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BACKGROUND 

T ms paper deals with the radioactive hazards associated with 
an acute fallout situation; that is. the type of fallout that may 

occur in a limited area dcm·n wind of a large nuclear detonation. 
Such fallout is likely when the fireball touches the ground dra\\·ing 
up large amounts of incinerated matter which, due to the rela­
th·ely large particle size, is deposited in an area which may cover 
thousands of square miles and cause lethal radiation over a wide 
area. This is in contrast to the so-called world-wide fallout when, 
follo\\·ing a nuclear detonation at high altirnde, radioactive debris 
of small particle size escapes into the trophosphere or stratosphere 
to he slowly filtered down m·er large areas of the globe. Due to 
diffusion and the time element allowing radioactive decay, the 
resulting contaminating situation is chronic in nature, imparting 
very low doses of radiation . 

. -\cute fallout may re~crnhle snow, powder or mist while it is 
falling. It seems likely that enough fallout to result in lethal ac­
cumulation would be \·isible; hut this is not certain. The distribu­
tion is fairly uniform and contaminates trees, houses and human 
beings with a thin. pm\'dery tenacious material \\'hich is highly 
radioactive. Human hcings at distances from the detonation will 
not he exposed to flash burn or immediate radiation. Hcm·eyer, 

1 Thi' work was supported bv the l'nitcd States .-\1omic Encr11:' Commission. 
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250 RADIOACTIVITY IN ~!AN 

fallout which may occur exposes human beings to the following 
hazards: (I) the gamma radiation is most penetrating, resulting 
in whole body exposure which may be sufficient to result in acute 
radiation syndromes; ('.:?) the deposit of fallout on the exposed 
skin may produce beta radiation burns; (3) the ingestion and. in-
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halation of the material may restilt in acn1111ulatio11 of radio­
nuclides internally. 

\\'e have learned lllllt h about fallout effects on human beings 
from our studies ol tl1e people of Rongelap .-\toll in the \Iarshall 
blands who "·en:· accidentallv exposed to an acute fallout situation 
in 195-t (see Figure l). The people were nacuated to another 
island '.2 days after the accident. Annual medical sun·eys of these 
people have been carried ciut. the last having just been compkted 
in \larch of l ~HiO (I-ff) .. \!though the dose \\·as sub lethal. these 
studies of the \Iarshallese olkr a background for describing radia-
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tion hazards and their effects. There were eighty-two men, women 
and children of all ages, sixty-four of whom were exposed to 175 r 
and eighteen to 70 r estimated "·hole body gamma exposure. In 
addition many people suffered beta burns of the skin "·ith cpilation 
and sho\\·ed measurable amounts of radioacti\'e materials internally 
deposited. The three potential hazards will no\\· be descrihed­
wi th references made to the effects 01i the '.\Iarshallese. 2 

FALLOUT HAZARDS 

Penetrating Gamma Radiation 

Acute Syndromes 

Of the potential hazards associated ,\·ith fallout. the most serious 
is that of exposure to g-amma radiation. Such exposure ma\' result 
in acme radiation syndromes and, if sun·ival occurs, in late effects 
of exposure. Larg-e doses of radiation (thousands of roentgens 
,gi\'en in a short period of time) are knmn1 to produce a neurologi­
cal syndrome characteri1ed hy disorientation. ataxia. connrlsions, 
\'omiting. diarrhea and death "·ithin hours. Hm1·ever. this wn­
drome is not likely to occur in a fallout situation since the dose 
accumulation (dose rate) 'nmld not he rapid enough; most likely 
the next syndrome to be described would predominate. 

