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I. TINTRODUCITORY RLI..RKS aND SUMNARY OF (oo lIMONY

To the general public, the most important question about
fallout from nuclear tests is: ““hat 1s.the 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 Jtates program of nuclear tests has inclﬁded a
considerable effort to determine the deposition of fallout
outside the actual test area, to estimate the possible medical
bhagsard of such tullout 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 service, and the hearings conducted by the
Congressional Jo;nt Committee on Atomic Energy.

Two separate aspects of the problem need to be considered:
(a) The medical risks to the total population resulting from
the widespread dissemination of radiocactivity from tests which
occur anywhere in the world. (b) The medical risks to local
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 distan: areas in the continantal United States. The
first of these p. oL enws hss been given extensive consideration
receatly; the S5t. T.uis Citizens' Committee for Fuclear Infor-
mation (CNI) has previously sudmitted extensive testimony rel-

evant to 1to
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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-range fallout from the Nevada
Test S8ite? The Technical Nivision of CNI has made a detailed
analysis of this proulem which way be summarized as follows:

1) The AEC has maintained a system for monitoring fall-
out radioactivity in regionms surrounding the Nevada Test Site,
in order to essess tne p.eiinle hazards to local populations
and to warn of ieedod precautionary measures. Many of the
radioactivity readings odtelae? during nucloar tests, conclu-
sions regarding possitle melilcal hazaris, and recommended coun-
termeasures Lave been presented ty the AEC in reports and 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 copulations. 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 econtras® our 2analysis of the same monitoring data
pudblished by the AEC siowa -hat as a result of nuclear tests
at the Nevada Test Site in the periol 1351-62, a number of
local populstions espe-ially ia Nevda, Utah and Idaho, and
prodbably other comiunii.es i3cattsred throughout the contin-
ental United Sta*es Lave bean exposed to fallout 8o intense
as to represent a wedically unacceptable hasard to children
who may drink fresh locally-produced amilk.
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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
radiocactivity measurements of either the gamma-ray intensity
emanating from the ground, the total beta-radiocactivity depo-
sited on a gummed film placed on or near the ground, or of total
beta activity in the sir. There are established safety stan-
dards regarding exposure to the body froc a given level of
radioactivity which has its source Qnggigg the body. These
standards for gxternal exposure have been used, by the AEC,
t0 evaluate environmental rediocactivity measurements during
nuclear tests. In most cases, the measurements in the regions
neighboring the test site did not exceed this safety limit,

The AEC therefore concluded that there was no hazard to the
neardy populetions. In the few instances where the gamma 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 radia-

tion messurements is, however, valid only §f the fallout which

gives rise to this redioactivity does not epter into the food
chein. 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 readistion. Safety standards for gxternsl
exposure are then no longer applicadble. Iodine 131 1is a par-
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ticular problem in this regard for it becomes quickly concen-
trated in the thyroi! gland when taken in with the food.

Thus if a gamma radintion moni'or in a pasture outside the
Nevada Test Site shows a reading of .087 r/hr at 12 hours
following the time of a nuclcur te:*, measured at three feet
above ground level, this inlicates the arparently maximun safe
level, Bince the permissible standard for continuous exposure
from a source esterna’ te the tody i< 3.9 r/year (effective
biological ‘{oze), whicih is e7ivalent to a doce rate of .087 r/hr
at 12 hours fcllowing a test. However, if a milk cow feeds on
this pasture and its nilXx ir frechlr -onsumed by a small child,
this conciusion !ecomes 1tval.d. lnier *hese circumstances it
can be shown that this same gamms reading (i.e. ,087 r/hr)
probably rﬂflccts'a concentration 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 orxers (30 rads to the thyroid
per year) by a fertor of 5 to 4N and is 80 high as to repre-
sent a gericus po'2ntia’ ~ausc of thyroid cancer.

Thus cthe 4.7 :onclusiens regarding safety in the Nevada
Test Site region become invalid if it can be shown that the
readings or which tli:v arc based were taken in the reyions
in which rilk coyir grize g rreduce milk that is freshly
consumed by cnhildren localiy. Our study of a nunber of regions
around the Nevada Test LSite 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. There=-
fore the published values of gauma and ﬁeta radiation indicate,
in many inctances, no* trat ~he ;epgion i8 totally safe for its
inhabitants, but that local children have been subjected to
grossly excessive radiation dores to their thyroid glands.

