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Effects of Nuclear Weapons Testing
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U.S. Aroms Enovgy Commmiznion, Waskingten, D.C. N
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URING the past decade the Unised Staem

has conducsed a proeram of nuciear weap-

ons development and testing. The release
of energy equivalent o thoumads and millions of
was of TNT, sagether with the production of large
quantities of radicective materials st be imber:
ently accorwpamied by some degree of rish. Sémce
the continuation of cur ouclear wsting program »
mandatory to the defense of our coumery, the
lema chem becommes ome of defining these risks
of svaluating themn m the light of whas & bent
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i the w3 are continued? w1 What do these data
mean—how senows are the pomsbie roks”

Siast and Thermal

Slat. The biast effects are limited 0 areas neas
the sise of desomation. Partial damage 0 structures
may exsend for about 2 mies for a sominal-sised
bemb (equivalent in emergy w 20,000 toms of
TNT) (/) and for 10 miles or move for high-vield
weapons. However, reflection of blast waves from
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around the Nevade Test Sise, but the biast
suses cutside the ute will have oo disect detrimencal
effect cn human bwings and anamals.

Thermal Segmufant 2mounts of beat radiation
mey be received out w0 2 meles from 2 mossinal
bresh ‘/) and abowut 20 wiles for a high-yield
weapra. Al i che t me of 2 nuciess desonation
the hght pcw . ~! ma-_malh@-:y—-

reasons, mosorists near the Nevada Test Sise are
nmdpummhmu(hmh

have recened eve m)
have compietely healed, and one serious. No cme
has been miured off the tent site.
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Radiations

External ¢xposure. At the time of desonation the
almost instantanecus gamuma rays released will be
of concern out to about a mile for a nominal bamb
(1) and out to a few miles for high-yield weapons.
However, significant amounts of radioactive fallout
may occur at more than 300 miles downwind from
high-yield weapons. This material emits gamma
rays similar to the instantaneous ones but with lems
quantum energy.

About 25 roentgens of gamma radiation, deliv-
ered in a short time (about a day or less) over the
whole body, are required to produce minor and
transitory changes in the blood; about 100 roent-
gens are required for some persons to show radia-
ton sickness; about 430 roentgens may be lethal w0
half of the expased persons (3). (A roentgen s 8
unit for measuring the am. u of radiation, or dese,
that has been received. For example, a normal
x-ray will deliver about 1/10 roentgen or more ©
the chest; sbout 10 roemegess are received m a
lifetame from commic raw and from naturally ec-
curing radiaactivity in the air, water and i, €).

The highem radiation exposare 0 amy indi-
vidual i the Unised Staees cutside the Nevads
Tem Siee has been about 7 roemigess (showt 12
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at most 3 few mesen m aw and are of prncipal con-
cern when haghiv acuve faliout mareral lung-
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burns caused by the beta radistion frem the
maserial being in contact with their skin
continental tests. All were within 20 miles of
zro. Cattie from the 1943 exposure have
under observation at Oak Ridge. There have been
no observable changes in the animals, except skin
damage and los of hair in spots that regrew but
was gray in color. Their offspring have been normal
in all respects.
Mexpemhwlbm&emdforhlw
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i asn amimmal due w0 fallout was in some sheep
granmg uear the Nevada Tent Siee during the spring
of 1953 The estimated radiation dose w0 their the-
roud was xhout 2000 rrentrems 9. Owmg w0 the
© s= w.aespread dmnbution of fallowt (rom the
Pacic sesrs in the sprmg of 1954, radhoactive odme
was foummd in the tnrouds of cattie and sheep in
vanous parts of the Umited Scases ' 10). The high-
et 1otal radiattion dosr w0 the thvroid from ths
wres was estumated 10 be about 40 roentgens. The
prak thvrood measurements m assmab durng the
1955 tem swrnes were about 5 1000 roentgen per
dav '9).

