon the evidence of .- nifi-:ntly nirher incidence of

carcinoma in children who %-.d teen cwpored to x-irrzdiation

in the neck regicn, than in control croups rnot so exposed.

The czallest dose capable of iniucing cancer is not known,
but it is gererally assurced that the fre~ucney of izduced
carcer may be proportioral to Zcre, down to very low levels
of exposure., On tne assumption of no threshold, Beach and
Dolphin of the United Xingdoz Atomic Znerry avthority estimate
that if ore million infants were expoced %o gne rad of
thyroid radiation, 35 would be expected to develop thyroid
cencer,.

The AEC's permissible external effective biological dose
of 3.9 r could result in an interna: thyroid dose of‘l75 to

1200 rads, and actual exposures, ac we have shown, may have

ranged from well below to well above this dosage.

6) Underground tests

Significant radiation levels fro- continental testing
cve not been confined to surfaccvand atmospheric shots,.
Venting of subsurface shots has been reported for at least
seven cases: llarch 23, 1955 (shot =38, of Operation Teapot);:
September 15, 1661; December 10, 191 (Froject Gunoze); March 5,.
1622; April 14, 1082; ¥ay 19, 1962; June 13, 1962 (the Des
¥oines shot) and July ©, 1662 (the Jedan shot, 100 kilcton

"
shot €35 feet underground).l’zo“1 Tre Des Moines shot resulted
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The «:ome shot in New Hexico oty hove resulted in thyroid

doces in the range rrom 7 to S5 rado i the iprmediate vicinity

of Caxrlsbs.tl.

7) Lisitotions of theie cotaimutos

say otjective appraisal of the ooiigatecg mace here
must take into account their limitations,
The zain problem is a gernzral lacxk of ucerul data.
in most cases, detailed milk data wac not reported, and vhen

it was, the inforration was nrot in usable forms

Table VIII

Sose estimated infant thyroid doses for Project Gnome (Decenmber 10, 1961).
Duta are frem AEC report number FNE-132F,
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In 1952, ccme covgerveariur ~f lairy neordc were made,
an? external doses regcelived Yor o chem onhn arTimated e s -adng
duta on fresh milk give: o - - 7%er e €XLO3SUICS Lrd 20T

avallaoble. In 1957, during (peraticn Fluzbob, milk was -isted,

out only for gross beta rediatinsn and for strontium 90. The
gross beta values do not provide a basiz, in this case, for
inferring iodire levels, and while calculations can be nade
from strontium levelc, they do not carry the same certainuy
as actual iodire fijgures,

Letailed zilk monitoring figures were not reported for
the 1958 test seriec, Operation Hardtack II, The two tests
for which such zmciitoring was reported wore Project Gaoze,
December 10, 1951, at Carlsbad, New Mexicc and the Des liolnes
skot, June 13, 1962. However, all iodine measurements for
Gnoze were made in milk collected either before the tést,
or at least onrne month after the test, when any high levels
that might have occurred had already dissipated;22

For the Des Moines test milk was agpain monitored éither
too early (June 13, the day of the test) or too 1ee.t.e.23
Concentrations of 600 and 500 micromicrocuries per liter
were found at two locations on June 20 and 21, but the
actual peaks at those locatiocns would have come about

0y

June 15-17, two to four days after the explosion.

)

lMore 2denuate data either have nct Teen taken, or have

not been made available to the public. (- report by the
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Fhace I, offcite monitoring costs run »4/4% million

per year.
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These two isotopes - ra’tiy stron.iun and ra:roiodine -
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