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Effects of Nuclear Weapons Testing

GORDON M. DU NING

Dv. Dunming 1 ¢ health physicist weth the Division of Biclegy ond Modicine,
U.S Atemu Esovgy Commisrion, Washington, D.C. Nis primary dutiss ave con-
corned weh bislogical effects of rediation, s3pecially as reiated to sucieer weap-
ons tests, and he has participeted in all of these tests mnce joiming the commin
non in july 195]. He recesved his oducation ot Syreruss Usniversity end nill
matntmas sslovest i Ais major firld at the emiversity, that of oducetion of

URING the past decade the United Seaems
has conduced a proevam of nuciesr weap-

cquevalent )

was of TNT, sagether with the production of large
quamtities of radivective materiah owest be mher-
ently accompassed by some degree of ruk Simce
the contimuanon of our ouclcar swsting programm »
mandatory to the defense of our country, the prab-
lem then becomes ome of defining these rinks amd
of svalnating them m the light of what » bem far
the proples of the free world

The wiormmanon gneoa brre provudes amswery
oward three besic questions 1.ned <cocerning the
westing of suclesr weaposs: (1) What are the prob-
lems and posmbie nks amociased with maucieas
weapons waing’ u What are the daa comcera-
mg cffects from past tests and what magin they be
f the wruts are comtmued? ' What do these data
mean—how senous are the pommble ks

Slast and Therwal

Blest. The blast effects are limsted to areas near
the ste of desomatvn. Partal damage 1o structures
may extend for about 2 mules for 2 nominal-saed
bomb (cquivalent in energy © 20,000 tons of
TNT) (/) and for 10 mules or more for high-vield
weapoms. However, reflection of blast waves from

Oscomber 1933

corninsls

lavers of the stmosphere may focus the blast wawe
producing greaswes premures than are usaally e
pa:aedachtpam '2) These refiocted waves
have cansed some structural damage owsside of the
Nevada Tem Sise. Tosal clauns paid wo deee far
such dasmage amoumt 10 $44.342 18 No peresn has
beem mjpured darectlv or mdirectly from these wem
biasts Thaum, there s some shght ek of asmor stres-
tursl dasmage wuch 2 broken windows m areme
aroumd the Nevada Tem Sise, but the blamt pres-
effect on human heings and anenals.

Thermel Segnatr st amounts of heat radianom
may br recrmed ot w0 2 owles from 2 nossseal
bomb ‘1) amd abosst 20 mules for 2 high-yield
weapre Alsn . the t e of a3 oucdlear desomation
che heght pe w1 1o 2 sosunal bomb may tem-

bhad 4 prron  he ook directiy 2t &,
even from 1 dstance of 30 10 40 mulea The bnil-
bamce of 2 sommal bomb mals that of 100 nms
when +ewed at a distance of 6 mules 1. The uem-
ple act of turmning the head away from the bne of
detomation can give adequate protection. For these
reasoms, motorsty near the Nevada Test Sese are
wamed pnor 1o cach detomation In the pawt, four
mulitary perwonnel partcipating in the Nevada sests
have recened eve wmjury—three superficial thes
have compicielv hraled, and one serius. No ome
has been v :md 7 the ten nte.
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Radiations

External exposure. At the time of detonation the
aimost instantapeous gamema rays released will be
of concern out to about a mile for a nominal bomb
(1) and out to a few miles for high-yield weapons.
However, ugnificant 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 lem
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 tc produce minor and
transitory changes in the blood; about 100 roent-
gens are required for some persons to show radia-
uon sickness ; about 450 roentgens may be lethal to
half of the exposed persons 1 3). (A roentgen i 8
unit for measuring the amount of radiation, or dese,
that has been received. For cmample, a normal
x-ray will deliver about 1/10 roentgen or more W
the chest; about 10 roenegens are recoived o a
lifetime from commic raws and from nsturally oc-
auming radicactivity in the ar, waser and sodl, 4).

The lughest radiation exposure © any mdi-
vidual m the Unised Staers cutside the Nevada
Tew Site has been about 7 rornegens (abowe 12
proplr and lor asy commuasty abowt 4 rormgess
5' Theme dosmges are briow the amoust areded
50 produce amv detectable effect and are far below
the amount required 0 result m radiston schaes

pecaed duft of the wads camsed 2 hesvy fallows
over somr of the Mardhall hiands The highen
rachation expomme w the mbhabitases of these
wizods was abowt 175 rormegens Mot of these peo-
pic expenenced radmoon schaess, bt there were
oo deaths It was reporwd by the Japamese dhat
soome fshermens abcad 3 vewrl meas dhe Pacilc
Provne Ground o the same date recerved a bugher
exposure than thrs Thev further repevreed a1 one
of thew frihermen ded om 23 Sepoesaber 1954 irom
svere bepatits Hepatts 8 2 condbon mot &
recih annbutable to rachatom