Radicactive iodime in the thvwwoid of human
bemngs resulting from intake of fallout maserial has
been measured The highest radiacon exposure
measured was in imdividuals near the Nevada Tem
Site m the spring of 1935, but there s some un-
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cerainty in the readings, owing to general com-
tamination of the environment. However, if olf the
observed radiation is ascribed to radioactive iodine
in the thyroid, the exposure amounted to a peak
value of a few thousandths of a roentgen per
day (9). The peak values for other human meas-
urements in the United States for tests both in
Nevada and in the Pacific bave been generalily one-
tenth or less of this level.

These data indicate that the highest measured
radiation dose to the thyroids of animals has been
below the level that might produce harmful effects
and that the highest measured radiation exposure
to the thyroid of human beings has been far below
that needed to produce any detectable effects.

Intermal exposure (long term). One of the bio-
logically important elements in fallout is strontium-
90. If it is taken into the body, it is selectively de-
posited in the bones and coaunues to irradiate the
surrounding cells for long periods of time, since it
has a half-life of about 27.7 v=ars. The deposition
of relatuvely large amounts of strontium-90 in the

15/100,000 microcurie per square foot. (A mecro-
curie s 2 ‘'mxt for measering the radioactivity of 3
lﬂuﬂl.bydcﬁnmm.am.thlO"&-

If % is asmurved that futwre suciear sems
remlt in an ensnd fallow equal © the
amount experiemced heretdfore i

then the projected average for the United Stasm
dnraprrnddm&-lio

—a value considered safe. Thess pomibie Gends.
wdlbemunuuychoddbyﬂnAml"
Commision’'s extensive monitoring program mew
in operation.

Neutrons (particles) that are released from a
nuclear detonation react with a nitrogen atom ia
the air to form radioactive carbon, called carbon-14,
which has a long half-life of about 5600 years. This
radioactive carbon enters into the biosphere (the
environment of living things) alongside normal car
bon and thus finds its way into all living tissues and
irradiates the surrounding cells. Since carbon s
found in all living matter, the effects are similar o
those when the whole body is irradiated by an ew-
ternal source.

Because of its long half-life the amount of car-
bon-14 in the world would accumulate unul it
reactied an equilibrium state, a condition in which
the rate of producuon is equal to its rate of loss by
radicactive decay. Assuming a constant rate of pre-
duction through yearly nuclear tests, aa equilibrius
condition might be approached after 30,000 yeass.
One-half of the equilibrium value would be reached
in 3600 years.

A nominal-uzed bomb produces sbost 1/48
pound of neutroms (/). If it s asnumed that each
neutron will react with a nitrogea atom to produss
carbon-14, then the total amount of this clement
MM\MIﬂMI!hh
suggested that 3 large thermonuciesr weapsa
Ma-ﬂ.lﬂpﬁdmu(ln.
Accepting the foregoing csticnases, if several lasgn
thermonuciear desonations occurved every yoar far
30.000 years, the aear equuilib—um amoent of ca
bom-14 thus creased i the world would be abewt
20 times greatey than the amount now presemt.

There are abowt 180,000 pounds of carben-14
mamtancd curremtly i sature = aa equilibrinn
sase, owing » satural production by acutrems
{creased by comnic rays) reacting with sitregem
of the air | 14). However, thin amount contributes
anly abo‘ | percent 10 the weal sacural radintion
dose recerved by the body /weeal natural radiesion
s sbowt 3’1000 rormexen per week) (/5). Thas,
the equibbrirm umvern: of casbon-14 (approached
ra 30.000 vears mmght iscrease the normsl radin-
tom dose to the body by 20 percest of the pressat
value (9. The conchasion ssast be made thae this

cffect 8 inconsequuential.
A:r xatey, alﬁsh.h-‘l--rw—lyc-

o farth) ' 16). Inhalation of these radicactive ma-
serials presest i the air results in 3 radietion dase
of 3100 w0 8/100 roemtgen par wesk being duliv-
ered to the lungz The radioactive content i weter

-




supplies varies greatly, but some has been found in
ementially all sources. Rain will be radioactive,
owing to the natural radioactive materials in the
air. Not only is radiosctivity found in air and water,
but the amounts vary widely from place to place
and time to tirme,

After the detonation of a nuclear device, some
of the radicactive particles are small enough to
remain in the air for long periods of time and thus
to be carried by the prevailing winds over large
areas. These particles may be inhaled. and also they

of mdicactive meterinks m siv and waser ase hosed
on this consideratsen (I7).