Doses of I 000 r or more result in the gastrointestinal syndrome 
'rhich includes earlv persistent anorexia, nausea, vomiting, ab­
dominal cramps and diarrhea with dehydration. apathy and death 
in -! to :) clan. Death occurring before hemopoietic depression is a 
prominent feature. Ho"·cyer, with lm\·er doses in the lethal range 
('.?'.?:)to fi:)O r?) the classical hematological radiation syndrome oc­

curs and is ma rkcd primarily hv dcprc~sion of hcmopoi cs is ,\·it h 
the possible development of infcctiot1s processes from leukopl'nia 
awl immunological rleprcssion, hemorrhage and anemia from 
platelet depression and later anemia from crnhropoicLic depres­
sion. Gastrointe<;rinal ~vmptoms of 11amea. ,·omitin~ and diarrhea 

~There were al'<> rwent\'·Ci~ht .\met ica11 '<'f\ icc111<:11 "" Ro11g-erik :\toll who re­
cei\'cd :rn estimated ~O r :ind 011c h11nd1cd a11d hff\ .,c,c·n \la1'hallc·'r on l'tirik 
.\toll who rccciw·d 011h about 11 r. Jn addirion th<'H' wc1c l\\cntv-thrre Japanese 

fishermen on !he Lu1l-\ llra~on wlin were C'XJHN'd lo ;iJ,.1111 Iii<' '~me rlo'c :" the 
Rone-clap p<'nple !i) . 
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252 RADIOACTIVITY IN '.\IAN 

may occur early and again late in the syndrome but are not out­
standing features. \\'ith sublethal doses there may occur mild, 
early gastrointestinal symptoms and later slight or moderate 
hemopoietic depression. 

A.cute Effects on 7\larshallese. In the people of Rongelap re­
cei,·ing a high sublethal dose (17!'> r) there was widespread nausea, 
and a few people \'omited during the first day or so after exposure . 
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Figure :!. :\lean ncmrophil and total lc:ukocyte counts of exposed Rongelap 
people from exposure through fiye years after exposure. Stars represent mean 

values of comparison populations. 

H cmopoietic depression. though moderately severe, was not .~uffi­
cien t to result in clinical effects. Figure~ shows the changes in total 
leukocytes and neu troph i Is. Fol lowing depression to a bout half the 
me;in Jen.'! of the comparison population at ·10 to 45 <lays, there 
wa~ gr;iclu;i] ren>Ycry \\'ith the mean counts reaching comparison 
population le,·els by about one year. During the period of maxi­
mum neutrophil depression, an epidemic of infections of the 
upper part ol the respiratory tract occurred. The exposed people 
-;howcd no a(h·erse respm1se to this epidemic. and later their 
respotJS('\ to epidemics of measle~. chicken pox and other diseases 
did 1101 appear to he impaired. 

Fig11n· '.I shows the changes in the l\'mphocytes \\'hich \\'C"rc de-
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pressed early to half the h·,·el of the unexposed population and 
were \'ery slow in renH"ering. not completely reaching the le\'el of 
the comparison population until ahout fi\"e years after exposure. 
The platelets (sec Figure 4) became depressed to ahom '.W</c of the 
comparison population by four weeks after exposure with a slow 
rccm·ery pattern thereafter. Even after fi\"e years, the mean platelet 
le\"el \\·as still slightly below the comparison population level. No 
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Figure :l. \lean hmphocnc \alues for cxpo,cd Rongclap people from expo­
'un.- tlnough fi, e year' aftC'r expmurc. Stars represent mean Yalue<; of compari­

'>nn populations. 

bleeding· was as~ociatcd with lo\\· platelet Jc,·els. In ele\'en people 
counts dropped to a loll" ol thirty-fiH· thousand to sixty-fi\'C' thou­
sand. Ervthropoietic change~ were not remarkable. Since there 
\\·ere no clini( al ,i!!,m awwi;1tcd 11 itl1 l1crnatological depression. no 
specific trcarrnent "·as rcquirC'cl or gin·n. :\o illncs~es or deaths 
han.- ocu1rrecl that appeared to hl' related to radiation exposure. 
Had the dmc rccciYccl been higher, there 11·m!ld almost certainly 
haYc been complications ol inkct ions and hlt'cdi11µ; 1\·ith possible 
monalitv. During the first ~ix 11Tek~ o\er half of the exposed 
pt'ople lost a le11· Jl'lllll<b in 11-ci.ght e\cll t hot1gh their diet was 
satisfactorv during· thi-; pcriod. This po"ihlY rcllcch an effect of 
radiation exposure 011 general 111ctaholisn1. hut lactrn" .. associated 
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Figure ·!. :\Jean platelet Yalues for expo-,ed Rongelap people from exposure 
through fin: n•ars after expmure. Stars represent mean \ alues for comparison 

populations. 

with change in em·ironment cannot lw ruled out. Four babies ir­

radiated in 11/t'rn appeared normal at birth. 