Washington county, ttah with a live tirth rate of more
than two hundred can cerve a3j an example of the problem coan-
fronting communities around the Nevada Test Uite. At least
seven times since 1952, Washington courty children received thy=
roid doses in the 5 to 100 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 dairy collecis wmilk only in Qashington county and another
froxz cows in thrse surrounding counties. Hence, farm children
drinking milk frcm the farily cow were not alone among children
exposed in ihe county. On May 19, 1953, in the whole of
Washington county, gamma readings froaz shot "Harry" show that
the minirum dose a child probatly received would be 50 rads.
8t. Gecrge received 10C %o 700 rad possible thyroid dose and
Hurricane showed I5C to .U rad values. Later, on August 31,
1957, shot "Smoky" of cthe Plumbodb series delivered an esti-
mated 10 t» A/ rad thyreid «ose over an 8000 3quare mile area
outside the Nevada Test Lite, .ncluding Washington county.
The local fallout pattern from that shot spread significant

doces as far as 700 miles north to Ronck Springs, Wyoming.
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It might ﬁe auded that the Atom.c Energy Commission issues
licenses for the handling of iodine 131 concentrations higher
than .02 microcuries per liter. Our‘estimateu show that dozens
of times the milk in these areas could contain more tham .05
microcuries per liter. OStrictly 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 leveis expected in the region of the Nevada
Test Site, are readily deincea froc the available literaturO,
There 18 gonvral aciculifjn "6-‘ corncul, Lhat radiation in
sufficiently large doscos can cause thyroid cancer. It is alseo
agreed, as stated in the Federal kadiation Council Report No, 2
(September 1961), that "the child's thyroid is more scnsitive
to the carcinogenic effects of radiation than the adult thy-
roid. This conclusion is based vpon seversl 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. 7he incidence of thyroid carcinoma in these
children was sigznificartly nigher than in control groups who
had not Vveen previously ir.adiated. In these studies cancer
of the thyro'. was observeu ia children after exposures as low
a8 approximat :ly 1) rew "

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

near the Nevada Test Site (s clearly in the range considered
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carcinogenic by the Federal hadiation Council. On the a6 8uUlp~-
tion that the induction of cancer is proportional to radiation
éxposure, an estimate of risk can Le made. Beach and Dolphin,
of the United Kingdom Atomic Energy Authority, considering 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 285 children éxposed to 100 rad thyroid
radiation may develop thyroid cancer. By any standard, this
is an unacceptatle risk

Estimates of radiation damage are difficult, not only
because of the uncertainties of some of the assumptions, but
also because damage does not become evident for mnny 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 th~ thyroid radiation exposures near the Nevada
Test Site are as a1igh ae suggested in this testimony, careful
medical follow-up of exposed populations might yield evidence
of damage by this “.me

5) A survey o! “he available gamma and beta radiation
neasurements of “ailout resulting from 31 of the total of 99
tests conducted ‘7 Nevacs ir the‘ period 1952-58 shows that
conditions wliich ¢ itde. the circumstances stated above) lead
to hazardous thyro.3 exposires in childrean have occurred not

only in areas neighboring the Nevada Test Site, but also in
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local regions scattered across the continent as far as Troy,
New York. Tﬁis comes about ns a result of weather conditions
at the time of a particular exyjlosion, which tay quickly carry
fallout ut high altitndes for zany miles, and then precipitate
it to the ground where an intense thunderstorm occurs., Local
fallout depositinn which 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 29, 1953. ©Salt Lake City values
were 5 to 1& rads for fallou* on ltay 7, 1952, and 2 to 12 rads
for fallout on March 24, 1933,

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

sult of certain underground nuclear tests. Venting (produce

tion of radicactive clouds capable of producing fallout) has
been reported for at least seven underground nuclear tests:
Shot EGG of Operation Teapot, September 15, 1961; Project
Gnome shot, Decemtor 10, 19€1; the Des Moines shot, June 13,
1962; Project Sedan, July €, 1962; and shots on March 5, 1962,
April 14, 1962, <ad Msy 19, 1%2, Ailthough data for these
shote are relative'y limited, we calculate that, for example,
fallout from the undeiground Gnome 3hot delivered sufficient
fallout to trie Vvicinitr of Carlsbad, New lexico to cause thy-
roid levels of fror 7 to 55 ~adr in children, under the cir-