The lughat activity chsarved in air aavwhere in
the United Scaes outnide the comcvel aren i
Nevada' has been showt 1.3 micrecancs per cubic
meser of air avernged over the 24-hour weriod thee
the athity was present (/8). The esumaerd rad-
anon dose w the hngs resuhag from this activin

I
1l

sdeved safe—even i the wawy had heen mored andd
wsed 28 the soie source of neppiv for 2 kirumme 12}

Radisac:ne maccrmnls hove borm found in pland-
e and gsr m higher concestrasions thag i the
swTounding wasrr. When fish ent these marime

ited quantity of fish comtaining above-maximum
permisible concentrations might be eaten safely,
but their continual consumption would be un-
desirable.

The presence of such radioactivity in tuna fish
was reported by the Japanese following the Pacific
test in the spring of 1954. The highest activity re-
ported by the Japanese was found on the skin of
the fish aboard the vesel Fukuryu Meru (Fortu-
nate Dragon). This was the ship that received the
direct fallout on the day of detomation, ! March
1954, and the source of the radicactivity measured
on the fish was principally the direct surface con-
tamination as the fish lay sboard the vewel. The
quantitative levels of activity found on these fish
are unknown, but thereafter the highest activity
mlMcmw—'nnmbyaGQu
counter, with shield open, held close 10 the surface
of the fish. This latter acsivity is comsidered safe for
unlsnited conmumption; by American permsimible-
standards. . ’

Genctics. There are five relcvant peints concern-
ing radiation and genetics that may be enumerased.

1) Radiation cam cawse iyeversible imherinhie
changes (called gene mutations) in the govm ale
Mast o’ these mutations ase congidered hasmbul.

2) The sumber of mutations ‘preduced & inde-
pendent of the rate of radintion expanwre; that i,
a s the wnal exponare w 2 given kind of sadintion
that » the smportase {aceer. :

3 Radintoms havc nst preduced sav kinds of
mutates et akead: kaown and eccwrvme wes-
maly. Thus. the posubie effects of radistion from
nuciear deswomations rehefully may be compared
with thosr produced b satwral camses.

4 1f che mucation thet cocars s of the “domsi-
nam® trpe. them the effert appears in the frm
gmersucn. It s beleved. however. that br far the
‘ugen mumber of mutations that do occur are of
the “reresive™ tvpe thar mav be carried gemers-
som afwy genevation withowt expremion watd & B
mar---' b . eniles mutant gene m the oppomer
wi- .. ocusTence of very low probabilice = a
yeneral popuiation such as curs that 8 out-breeding
owmne to bhom azamn marmage of close reiatives) .
Then. the presence of 2 mutant geme very rasely
means 2 “defective™ mdividual i the senee of de-
wctable defects

5) It bas beem estimaced that sanural caases fof
which radiation froms sormal surces accoumss for
ocnlv 10 o 20 percemt) ‘20" mav produce on 2B
average (wo additional mutations arsomg everv five
paremts, we mav have om an average four “mew”

. mmaations n every five mdividupls. in addicion w
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eacher generauons (2/). Aa estimate has besm
mede by some that about 80,000 mutations may
be present among the populace in the United
States living 100 years from now owing to radis-
tion exposure from all nuclear tests to date.