Late Effects 

It has been le:nned. from animal studies and limited experience 
with human beings, that certain late effects of radiation may occur 
in those sun·i\'ing acute gamma radiation. Some of these are: 
shortening of life span (8. 0, 10, 1 I) : premature aging and carlv 
development of clegenerati\'e disease~ (!'.?. l:l): earlier appearance 
and po.,sihly increased incidence of cancer and leukemia (14, I :J. 
16): radiation cataracts (Ii); impairment of reprnducrion (18. 
I 91 : impairment of grml't Ii and dc\clopment ('.?0. '.?I '1 : ;111d ge11ct ic 
effects (22) . 

Late Effects in the i\larslwlle.'le. The only possible effects noted 
in the \larshallese ha\·e been: (l 'l the incidence of mi.,carriagcs 
and stillbirths appears to ha\e been sorne11·hat highn in thl' ex­
posed women than in the 1111exposed-hnt a deficicrn v of \'ital 
statistics and the small number of ,\·omen imohcd pH'< luck defi­
nite conclusions: (2) C\'idence ~u~~esti\'(~ of a slighl b~ in g-rnwth 
and de\'elopment in tilt' exposed < hildren cluriu~ rhc flrq n\·o 

\'eaVi after exposure is hl'ing- re-c\·aluatC'd on the ba'i' of hetrcr 
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age data which are being obtained. ~one of the other aforemen­
tioned late changes have been obser\'ed in the ;\farshallese. 

BETA BURNS 

Cutaneous irradiation from the less penetrating components of 
the fallout may result in beta burns ·and epilation of varying 
severity. This is due largely to the fallout in direct contact with the 
skin with a lesser contribution from the ground source. As the 
name implies, beta radiation accounts for most of the skin dose 
causing lesions since its energy is almost entirely absorbed in the 
skin as compared "·ith only a small percentage of the gamma 
energy. The gamma dose alone would have to be supralethal to 

figure :1. Spott\ epilatio11 in 1,0~. age 13. at 28 dan after expmurc. 7'\otc ~Lalp 
lniom in area u( epilation. 
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Figure 6. Hyperpigmentcd plaquc5 aml bulbc on dorsa of feet and toe' 28 
da~s after expornrr. Onr ksion 011 Jett foot 'hows deeper inn>ln'.ment. Feet 

were painful at this time. 

produce significant skin burns. The hazard of beta burns is not so 
serious as the whole hody gamma radiation hazard, hut resulting 
lesiom may be quite disabling and. if coupled with sen:re radiation 
IH:utrnpen ia, lesions may become had ly infected. possi hly en­
hancing the dewlnpment of septicemia. The proph y lat ic measures 
of a\"liidance of nmtact by taking shelter or hy prompt cleaming of 
the skin with water (not necessarily complete clecomamination) 
\\"<Hild practically eliminate tl1i~ ha1ard. 