cumstances outl.ncl above.
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7) 1If 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 resultant
exposure to children's thyroids where the food chain conditions
led to lodine 132 intake), simple jyreventive measures could
have been taken to avoid exposure. This would require oaly
that inhabitants of the regi.on be warned to avoid the drinking
of fresh milk produced locatly. Fluid milk supplies from other
regions, or powdered milk, could have been readily substituted,
thereby preventing the ingestion 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 radistion
monitoring measurements should have been possible by 1954 oa
the basis »f theuQavailable scientific theory. Thus, it was
known at that tims that (a) iodine 131 coaprises a specific
fraction of the total fission product, which can be estimated
from overall measuremenis «f gamma and beta radiation and
the age of fallnut depcest; (b) icdine 131, along with other
fallout preducts, i3 3dmpcslted on pasture grass and enters
the food chain; 73) 4cdine 1l3. in food beccmes conceatrated
in the thyroid, therehy incrersing its biologicaily effective
dosage to the body. After 1957 there was not oaly a theored—
ical. Dbasis for this inter,retation, but also a detailed

practical illustretion of its importance. In that year a
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British nuclear reactor at ‘Vincscale accidently emitted a
very considerable amount of radicactive debris. Detailed
‘monitoring measurement: showed that [asture land contaminated
by this fallout produced nmilk so0 heavily contaminated with
f1odine 13! as tc necersitate that it be dumped, The sclientific
studies o1 the Windscale “4.gpaster provide valuable data
which can be us.d to fevelop the proper interpretation of the
monitoring messurenents in the regicn of the Nevada Test Site.
~Although the important aifferenzes between the hazard of ex-
ternal radiation frow faliout. and the internal hazard, es-
pecially to the thyroid, *fas recognized by at least one AEC
official in 1959 ‘see Gordoa [n..ning testimony to Subcommittee
on Rcsearcliy Developuwernt and Radiation, Hearings, 1959, p. 445)
mon:. ~oring [moc.dures, und interpretation cf results were not
alterod tc briag them in line with this concept. Thus, the
inadequate intecrretative precedures which have until now
obscured the true hazerl resulting from short-range fallout
from nuclear vests ir Hevadu; could have been corrected some
years ago.

9) Cerrecriar ol *a. deac-ibed inadequacy of monitoring
procziuses wo il sfrect pov tn:y estimatec of hazard from

atmospheriec ard andlergrourd uclear tests, but also hazards

possible frox ac:’ ity ~ftect.ng ruciear reactors, which
also produce “odir - 17 Qe pic
ou the tag‘e of the [ ogoine considerations, the analysis

of the hazard r'rom fallour in the region of the Nevada Test
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Site prepared by the Gt. 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 Jite 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 test
programs, the probvadbility of exposure should have been evident
in time to warn the populsation to take simple precautionary
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 radioactivity measurements have not
been made heretofore.

4) Past assurances of the safety to nearby popmlations
of the Nevada test progracms 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 absence of direct
peasurenents of radioactivity level: in locas milk. Even the
inadequate indirect measurements that have been carried out,
if properly interpreted, should have alerted the responsible
agencles to the serious potential health hazards 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. Avalilable data show that following at least 7 undere
ground tests, local fallout coantamination comparable to that
produced by atmospheric testsg occurred,

6) 1In._view of the foregoiny conclusions we recommend,
urgently, a thorough review of present fallout momitoring
procedures, with a view to rectifying the present inadequacies
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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I1. 4 REPOKRT OF 7IE IODINE 131 HAZARD FLOM sHORT-R.NGE
FALLOU. [XOLUCED BY NUCLEAR TESTS AT THE NEVADA TEST
SITE -

1) The problem

This report is an inquiry into the hazard resulting from
exposure of local populations, especially in the viciaity of the
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 im 199/, Ir. lyle Alexander summarized
the iodine 131 hazard briefly: "For a period of days following
a8 heavy deposition of fresh fallout, iodine 131, which has a
half life of 8 days, may be of importance in direct contamina-
tion of vegatation. Radioiod.ine is selectively concentrated
in the thyroid gland, where excessive accumulations 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 nearly all of the annual intake
(of 10dipe 131) cQuld,come from exposure %> abnormally high
concentrations in z l.cal grea, resulting frou a single
nuclear expicsioci of 1ow yield. the Coauncil cecognized that
some 8small nucber o irndividual infanss could conceivably
receive dnses Yt 15 30 tiz.g “he ave~a e [0 tle area as a
whole.” The hirhest averayge ose to infant thyroids due
primarily to one high excursisn of levels in .962 was 620

millirems in Salt Lake City, w~heie most of the dose did
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result from a afngle brief series of test explosiana.2
The highest individusl doce, therefore, could have been
30 times the average, or 18.6 reas. ‘