Fallout matenal alw eouts brta raw that travel
» most 2 few mewn i ax and are of prncipal (on-
cerm when hughiv uctve fallout matenal remasms

appear ke 2 bum and mav ukerase f the radie-
won exposure has been large enough 6.
Bra burms occurved on the skin of the Mar-

shallese expased 10 the fallout described m the
!

ceding paragraph. Also, some cartle m
1952 and some horses m 1933 expenenced
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burns caused by the beta radiation frem the fallon
maserial being in contact with their skin following
continental tests. All were within 20 miles of ground
zero. Cattle from the 1945 exposure have been
under observation at Oak Ridge. There have been
no observable changes in the animals, except skin
damage and loss of hair in spots that regrew bt
was gray in color. Their offspring have been normal
in all respects.

Internel expesure (short term). Radisactive
:nd-epluaunhlu—'nl-n‘yhd'-

posed of tesee th .1 is relatively msrnaitive 10 radie-
von Experimen: ! wudies with sheep. for example,
show that sbout (6000 rarstgens are requared
produce even munumal changes s the cell gtrurtwre
and abowut 30000 rocsagens are requared o produce
defmne crll dammage and hvpothvrosdiam '8

The Inghest amount of radscactve jodime found
= 2o aeammal due w0 fallout was s sorme sheep
wraamg sear the Nevada Test S durmg the spring
of 1951 The ewwnated radiation dose w0 thew the-
ook wa xbout 2000 rrenegens 9 Owing wo e

o arspread dsinbuton of {allout from the
Pacawe wsts in the sprng of 1954, radeoacuve odime
was found m the ihrouh of cattie and sheep =
vanous parts of the Umted Scases 10}, The high-
et 10tal radiaton dose w the tnrod from the
wTiey was estwmated 10 be about 40 roentgens. The
prak thvroad measurements m amsmabs during the
1995 rest wrwes were about 5 1000 roemtgen per
dav 9}

Radsoactive wdhne n the thvroid of human
brmngy resulung from intake of fallout material has
measured was m mdividuals near the Nevada Tem
Site m the spring of 1935, but there s some un-
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certainty in the readings, owing to general com-
tamination of the environment. However, if olf the
observed radiation is ascribed to radioactive iodine
in the thyroud, the exposure amounted to & peak
value of a few thousandths of a roentgen per
day (9). Thepeakvaluaformherhumanmm
urements in the United States for tests both in
Nevada and in the Pacific have been generaily 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 efects
and that the highest measured radiauon exposure
to the thvroid of human beings has been far below
that needed to produce any detectable effects.

Internal exposure (long term). One of the bio-
logically important elements in fallout 13 strontium-
90. If it is taken into the body, it 13 selectively de-
posited in the bones and conunues to uradiate the
surrounding cells for long periods of time, since it
has a half-life of about 27.7 vears. The deposition
of relativelv large amounts of strontium-90 in the
bone would be expected eventually w0 produce
bote tumors (/).

Owing to its reiatively long half-life the amount
of srontium-90 will accumulate in the eaviron-
ment if more i continually added. Asuming a con-
stane rate of vearly addition and no los through
weathering, an equibbrum condit)on would be ap-
proached after 150 vears— 3 state 1o whach the rase
of addition u equal w the rase of lom through
rachological decay. About ome-half of this equili-
briumm amount would be reached m 78 vears. The
equilibrium amount would be abowt 40 tenes the
answsal addition

Az the presenet ume the ComtAmInation
of wrontiun-90 m the Unied Scates s abowt
15 100,000 mecrocune per square foot (A mecro-
cune & 2 ‘mmt for measermyg the radioactinity of a
material By defintom, a cune 8 37 x 10™ d&am-
tegranions per wxond ; 3 mcrocune » or--mlhonth
of 2 cure. . Ths s sbowut 1,240 of thae of the sod's
normal radeem comeent (12 and | Y0 of the
amount |9) estrmared 0 result eventually m the
body’s accumulating 2 saxumem permwssble bady
busden of srootman-90—a value commdered mfe

If 1 8 ammuned thae futwre suciear sems wousld
resit m an envuel fallos equal w the highest
amoust expereaced heretofore = anv ome year,
lhuthepmytﬂcdtm*for!hel,mmd&m
afwer a period of more thas 150 vears might ap-
proach |3 10,000 macrocurie per square foot (9).
This s about | 27 of rhe amount of radium that is
usually presest and 1/150 of the amount estimated
0 result evestually n the body’s accumulating a
maxnum permissible body burden of stromtiam-90
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—a value coasidered safe. These pomibie wends
w.ubeooounuauycheckedbydn.&ml-
Commimsion’s extensive monitoring program new
In operation.