Description of Le.~iun.s 

Beta burns are nor Yery different from X-ray or other penetrating 
radiation hurm exn:pt that they tend to be more superficial. 
Early symptoms of burning. itching and tingling "·ith pmsihle 
erYthema a fe\\· hours alter exposure may he accompanied by 
some edema and l>Linching in se\Trelv irra<liatcd skin. These 
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symptoms usually subside to be followed by a generally asympto­
matic latent period of days or "'eeks, depending- on the dose (the 
larger the dose the shorter the latent period). Then pigmentation 
and erythema may dnelop in the irradiated area with desquarna­
t ion and, in more severe burns, ulceration and pain of varying de-

Figure i. Sam!' ca,c: a' in Fig11rt' ti. '>ix month'i later. Foot le'iion' han· healed 
\\·ith rcpi!-,'llll'JH;ition ex< cpt dt'pi.~11H·11ted !>Gt rs pcr,i>t in :irca'i ,,-here: there 

\\'{'rt· clt"q){'r ]c.,ion~. 

gree. Patchy epilation may ahn occur at this time. Healing with re­
epitheliali1ation and repiginentat ion is likely except with deeper 
hums. in "·hich case non-pig111c11tation. atrophy and scarring may 
remain with possible de,clopmcnt of chronic r:idiation dermacitis 
and the risk of malignant < hatH~e. 
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Beta Burns in the Marshallese. In the Rongelap people white, 
powdery fallout material chmg tenaciously to their skin causing 
itching and burning with irritation of the eves and lachrymation 
during the first 24 to 48 hrs. It was over a week before complete 
decontamination was possible. It was impossible to calculate the 
skin dose ,\·ith any degree of accuracy .. .\bout 90C~ of the people 
developed spotty beta burns on exposed parts of their skin (not 
covered by clothing) with a large number (90';;:, of the children 
and 30% of the adults) developing patchy epilation (see Figure 
5) . These lesions appeared about I 2 to I 4 days after exposure. 
:'\o erythema was noted in the Rongelap people, possibly due to 
the darkness of their skins. Characteristically, lesions first appeared 
as dark pigmented macules, papules or patchy thickening of the 
skin followed by desquamation leaving depigmented areas. \'esic­
ulation was only seen on the dorsa of the feet (see Figure G) . \Jost 
of the burns were superficial and had completely re-epithelialized 
and repigmented in a fe,\. weeks. Hcm·ever, fourteen people had 
deeper bums 'd1ich took longer to heal with some scarring. atrophy 
and nrying degrees of pigment aberration remaining (see Figure 
i). Some of these changes still persist six years after exposure. 
Hm\·ever. no chronic radiation dermatitis or malignant changes 
have been noted. Regrowth of hair was noted beginning about 
three months after exposure and ,\·as complete and normal by six 
months after exposure. 

Internal Hazard 

Acute Exposure 

Exposure to an acute fallout field is not likely to result in suffi­
cient internal absorption of raclioacti\·c materials to produce an 
acute radiatinn syndrome. Indeed, an indi,·idual H·ould recein" a 
lethal dose of gamma radiation long hefore he could accumulate 
rnflicient radioacti-re material internally for the dose to be lethal. 
Therefore, the inrernal hazard is secondary to hoth whole body 
penetrating exposure and hcta radiation of the skin. The effect of 
chronic. lon.~-term exposure to imernal fallout is another story. 

The internal ah'iorption of fallout material occurs largely 
through ingestion ,\·ith relatively small amounts Yia inhalation 
~ince the particle size of fal1011t is not likelv to be small enough to 
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get into the ah·eoli. That which gets into the bronchial tree is 
brought up by ciliary action and swallowed. Therefore, from an 
acute point of view, the gastrointestinal tract and the thyroid 
gland probably receive the largest dose of radiation of any organ 
system. As with irradiation of the skin, the principal hazard from 
internally absorbed fission products comes primarily from beta 
irradiation. The short-lived radionuclides, such as p 3i-rn;', Sr"", 
lla140 and La140

, are important during the early period. Iodine is 
probably the most important isotope in the early period since it is 
selectively absorbed by the thyroid gland. 