Thus, it has been recognized th:: iodine 131 represents
a8 potentially important hazard from fallout, Until receatly,
considerations of this problem, with few exceptions, have
been lirited to iodine 131 exposuregs expected in the popula-~
tion as a whole during periods of sctive 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 expected in a child consuming the
milk. while this type of information is therefore imp-rtant
in estimating the iodine 131 hagard froz fallout it has cer-
taino lizmivtutions. Nearly all available measureuments of
iodine 131 in milk are bLased on larpe commercial supplies.
fhese represent pooled milk from many widely gcattered farms.
Such measurements aré, of course, valuable in estimating the
iodine 131 intake of children who drink cotmercial milk
of this type. Hovever, the pooling ;rocess conceals variations
in iodine 131 levels among separate regions and it is iﬁ-“
possible to determine how much iodine 131 would be taken in
by a child who consumes fresh milk directly fror a cow or
hérd stationed {n 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 lcvada.Teat Site is occupied by farms and rather

spall towns, in which this tyﬁo of local milk consumption must
prevail, it becomes necessary to knowltbe iodine 131 content
of nuq:;rous separate small farm-size milk supplies in order
to determine the iodine 131 intake of children living in this
region.

Unfortunately appropriate measurements of iodine 131 in
local milk supplies do not appear to have dbeen made. Zor
this reason §iract estimates of the hazard to the thyroid.are
not possible, as they are in the case of many large~scale
populations which consume commercial milk supplies. Iodine
131 measurements of commercial milk supplies for a number of
cities have been available since 1957.

Because of tho lack of such direct information on iodine
131 levels of milk consumed 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 1l 8

gverall measurements of gamma and bets rasdjatiop
When nuclear figsion occurs, a wide range of atomic

products result. The physical processes which result ia

the appearance of the different products of nuclear

fission have been stuliied extonsively. From these ltudiol.
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it is known that pa-:c.cutiar ~adioisotopes, such as iodine 131,
represent a relatively const:nt proportion of the total radic-
active debris. Hence, ir a zeasurczent of the total awount of
fallout is obtained it 1s possible tc calculate the amount of
iodiae 131 produced. From tris value ornc can estimate the
amount of iodine 131 present n tailcut by determining the
"age" of the fallout, i.e. the tinie between its production in
the nuclear explosion and its measurcment, for like all radio-
isotopes i line 13 decsys vith time. Thus. if one makes a
measurement of'fhe tctal gamme or beta rédioactivity emitted
by a sample of fallout, and can alco determine its "age," it
is possible to estimate the amount of iodine 131 present. The
relevant calculations are present~d in detail in the Appendix.
During this interval somc "fractionation" may possibly occur,
i.e., as the fallout drifts along, some isotopes may become
deposited out sooner than others. Not much is known about
this process. In keeping with general practice in thic field
(see for example, Dunning,Hearings,Radiation Subcommittee,
1959. Biologicali and Environmental Effects of Nuclear 'ar,
p. 443), the possible eifects of fractionation are not
considered in our caliculationas.

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? concentra<ed in the thyroid of a child
drinking -ne quort of milk per day (the standard usually used

in fallout calcul~ticn).
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This can be accoaplished from a consideration of known
cases of fallout gad transmission frez contiazination on grass
to milk and resultart thyroid iodine 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 curiesd of iodine 131 to the
atmosphere. The iodine fell ~n ferms in the arec and then
appeared in covs®' wilk in amounts as high as 100,000 micromicro-
curies per liter. Though infants did net drink the milk
because it was removed from the markct, the thyroid radiation
ddse that would result fror such concentrations can be. calu-
culated on the basis of standard dosimetry procedures.. The
combined calculation indicates that 1..c/M° deposition of iodine
131 results in a dose of 5 rads to an infant thyroid gland.
This is the basis for the lower of our two estimates.,

(See Appendix for details) :

It-should be noted that Lapp was not the first to make
use of the ‘/Andscale experience. Gofdon Dunning ectipated
in 1959 the thyfoid ddSe due to raioiodine in fallput. His
estimate indicates, "Based on “indscale experience,
flpcIlsl/Mg —he O,luclljl/liter of milk. For one liter
of this milk - -—-> 2 rad dose to infant's . thyroid. For
gontiguous cdhsﬁmption of milk from cows-grazing aon pasture-
until:I131 activity essénciélly Z2erQ ———y 22-44 rad dose.??_
.Hié célcﬁlatién was for a wartime situation, bLut an atmospheric
:nﬁclear explosion creates and deposits radioactive fallout

irrespective of the use to which it is put.
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t
Dunning's estiiace ic oowmowhat hi~ner rian that derived in
this paper froz the Windscale evidence Lecause e assumed
that 100 per cent of icrosited iodine 131 i. re-ained on edible

herbage, whereas v acsuns only 40 per cen*. Hi.ner yet ig a

(@)

figure based on experiwents by R. J. Garner, who observed the
transfer of iodine 131 froum the dict of cows to their milk.7
Based on Garner's data 1-01151/ﬁ2 yielde =+ 7% rad dose to the
infant thyroid, for continious ingestion.

