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Effects of Nuclear Weapons Testing

GORDON M. DUKNING

Dv. Dunning is & health physicist with the Division of BDiclegy and Modicins,
U.S. Atemu Enovgy Commuzion, Washington, D.C. Wis primary dutiss ave svn
covaed with biclogecal effocts of radiation, 21pecially as reisted to nucloar wesp~
ons tests, and ks Aas participeted in all of these tests snce joining the commin.
non in fuly 195]1. Ne recaved his oducetion at Syrecuse U-n-,-l‘
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URING the past decade the Unived Staem

i the wats are continued? wi ' What do these data
mean—how senous are the pomsble raks?

Siast and Thermel

Slast. The blast effects are limited 0 areas neas
the site of desomation. Partial damage 0 sructures
may exsend for about 2 mies for a mominal-sised
bSemb (equivalent in cnergy w 20,000 cons of
TNT) (/) and for 10 miles or more for high-yield
weapons. However, refleccion of blast waves from
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porariy bhad 2 prrson if he iocoks directly a2 i,
even from a distance of 30 o 40 miles The bril-
bance of 2 momanal bomb rmyals that of 100 s
when viewed at a distance of 6 miles (/). The sam-
ple act of uming the head away from the lime of
detomation can grve adequate protection. For these
reasoms, motorists near the Nevada Tem Sise are
warned prior to0 cach dewomation. o the past, four
military pervonnel partcipating ia the Nevada sesm
have recened eve mjury—three superficial thae
have compictely hraled, and one sevious. No cme
has been wniured off the test 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

Fdhnwabmhrnmdnlm
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 contnues 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 relatively large amounts of strontium-90 in the
bone would be expected eventually o produce
bone tumors (/7).

Owing to its relatively long half-life the amount
of srontium-90 will accumulate in the eaviron-
ment if more is continually added. Assuming a con-
stamt rate of vearly addittion and no los through
weathering, an equibibrium condition would be ap-
proached after 150 vears— 1 wate 1o whuch the rase
of addition = equal w the raee of lom through
radiclogical decay. About ame-halfl of this equiki-
briuse amount would be reached s 28 vears. The
equilibriura amount would be abowt 490 Gmes the
ampual addicon

Az the present time the CORMAMINation
of wrontium-90 o the Unised Staams s abowt
15 100,000 microcune per square foot. (A mecro-
curnie B 2 'mst for measunag the radioactvity of a
lﬂuﬂl.bydcﬁnmm.am-thlO"&-

nl'-alndi-cn—t-ll? .md!!md'h

proach lS*‘lO,ﬂl)dtmitpumhu (9.
This is about | .27 of the amount of adium that s
usually present and 1/130 of the amount esttmased
0 result evestually m the body’s accumulating a
maximnum permissible body burden of strontiam-90
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—a value considered safe. Thess possible wends.
wdlbemunuuych.ddbyﬂnAml"
Commision’s extensive monitoring program new
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 e»
ternal source.

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

A nominal-uzed bomb produces sbost 1/48
pound of neutroms (7). If it is assumed that each
neutron will react with a aitrogea atom o produss
carbon-14, thea the total amount of this clemens
produced would “e about 1/3 pound. It has been
suggested that 3 lage thermonuciesr weapsn might
Ma-ﬂ.lﬂpﬁdmu(ln.

30,000 years, the sear egqulibrum amownt of ca-
bow-14 thus cremsed i the world would be abest
20 ummes greatey than the amount now present.

There are abowt 180,000 pounds of carben-14
mamtaincd curremtly i aature i aa equilibrinm
smase, owing w» matural production by acutrems
{creased by comrc rays) reacting with asregas
of the air ( 1€6). However, this amount contsibutes.
anly abo; | perceat o the weal sarural radintion
dose recerved by the bodv (weal satural radietion
s 2bowt 3’1000 rormesen per week) (/5). Tham,
the equilbror amveini of carbon-14 (approached
re 30.000 vears mught increase the normal radin-
tom dose 10 the body by 20 percest of the pressmt
vahue (9. The comchasion ssust be made shae this
cffect 8 inconsequuential.

Alr watey, nlﬁ;h.hﬂ-*w—lyc-

o farth) ' 16). Inhalation of these radicactive mn
serials presest i the air results in 2 radintion desw
of 3100 w0 8/100 roentgen par wesk being dulie-
ered t0 the lungz. The radioactive content ia 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 radioactivity found in air and water,
but the amounts vary widely from place to place
and time to tiree.
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the maamus permmshir 2e00umt—8 CuABUN (OB-
sdeved safe—even f the wasey had been maved sl
da&t:&mdlﬂhhaiﬁ_}l?L
Radisac:he maccrmls hove boem found = plas-
wn and algar m higher concentrations thag in the
swrounding weser. When fish et these mavine
orgasums, 2 small fracien of this radsoacoviey @
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ited quantity of fish comtaining above-maximum
permimible concentrations might be eaten safely,
but their continual consumption would be un-
desirable.