Initial Internal Absorption in the Marshallese. In the Marshallese 
who lived for 2 days under heavily contaminated conditions, urine 
analyses showed accumulation of isotopes to near maximum per­
missible levels for lifetime exposure (6, 23) in a few cases. Radio­
iodinc produced an estimated 100 to 150 reps to the thyroid glands 
of the Rongelap people-hut with no apparent effect. Damage to 
the g-astrointestinal tract by pa~sage through it of 3 me. of fission 
product acti\'ity is not believed to have added materially to the 
symptomatology. The remarkable thing in the ~farshallese was 
that. in spite of their hca,·y exposure to fallout without serious at­
tempts at avoidance, urine analyses shm,·cd rapid d"·indling of 
activity so that by one or two years raclionuclides, including long­
lived ones such as Sr90 and Cs137

, were hardly detectable (see Figure 
IO) . This leads one to the conclusion that an acute exposure to 
fallout "·hich is not lethal will probably not result in acute effects 
or long-term effects from internally deposited isotopes. Even so, 
simple precautions ~uch as reasonable care in eating co,·ered or 
canned foods or drinking protected water at such a time "·ould 
g-reatly decrease the internal accumulation of isotopes. 

Chronic Exposure Effects of Residual Contamination of the En· 
t:iro11me11f 011 the Jlarshallese. Exposure to residual en,·ironrnental 
contamination ". h ich may persist long af tcr fa] Jou t occurs is ex­
emplified by the situation at Rongelap hlawl. Ih I ~J:"ii complete 
sur\"eYs of the island \howcd \uch low leYcls of persisting contami­
nation that the island was considered quite safe for habitation. and 
at that time the people were returned to Rong-clap \"illage which 
had heen reconstructed for them. (Persistent background gamma 
radiation as of \farch I 9.10 aYcragecl about 0.01 mr per hour 

, '1 -j· \ r"J 
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which represents a dose of about 0.35 r per year.) The influence 
of this light contamination on the people's body burdens of radio­
nuclides has been measured by radiochemical urine analyses and 
the Yery sensiti\·e whole body gamma spectrographic techniques 
using a steel room to lower the background radiation leYel. Before 
their return to the island in 19:"1i. gamma spectrography carried 

Figure 8 .. 'itc.:d room ll\nl for wliok body gamma spectro~copy. 

out at ,·\rgmrne :'\at iona I La liorat ory on four Rongelap people (24) 

sh(J\\·ecl the presence of Cs'" a11cl Zn'"'. the latter due to the earing 
of fish \\hich selecti\cly concentrate this isotope. 

As a re~ult of this study a ~tee! room "·ith ·1 in. thick walls. 
wei~hing· ~l T .. "·as comtructccl at Brookha\Tn \:ational Labora­
tory and transported to the \larshall Jslands for me in subsequent 
s1irYeys carrying· out "·hole hod\ gamma spenrmcopy (see Figure 
8). The increase in body burden of these io;otopcs after the alore­
mentionC'cl people had hcen liYiug back on Rongclap one awl one­
half Years can he seen in Figure~~- Cs"·' Yaiucs increased m·cr one 

5012!32 
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hundredfold. However, it· appears from spectrographic analysis 
in 1959 that equilibrium of body level with environmental con­
tamination for the two gamma emitting isotopes has been attained. 
The le\•els of 0.57 µ<:. Cs137 and 0.44 p.c Zn65 present in I 959 n~pre­
sent only a small percentage of the maximum permissible dose 
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Fi~ure ~J. (;annna ray 'fJCctrograph of Rongdap man in :'\larch of 19.'">7 and 
:'\Linh of I !J:>!~ lidore and after his return to Rongdap. 

(see Figure I 0). Sr''" excretion rates increased hy a factor of about 
l\\"enty during the first year after the return of the RonRclap peo­
ple. Aualysis of hone samples of an exposed man who died after liv­
ing on Rongelap about eight months shcrn·ed '.L7 p.p.c Sr'"',-Gm. Ca. 
Further slight increase ocn1rred during the following year as evi­
denced hy urinary excretion increase of from mean \·al11es of 3.2 
p.p.c/l. to 5.7 p.p.c/l. (Based on an estimated body burden of 
.002 µ<" Sr"0 after a return of one year. the following year's \·alue 
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ESTIMATED BODY BURDEN ISOTOPES -RONGELAP PEOPLE 
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Fi,gure JO. F.~timated hody lrnrckn-. of Rong-cl:ip people since exposure to Lill­
out, based on racliochemical urinl' ;111aJy.,es and gamma spe< trographic anah­

ses. 

would he about .OO~G µ,c) .. \nalyses for Sr"" units !Sr'"' Ca 1 for the 
1050 urine samples arc not complete. 