Thus empirical evidence indicates a range for the infant
thyroid dose due to a siven deposition of iodine 131 on an area
where millt cows graze. Using the steps described earlier, it
is possibtle to estimate the thyroid dose on the basis of exter-
nal beta aﬂd gamuu intensities. For example, a gamma intensity
of 30 milliroentgens/!.7:ir at Belmont, Nevada, 8 hours after an
explosioa on 28 May 1957 indicates an iodine deposition of
650u'~~c/cm2 and a possible resultant peak level in milk from
cows eating grass in the area, of from 260,000 to 1,040,000
vsc/liter of milk. The dose to an infant's thyroid from con-”
tinued irgestion of this mill) would probably be between 32
ard 214 rads. Or, using beta readings, the average beta count
at Salt Lake City on May ?, 1952, for example, was 23,000,000

2y, This

disintegrations per minute per square foot (d/m/f¢t
would L> =z pected to lead to infant thyroid doses of from

2 to 18 rads.
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2) Lstimates of Theoretically 1nbele Shyreid Dosasg

Due_to Chort-Ranice rullout From the Nevada Test ~ite

'As shown above i1t i< possihle to calculate, frop lozal

exposure to a child's thyroiga night theoretically result from
8 given deposit of fallout. Since the AEC has reported
numerous Qeasurements of gazma and beca radiation, together
with ‘the times of measurement and their relation to a
particular nuclear explosion (the time of which is also given),
these data can be converted to eatimatee of nossible 1odine
131 exposuras to the thyroid according to the orocedurea
outlineqd above, and given in detail in the Appendix, oucn
calculations have been made for 189 different readings at
various locationg following 2] different nuclear test ohots
conducted at the Nevada’ Test 3ite during the period 1952-
1958, - 'The" overall results are presented in Tables I-v i
In "each case, two estimates of the possible thyroid dose have
been ‘calculated, using the tuo different ob:ervations (Wind-
scale and Garner) described above. The lower of the two L
estimates yields thyroid"dosages which range from 0 6 raq l
to 555 rads. The higher of the two estimates yield.» thyroid
dosages which range from 4 rads to 3760 rads. accor ing to
the higher estimate. ‘of the separate locations, S50 received
sufficient fallout to result in a poasible dose of 100 rada

Or more to the thyroid, 1In 15 cases even the lower estimate
yielded a thyroid dose over 100 rads. 1It jg evident from this

summary that the Nevada tests have produced instances of

e ————— —
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fz1llout sufficiently intcrse Y0 reculs in req
ficant radiation'exposure to chlildrens' thyroids ir an
appreciable aucber of instances.

Sore locations in thobNev;da rerién nave reccived such
pocsible dosages on repoated occasialsg,

Currant, Nevada,‘for Instancé, a town of about 75 people
located about 80 ciles north of the test site, received
significant doses on March 7, 1955, May 5, 1955; May 28, 1957;
July 15, 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 ékcecded 25 rads. Another
example is Lockes, Nevada which received three significant
doses, all of which were 10 rads op more by the lower
estimate. yBy the higher'estimate, the doses on two occasions
bay have exceeded 100 rads,

Yashington county, Utash is one of the most heavily popu-
lated of the areas to receive heavy fal;out destitions. It
is an area in'which, on at legst one occasion (May 19, 1953),
citizens in several communiﬁics vere asked to stay indoors
for several hours after a test shot. AFallour on that date
blanketed the entire county. Infant thyroid doses due to
contaninated milk might have reached from 150 to 950 rads. .,
in Hurricane, Utah, and it ig very likely that the minirunm
dose for infants in most of the.county due to milk from
¢ows fed fresh pasturage was about 50 rads; ] 7

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

Gorulation 5,00Q) recéi?édﬂpossiblé caxizmum doses of
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' ~33-
25-165 rads on iaréh 17, 195%; 110-735 rads on May 19, 1953;
7-42 rads on Tarch 1, 1955; 4-2% rode on May 15, 1055
and 28-185 rads on August 31, 1357. )

These doses are revrres-ntative o “he whole af

Washington county,

The August 31, 1957 valuc was duc to shot "Smoky" of
Operation Plumbodb. Fallout from this explosion resulted in
measurenents indicating infant thyroid doses of 10-67 rads
over an 8000 square mile area outziie the Test Site, of
which Washington county comprised 2500 square miles: Equally
high levels were reported as far away as Rock Springs, Wyoming,
700 miles from the Lest Site.