The average radiation exposure to people in the
Uaited States from all nuclear detonations to date
has been about 1/10 roentgen (9). (This is the
result of external radiation. Additional exposure of
the gonads to anv radioactive fallout taken into the
body would be insignificant.) This is in addition
to the approximately 7 roentgens that inay be ex-
pected from natural sources over a reproductive
lifetime—that is, an increase of 1/70 of the normal
amount of radiation. If 80,000 mutations will be
present in the population of the United States 100
vears from now as a result of radiation exposure
from all nuclear rvests, then by the same calcula-
tions about 120 million (1500 times as many) ad-
ditional mutations may be produced by natural
causes during the same 100 years, ing no in-
crease in population over the 1935 census (9).

If it & assumed that future nuclear tests would

then the average radiation exposure to people in
the United Scates would be about 1/7 of that from
natural causes and might increase the normal rate
of mutations by 1.4 10 2.8 percene. If it is assumed
that an average of two additional mutations are
produced bv natural causes among every five indi-
viduaks, the new mutation rate might be 203 o
206 per five persons (9).

It is generally beid that an increase ia mutation
rate s undesirable. These data and estimases give
some perwpective concerning the degree of sk
mvolved.

Weather

There has been speculation on the part of some
resarding the posmble relationship between test
nuclear detonations and the weather. Some of the
effects suggested have been: il the particles of
dust being thrown up by the detonation acting i
a2 manney umilar to sher iodide crystals used in
cloud seeding to initiate precipitation: ‘ii) the
change in the electric properties of the auncsphere
owing to ionization produced by the radicactive
partcles: iil) the reduction of direct solar energy
recenved on earth owing to the dust thrown into the
air by the detonation: 'iv) the increase in number
of tornadoes: and v\ the occurrence of drouth in
the wuthwestern United States.

It 5 true that, following large nuclear detona-
tions, minor weather changes, such as local cloud
fmdoa.mﬁmwizhhnlpwcipintian, have
been noted in the Pacific where the moisture con-

December 1955

ditions in the atmosphere were most (avorabis for
this effect. However, experiments conducted by Air
Force Cambridge Research Center on nucleating
(cloud seeding) properties of Nevada dust and ion-
izing properties of radicactive fallout and studies
made by the U.S. Weather Bureau on pomible
effects of nuclear detonations on electric properties
of the air, solar radiation, tomadoes, and precipita-
tion show the following (22).

1) Nevada dust has very poor nucleating proper-
ties: that is, ineffective as a cloud-seeding agent.

2) The amount of ionization produced by radio-
active material is insignificant in affecting general
atmospheric conditions.

3) Whereas, even relatively minor volcanoes
may put enough dust into the atmosphere to de-
crease measurably the amount of direct solar radi-
ation at the observation point established, no such
decrease has been observed from any nuclear
detonation.

4) Much of the increase in tornado reports dur-
ing the past 5 years can be traced directly to the
improved methods of reporting tornadoes that nor-
mally occur.

5) The present drouth in New Mexico began
before the nuclear tests were started in Nevada
Similar drouths are on record for the 1930s and
for earlier dates

Thus the data and their evaluation to date pre-
sent 0o evidence that nuclear detonations affect
weather, except as noted here for large detonations
in the Pacific.

Nieric Acid Fermation

At the ume of a nuclear detonation, a minute
fraction of the encrgy released causes nitrogen and
oxygen of the air to combine, produ.ing nitrogen
diowide, which in turm becomes nitric acid by unit-
ing with warer vapor: This acid may be brought
to the earth bv rainfall The amount of nitrogen
dioxide that pe:ums following a nuclear detonation
s less than what mizht b~ predicted on the basis
of energy cons:licr:.ons alone, because the tem-
perature of the fAreball remains high for a rela-
tively long period of time as compared with light-
ning, thus allowing some of the nitrogen and
oxygen to dimociate 7).

It has been speculated by some that the amount
of nitric acid formed from the detonation of a high-
yield nuclear weapon equivalent to millions of tons
of TNT would be great enough to produce aa
acidity of pH 5 in ramfall. (pH s the measure of
acidity. A pH of 7 represents neutrality; the lower
the number, the greater the acidity.) However,
nitric oxides are added normally to the air by de-
compasition of organic matter in the earth and to a
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