Neutrons (particies) that are released from s
nuclear detonation react with a nitrogen atom is
the air 10 form radioactive carbon, called carbon-14,
which has a long half-life of about 5600 years. This
radioacuve carbon enters into the biosphere (the
environment of living things) alongside normal can
bon and thus finds its way into all living tissues and
uradiates the surrounding cells. Since carbon is
found in ali living matter, the effects are similar to
those when the whole body is irradiated by an e
ternal source.

Because of s long half-life the amount of car-
bon-14 in the world would accumuiate unul it
reactied an equilibeium state, a condition in which
the rate of producuoe is equal to its rate of lom by
radioactive decay. Assuming a constant rate of pre-
duction through yearly nuclear tests, an equilibrium
condition might be approached after 30,000 years.
Orne-haif of the equilibrnan value would be reached
in 5600 years

A nominal-saed bomb produces abowt 1/48
pound of neutroms (/). If it s assumed thet each
ncutron will react with a nitrogen atom to prodwes
carbon-14, then the wtal amount of this clemment
produced would “e about 1/3 pound. It has beem
wgyrsted that 2 large thermonuciesr weapen might
produce as much as lwp.&dmlb (I1;.

bow-14 thus cremed m the wvvid would be abews
20 umes greacer than the amo-.ot now presemt.
There are about 180,000 ~oumds of carben-14
mamtuncd carrently m ssture w as equilibrians
state, owmg w amural production by sosrems
‘creased by commec rays) resctmg with nitregam
of the 2 . /4). However, this amoust coneribeses
anly abou' | percest w the wal sacural radintion
dose recerved by the body weal sateral radissine
3 sbowt 3 ‘1000 roemexen per week) (/5). T,
the equitbrem umre -~ of casbom-14 (approached
™ 30,000 vears awght mcrease the sormal radie-
tom dose 1o the body by 20 percest of the pressat
vakue (9) The comchation ssust be made that shis
effect 8 incomsequaential.

Av, xatev, udﬁsLM-i-au-n-nlyc.-

o farth) /6). Ishalation of these radscactive ma
senals present i the ar resalis i 2 radistion dese
of 3100 10 8/100 roentgen por wesk baing dalle-
ered to the hungs. The radioactive comsant in weter
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supplies varies greatly, but some has been found i
ementially all sources. Rain will be radioactive,
owing to the natural radioactive materials in the
air. Not only is radicectivity 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
may find their way into water and food supplies
amd thus be swallowed. A certain fraction of radio-

mh@-m&uiamh
h&‘bh“ljmwc*

used 28 the soie source of sappiv for 2 hieume (12}
Radicac:ne masermis have boem found = plank-
e and ager » higher comcentratinns than in the

known mstepic comsemt) that i importamt. » hm-
%8

ited quantty of fish comtaining above-maximum
permissible concentrations might be eaten safely,
but their :ontinual consumption would be un-
desirable.

The presence of such radiosctivity 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 vesmel Fukuryu Maru (Fortu-
nate Dragon). This was the ship that received the
direct fallout on the day of detomation, | March
1954, and the source of the radioactivity measured
on the fish was prncipally the direct surface con-
tamination as the fish lay shoard the vewel. The
quantitative levels of activity found on these fish
are unknown, but thereafter the highest activity
mlmcmwmmndbyacqw
counter, with shield open, heid close 10 the surfacs
of the fish. This iatser activity is comsidered safe fior
unlimited consumption) by American permissible
standards. .

Geuctics. There ave five reicvant peints concern-
ing radiation and genetics that may be coumerased

1) Radiation can camse iveversbie imherimbie
changes (called geme mutations) in the germ aslh.
Most of these mutations ase considered harmbul
2) The number of mutations predured i inde-
pendent of the rae of radintion expangre; thm s,
n s the weal exponere 3 given kind of adistion
that » the smportamt factes.