Cases of relatively high thyroié 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 region within a 200 zile radius. One distant
case was that in Troy, New York on april 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
infont thyroids may have occurred iz areas near Salt Lake City

ron May 7, 1952 and again on ii-rch 24, 1953; at Boise, Idaho

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



on April 17, 1952 Grang Jurnce g, Clor sds iocuell
and Albuquerque5 Jew Mexi. ¢ S Troy oar: +~lbtany,
“ew York) op April 26, 1953, and Grans dunciion aizin op

fay 19, 19537

4) Yeére the theoretiChlgv VOITinie doses actually

Leceived tv childrong? thyr ity &3 & result of

fallout irom the levaca Tent S1tae?’

It has already beep Pointcd ou- ghat the above estimates
are theoretical, in fhat they show vwnat thyroid radiation
docsages night resulty, providang that the iodine 131 in the
deposited fallout actually entered the f£304 chain and was
ingesteqd b, children locally irom locally-produced rilk,

What is the likelihood th._t Such doses ia actually

-occur?  Two conditions JusSt nave beep “«T: *that there were

nilk cows grazing in tne Contaningted bastures, and that
children drank tle Rillk, Honitoring Teports have rarely
supplied information of any detail OL these questiong

(no detaileq information jig available for the tests helq

in 1952, 1955 ang 1958; ror 1953 testing, one survey to

Check for 8razing animals in arcas oy high fallout was

reported; and for 1957 testing, and 22ain for 1961 ang 1962,

Rilk monitoring data of limiteq 7alue are available), Census

reports, however, indicate that there were 4438 milk cows
—.

on the farms ans rancres in Lincoln, lye, Clark, Ziko and

White Pipe countics, in fievada (the arcac closest to the

e TN



PIWK CCrs 1y OO KRS B YADA ToLoT ot
! LN CF o
105 95k 1959

Farers Al Furns Y11k Fareso X1k

County State keportine el JOTOTTINY (ows Reperting Covs
Kichington Utah 55 1k 305 t1.7 11y 37
Iren " 324 T T 245G R Fae 797
Clark Nev, 157 il 10 1545 A3 2096
Elko " 251 1105 cl3 791 181 493
Lircoln n 1C3 PR 7 b4t 60 459
Nye " a7 350 26 3ho L 518
bliite Pine " 111 gy B¢ €42 83 S54

SITE OF yvg S, 1959
Numbhoyr - Cows in Hepd

1 <=5 10-05 20-29 20-49 5C+

Numbor of Herds

ry

Yachington Utah LR 136 K 11 11 3
Iron " 81 W03 5 6 4 1
Clark . Nev, 27 32 1 3 7 13
Elko " 37 121 3 none none none
Lincoln " 18 32 3 3 2 2
Nye " <9 33 1 rnione none 1
White Pine " 21 52 1 1 6 2

test site) in 195C. These Sak¢ vounties had 3782 milk cows
in 1954, 2920 in 1959. Only one couniy, Nye, consistently
Teported fewer than 500. A zore detailagd Teport for 1959
indicated thar out of 451 farnms reportiang in theée counties,
402 of these had tetween one ana ainc; and 49 had'hefds of
10 or more.

Washington count- Utah (vhmich k-3 Teceived rernestaAl Eigh
] &

. fallout as noted earlier) has 1868 milk cows in 1957 2127 in 1954
] H

and 1660 in 1959, T, 1650 219 farm- feporting kel ore to nine
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nilk cows and the remaining
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of shot darry.") “his zoree gm0y <.t ZAration on theip

pPasture wihich Day have caused lafunx “Lyreid doses froro 100
to 1000 rads,

vere there icfants ang ¢rhildren 1o orha gpen %o drink
this milk? 1560 cénsus figures (<rove figures vary li‘tle

from year to year) indica ¢ sb oot 20,00 children under 5

[

Tatle VII
POPUOLATICN STATISTICS FOR SELZCTEL €CUNIILS NZAR THE NEVADA TEST LITE
1920
Count s State Total Po fer cent residence Per cent under- Live Births
v P- rural farm 5 yearsa old
e 1 -
Washington Utah 9,836 23 data for 322
" 3 \ pn
Iron 9,642 10 this age 3Co
- Pl
Clark Nev, 48,289 2k, 2 group 1,247
Elko " 11,654 17.6 not 254
"
Lizcoln 3,837 10.6 available a1

t K
Nye " 3, 1¢1 1€ for 1950 v >3
White Pine " 9,424 8, 232
1960

Washington Utah 0,271 12.8 230

‘Woo\n
VoI ¥

Iron " 10,795 13 . 274
Clark Nev, 127,016 1 12.4 3,554
Elko " 12,011 13.7 11.3 292