The changes in isotope leYels of marine. plant and animal lite 
as related to the boch hurdem of the \larshallese is being im csti­
gatecl. Coconut crabs. comidered a great delicacy bv the people. 
ha,·e been found to selnti\ ely concentrate Sr''0 up to kn, ls of about 
fin· thousand units and< on,umption ha~ thcrdorc had to he pro­
hibitecl. Coconut and pandanm slH1\\· ,]ight Cs and Sr actiYitY but 
are cnnsi<lered ~afe to cat. '\o untm\·ard effects ha\'e been ob-.cTYed 
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in the Rongelap people as .a result of living on their lightly con­
taminated island. 

SU~l~IARY 

Exposure to an acute fallout field results in three potential types 
of radiation hazards to man: penetrating "·hole body gamma radia­
tion; superficial beta irradiation of the skin, mainly from contact 
with fallout material on the exposed skin and to a lesser extent from 
material on the ground; and internal absorption of radioactive 
materials largely through ingestion and to a lesser extent from 
inhalation. All these types of exposure occurred in the people 
of Rongelap Island in the Pacific as a result of accidental fallout on 
their atoll in 1954 follmring experimental detonation of a nuclear 
device. 

The most serious hazard associated with acme fallout comes 
from penetrating gamma exposure which may result in acute 
radiation svndromes. In the \Iarshallese people. the gamma dose 
was sublethal but sufficient to result in (1) early nausea and 
\·omiting and (2) moderate depression of blood elements. There 
were no clinical effects noted from the hemopoietic depression. 
There ,\·as questionable effect on (a) metabolism as suggested 
by temporary weight loss; (h) gnm·th and deYelopment in children 
as suggested by slight lag in height and weight gain during the 
first two years (being re-evaluated on the basis of better data); 
(c) normal termination of pregnancy as represented by increased 
incidence of miscarriages and stillbirths in exposed women. :'\o 
other late effects han'. been noted. 

lleta burns may be moderately incapacitating hut the hazard 
is not con~ickrecl as ~erious as whole hody gamma exposure. Simple 
prophylactic measures will greatly reduce this hazard. The 
\Iarshallese de\·eloped extensin· beta burns, most of which were 
~uperficial and healed rapidly. In some cases, there were deeper 
hurns \\·ith per~istinµ; changes (scarring, atrophy and pigment 
aberrations) but "·ith 110 eYidence of chronic radiation dermatitis 
or malignant change as yet. 

The hazard from internal absorption is the least serious of the 
three. and it is not like Iv that sufficient material could be imernally 
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absorbed to produce an acute radiation syndrome before an acute 
lethal gamma dose had been received. Ingestion of radioactive 
materials exposes the gastrointestinal tract and the thyroid gland 
to the largest radiation doses o( any organ systems. Radioiodine 
probably is the most important radioelement present early in 
fallout in view of its selecti\'e concentration in the thyroid gland. 
The :\Jarshallese people recei\'ed near maximum pennissible 
le,·els of some isotopes early. but there was rapid excretion so that 
hy one or two years barely detectable amounts remained. 

The return oE the Rongelap people to their slightly contaminated 
island in 1957 has caused a measurable increase in body burdens of 
radionudides. Cs1

"' and Zn"' increased by factors up to one hun­
dredfold hut, eyen so, present levels represent only a fraction oE 
the maximum permissible le\'els and equilibrium appears to have 
been attained. Sr'"' excretion increased twentyfold during the first 
year after the return of the Rongelap people, with a slight further 
increase noted the following year . .'.\Jarine, plant and animal 
studies are part of the radiative ecological aspects of these studies. 
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