3 Radiastwoss ha:- net produced sov kinds of
mutatwas ast aread:. knows and eccwrvmg ner-
malvy Thes. the posm.hic effects of wradiation from
muciear drsomations - .ghefullr may be compared
with thos prodesced b manwral camses
4 If de mucsen that ccours 8 of the “doms-
xam” npe them the effect appears m the farm
gearvaton. It & belirved. however. that bv far e
‘uyen smuber of anxanons thet do occur are of
the “recemve” tvpe that mav be carmied gemers-
aon aftey praeTation withowt oxpresion watl & B
mar  -'h  ssmdesr masast geme m the opposte
w1 . gusrence of very low probabshe m a
wearral popuiaton such as curs that 8 out-breeding
owne o Lhoos aramst marmage of close reistives).
Than. the presence of 2 mutant geme very rarely
means 2 “defective” mdivadual m the sener of de-
sectable defects
3 It has been estimased that matural causes (of
whach radianon from mormal sources accoumss for
onl 10 10 70 prrcemt) 20 mav produce om a8
mthmaﬂth
paremts. we mav have om an average four “mew”
Suations i every five mdividuals. in addition ®
the very pumeerows “old™ mutations mberited from
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eariser gemennuions (2/). Am estimats has been
made by some that about 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 nuclesr 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 fallout taken into the
bodv would be insignificant.) This is in addition
to the approximately 7 roentgens that inav be ex-
pected from natural sources over a reproductive
lifetume—-that is, an increase of 170 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
{rom all nuclear rests, then by the same calcula-
tnons about 120 million {1500 times as many) ad-
ditional mutations may be produced by natural
causes during the same 100 years, assuming no n-
crease in population over the 1933 census (9).

If it » asumed thar future nuclear tests would
sult in an annuel 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 mirht increase the normal rate
of mutadons by 1.4 1o 2.8 pervone. If it is assumed
that an average of two additional mutations are
produced by natural causes among every five indi-
vsduals, the new mutation rate might be 2.03 w
206 per five persons (9).

It » generally heid that an increase m mutation
rate 8 undesirable. These data and estimates give
some perwective concerning the degree of nsk
mnvolved.

Weather

There has been speculation on the part of some
regarding the posmble reiationship between test
nuclear detonations and the weather. Some of the
effects suggested have been: i} the particles of
dust being thrown up by the detonation acting in
1 manner umlar 10 sher iodide crvsials used in
cloud seding to imitiate precipitation: ‘i) the
change in the electric properties of the atmosphere
owing 10 wazation produced by the radicactive
parucies: i) the reduction of direct solar energy
recenved on earth owing to the dust thrown into the
air by the detonation: 'ivi the increase in number
of tornadoes: and v) the occurrence of drouth in
the southwestern United States.

It B true 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 con-
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ditions in the ammosphere were most favorable for
this eflect. However, experiments conducted by Aie
Force Cambridge Research Center on nucleating
{cloud seeding) properties of Nevada dust and ion-
izing properties of radicactive fallout and studies
made by the US Weather Bureau on possibic
effects of nuclear detonations on electric properties
of the air, solar radiation, tornadoes, and precipita-
tion show the following 22)

1) Nevada dust bas very poor nucleating proper-
ties: that i3, ineffective as a cloud-secdmg agent.

2) The amount of 1onization produced by radio-
active material i3 insigmficant in affecting general
atmosphenc conditions.

37 Whereas, even relatively minor volcanoes
may put enough dust into the atmosphere to de-
crease measurablt the amount of direct solar radi-
ation at the observauon point established, no such
decrease has been otserved 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 r-porting tormadoes that nor-
mally occur.

5) 'l‘heptamtdmtthew\(encobegan
before the nuclear tests were started in Nevada
Similar drouths are on record for the 1930°s and
for eartier dates

Thus the data and their evaluation to date pre-
sent no evidence that nuciear detonations affect the
weather, except as noted here (or large detonations
in the Pacific.

Nisric Acid Fermmation

At the ume of a nuclear detoration, a minute
fraction of the energy released causes nitrogen and
oxygen of the air to comiune, produ.ing nitrogen
dioxide, which in turn becomes nitric acid by unit-
ing with warer vapor This acid may be brought
to the earth bv ranfall The amount of nitrogen
dioxade that pe:usts following a nuclear detonation
s lesws than what mght b predicted on the basis
of energv cons...- -0, adone, because the tem-
ptnxundd‘ nreball remams high for a reia-
tvely ‘ong penod of ume ucompan:d with hght-
ning, thus allowing some of the nitrogen and
oxvgen to dimociate /)

It has been speculated by some that the amount
of nitric acid formed from the detonation of a high-
yield nuclear weapon equnalent to millons of tons
of TNT would be great enough to produce aa
acidity of pH 5 :n ramfall 'pH & 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-
composition of organic matter in the earth and to a




(25). Tham, it hes beam found that the acidity
(piY) of nermal rxin has average values of 4 to 5,
w&h.hmgidthanthatptudictedbym
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