Lincoln " 2,431 6.0 11.9 56
Nye " b =7y 10.1 9.5 64
White Pire " 5,808 4,3 12 208



years of age, and 4174 live tipths . ¢ sear in the counties
ol interec* in Mevada. In wasnin«ion ooanty, Jrah, there
were 628 children under S in 140D, 270 live birehs in 1000

ard 332 live btirthks in 1950. 7This isndicatres th

[
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approxicately 250 to 3CO children 37 6 to 18 months ir the
county at any given time.
Individual children on any of & lurie nuzber of ranches

could have received high th:

d

roid radiation doses (such as,

for instance, the 21 to 137 rads pcscible at the Geyser Ranch

~N W

in Hevada on July 15, 1957). There are repeated cases in
1

which we know it is quite likely thaz a considerable nurmber
were exposed, The entire %Wachingtcn county was blanketed
with fallout levels that could cause 5-100 rad or higher
doses on at least 7 different ~ccasions.

Not only waé fresh zilk% on farus probably affected, dbut
also pasteurized milk, for cuch of the milk delivered in the
county is pot mixed with mil¥x from sther areas. St, George
has one local dairy, the Whitei:ead Uairy, which collects milk
only in Washington County, in the izrmediate vicinity of
St.‘George, and distributes it locally. The arden Mgadowgold
Dairy collects ite milk in nearby Iron, Fiute and Beaver
counties, These dairies Lave bteen in busciness throughout
the period under consideration with the same collection and
distribution ;zf*ern.lg

Pasteurized nilk from thece dzirics would be expected

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




BT 3 1- - ; H
Iresh nilk fropm tre aren.  Inig o lgoAy “oelecay in
rlila;ct1v1*y_pak;ng rince in oo LElm=Tne mime it savoes

tc collect, procecs ~ng discritutes -~

(Cther dairies active in Uaztinrcten SUINTY are tho

as

v
4

anderson Dairy,. wnich Shipc =ilk out ¢ Zay Vegas, “here it
ig presumably pooled with other 21k, nd the Highland Dairy,
which has come in Rore recently, distributing nilk frono
northern Utah,)

The chain, therefore, from nuclear explosion through

fallout, basture, cow and nilk :o chiil<ren has been coxrleted

in many of these are2as and for a corziierable number of children,

What biological eftfect would be expected from these exposures?

\

S) The biolomical fsiznificance of trhese levels

It is now well known that radiozctive iodine presents

a special hazard to infants for the following reasons:
P g

l. Milk is the largest human distary source of
iodine 131 ard children generally drink more milk
than adults.

2. For the same qQuantirty or iocine ‘n the food
eaten, the cells of tie hyroid of an i
receive 10 to 15 times the i0Ze reced

cells of an adult thyroid., Tne in
is much snaller, generally wei:~in
grans, whereas the adult 2
20 grams. In the infant & given
Tadiation i: spread over Gomuch szz
and each gram receives a greater amowy
radiation.
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the adult's 1o cancer induction I lation.

3. The inrfant's thyroid sy be zore 2onsitive than
. o
n on &fter a

3 ~
‘fl Noda

~ y
Thyroid cancer wac observe i 1
single exposure to radiation of 15
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carcinoma in children wrno Z-.d teen cxpored to x-irrzdiation
in tke neck regicn, than in centrol croups rot so exposcd.

The czallest dose capable of iniueing cancer is not known,
but it is generally assuced that the fre-ucney of induced
cancer may be proportional to Zcle, dowm to very low levels
of exposure., On tihe assumption of Lo threshrold, Beach and
Dolphin of the United Xingdon Atomic Znerry authority estimate
that if ore million infants were expoced to ¢ne rad of
thyroid radiatiorn, 35 would be expected to develop thyroid
cencer, .