The presence of such radicactivity in tuna fish
was reported by the Japanese following the Pacific
test in the apring of 1954, The highest activity re-
ported by the Japanese was found on the skin of
the fish aboard the vesel Fukuryu Merx (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
was 1300 counts per mimute measured by a Geiger
counter, with shicld open, held close %0 the surface
of the fish. This latter activity s considered safe for
standards. . ’

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

1) Radiation cam camse Aveversible mherinhie
changes (called geae mutations) in the gevm ol
Mamt o/ these mutations ase congidered harmaful.

2) The sumber of mutacions preduced i inde-
pendent of the ate of radintion expaswre; thas i,
# s the wral exponere W 2 given kind of sadinsion
that » the smportane facser. :

3 Radistions hav¢ nse preduced ssv kinds of
mutamss ot alrvad: knowe and eccwrrmn aee-
mally. T the posubie effects of wradistion from
mutiear drwonaions rehefully may be compared
with thosw produced it satural camses.

4 1f che mutatian that oocuss s of the “doms-
mam”™ nwpe. then the effert appears i the frm
pmevston. It s beleved. however. thae br far the
‘uyent sumber of mutations that do orcur are of
the “recemive™ twpe thar mav be camed grmers-
uon afwy generation withowt expression wtd & B
mar---1 b . capler mutant gene m the opposer
wx- 4. oxcusresce of very low probabilivy m a
gencral popuiation such as curs that u cut-breeding
owne o bhom azamn marnage of close reiatives).
Than. the presence of 2 mutant gewme very rasuly
means 2 “defective” individial @ the seose of de-
sectable defects

5' It bas beem estimased that satural canmes /of
which radiation froms mormal sources accoumes for
aenlv 10 ws 20 percemt) (20° mav produce om 2@
average 1wo additional mutations arsomy everv five
parents, we mav have om an average four “mew”

. mutavons n every five mdividials. in addicon
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eariier generations (2!/). Aa estimats has beem
made by soms that sbout 80,000 mutations may
be present among the populace in the United
States living 100 years from now owing to radia-
tion exposure from all nuclear tests to date.

The average radiation exposure to people in the
United 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 faliout 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 resuit of radiation exposure
from all nuclear tests, 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, assuming no in-
crease in population over the 1935 cennus (9).

If it ® asumed that future nuclear tests would
result in an ennual fallout equal to the highest
amount experienced heretofore in any one year,
then the average radiation exposure to people in
the United States would be about 1/7 of that from
natural causes and might increase the normal rate
of mutations by 1.4 10 2.8 pervene. If it is assumed
that an average of two additional mutations are
produced by natural causes among every five indi-
viduals, the new mutation rate might be 203 w
206 per five pervons (9).

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

Weather

There has been speculation oo the part of some

ngardmg the pomible relationship between test

nuclear detonations and the weather. Some of the
effects suggested have been: i) the particles of
dunt being thrown up by the detonation acting in
2 manner sumilar to siver iodide crvstals used in
cloud seding to imitiate precipitation: ‘ii) the
change in the electric properties of the atmosphere
owing 10 wonization produced by the radicactive
particles: ifi) the reduction of direct solar energy
recerved on earth owing to the dust thrown into the
air by the detonavon: /iv) the increase i number
of tornadoes: and v\ the accurrence of drouth in
the wuthwestern United Seates

It is vue that, following large nuclear detons-
tions, minor weather changes, such as local cloud
formation. sometimes with local precipitation, have
been noted in the Pacific where the moisture com-

ditions in the atthosphere were mont {avorabis for
this effect. However, experiments conducted by Air
Force Cambridge Research Center on nuclesting
(cloud seeding) properties of Nevada dust and ion-
izing properties of radiocactive fallout and studies
made by the US. Weather Bureau on postibie
effects of nuclear detonations on electric properties
of the air, solar radiation, tornadoes, and precipita-
tion show the following (22).

1} Nevada dust has very poor nucleating proper-
ties; that is, ineflective 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 tomadoes that nor-
mally accur.

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

Thus the data and their evaluation to date pre-
sent no evidence that nuclear detonations affect the
weather, except 23 noted here for large detonations
in the Pacific.

Nisric Acid Fermation

At the ume of a nuclear detonation, a minute
fraction of the energy released causes nitrogen and
oxygen of the air to combine, produ.ing nitrogen
dioxide, which in turn becomes nitric acid by unit-
ing with water vapor: This acid may be brought
to the earth bv rainfall The amount of nitrogen
dioxide that pe:usts following a nuclear detonation
islendnnuhnmi!htbrpnditudond\eb‘
of energy cons:ic:. .ons alone, because the rem-
pﬂ:&mdt!'.eﬁrvbaﬂrrnmhlghfaarehy
tively ‘ong peniod of tme 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 an
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 axides are added normally to the air by de-
composition of organic matter in the earth and to a
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Asiuring Public Sefety in Continensel Woapons
Tests. U.S. Atomic Commission's 15th Semi-

HP/R 1701 (Atomsic Research Establishonong
Harwell, Eagiand, June 1935).
mm “Everyday radistion,” Physies Tedep §,

Meximum Permirsidle Amounts of Radicisstopes in
the Humaen Body end Mazimum Permissible Con-
contyations in Adw ond Water. Naotl. Dwr. Standard