The AEC's permissible external effective biological dose
of 3.9 r could result in an intcrnal 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 fror continental testing
khzve not been confined to surfaccvaud atmospheric shots, .
Venting of subsurface shots has been reported for at least
seven cases: larch 23, 1955 (shot =SS, of Operaticn Teapot)::
September 15, 1661; December 10, 191 (Froject Guoze); March 5,.
1S22; april 14, 10G2; May 19, 1962; Jume 13, 1962 (the Des
Moines skot) and July 6, 1962 (the Jedan shot, 100 kiloton

"
shot €35 feet underground).l’zo'Cl ire Des loines shot resulted



ihe isme Shot in New lexico Lhy bhove resulted ir thyroicd
dozes in the range rrom 7 to 55 rade ir tre imrediate vicinity

of Carlsbas,

7) Lizitotions ar thele cataimiteoa

#2Y objective appraisal of the »sticates mace here
Lust take into account their limitations,

The main problen is a gencral lacyk 0f urerul data,
In most cases, detailed milk data Wi not reported, and yhen

it was, the inforrmation was not in useble forn;

T e T e e

Table vIII

Sone estimated infant thyroig doses for Project Gnome (Decenbor 104 1961),
Data are frem AEC report number ENE-132F,

e - e - - C e T e T T —
- } v ‘Time of 1-131 in Frech Milk roze to Infaat
Hot Spot ! O Rate IRcadingiI‘ljl Donsity 1@~;/1 Paso& on: .Tyyrp}q - Rads -

: { P s S Al T
f Locution - mr/hr H ¢ hpe . - iclcn ‘indceale ‘Carner Yind-" . Garner
e L T e e D T - T = ——slsealen

ouwell,Newdexico | .3 10,10 S8 2080 15 000 S5 3

T“‘*;Q‘Ei'ﬁ'Edi"“i°z T T T Y. N o T
: :/35;5 ’ < : 229 © 125,000 L 562,020 17 . 10>
—_— L. - . - .. . ———de
z ' :
Z ' 131 L 22,000 212,000, 9 j
e e T O
e 65,600 ! 22,000 R Ios4 }
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In 1952, =cme coserva i A3 niry nerdc were made,
an? externzl doses received T ochesm ooan erTimated ot - avas]
duta on fresh milk giver o - - Iter ihe eXpoSuICs LY 20U

availeble. In 1957, durin: (peraticn slumbob, zilk weo -isted,
“ut only for gross beta rediatinn and for strerntiunm 90. The
gross beta values do not provide a basic, in this case, for
inferring iodire levels, and while calculations can be made
from strontium levels, they do not carry the same certainty

as actual iodine fijgures,

Detailed zilk monitoring figures were not reported for
the 1558 tect seriec, Operation Hardtack II. The two tests
for which such zciitoring was reportsd wore Project Gaoze,
Decenber 10, 1951, at Carlsbad, Hew Mexicc and the Des loines
stot, June 13, 1962. dHowever, ull iodine measurements for
Gnoze were made in milk collected either before the tést,
or at least ore month after the test, when any high levels
that night have occurred had already dissipated;22

For the Des Moines test milk was again monitored éither
too early (Jume 13, the day of the test) or too late.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 locations would have come about

Dy

)

June 15-17, two to four days after the explosion.
llore =zdenuate data either have nct teeza taken, or have

not been made available to the public. (. report by the
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average, so rhat “27xlled variatiosns tle orooured

and

AN LTOTrANs have heen

<0 arcas digt - tTom tre T&la Test Itay 'rere arc
1< date for tre - =00 befsre 1927, and data taken after

The licitz ion on the fallont menitoring progras is clear
ite budzet, as Statedl in tre 1C. - Jzllous bearingc,

I, offgite monitoring cost: run ioruT 93/4 million

in a broad Stuly o the rzdq-ac Tors
izotopes and CONITUCts yeur-raun? wLIloring of

tnese radioactivitier in rmany oo 1080, Any ascu-
rulatica of the. o T20erisls an be fetected with
Creat cenciti ) no le varniLs of rotentizl
hzzard could pe iven loni .. fore 1y actual daanger
occurr<ue rrorm test detontin~n, Sheoanounts or
A3 _

radiostrentiun and racioti.diine n1ch have fallenp

outside the areas near tne tenr sive 20 a result of

all atomic tezts Uy 70 nowv are sl nificaat comrared
5 :

idered Naczardous
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to concentratinns that w
to health,

The hazard nas been Successtiully confined to the
controlled arcs ~f +n Tont Citae,
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In the lizht of e precent analysic, those ctatermentsg

are an incorrect CIvimar s of i hazard to the local popu-

lation fron fallocet in the weveia Test Site region.,
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