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.\ unique opportunitY for the stud\ of the internal radiJtwn hazard associ­
ated ,,·1th the contammation of an inhabited land ma'' h local fallout \\JS 

afforded when several of the J\Lmhall Islands \\·ere acc1dcntallv contaminated 
to 'aIYing degrees as a comegucnce of the fallout-producmg nuclc:ir detonation 
of \larch 1. 19)4 (Cronkite: ct al. 19)6:. The area contammated was thousands 
of ~quarc mile'i bcrnnd the range of the thcrm:il and bLi>t effect'.>. l\\O hun­
dred thirtv-mnc J\lar:,hallese persom \\CIC expo'>ed to Jc, eh of gamma nd1ation. 
rangmg from 17 5 r on Rongelap to 1-t r on Utirik. Further, the inhabitants of 
Rongcbp and UtiriK were also 'ubjccted to an acute inhalation and inge>t1on 
exposure during the 48-hour penod that elapsed prior to e,·acuation. Their 
initial body burdens of internal emitters were estimated from analysis of their 
urine and also from data obtained on animals simultaneously exposed. These 
data indicate that the acute hazard from the internal emitters was \'ery small 
a:- compared to the concomitant external dose. ~1edical surveys have been made 
yearly since the accident in order to follow up the recovery progres~ of the ex­
posed people (Bond ct al, 19;;; Cronkite ct al, 19;;; Conard et al, 1956. 19)7, 
19;9). 

\\'ithin a month of the accident, island~ of the folla.-ing atolls •'Crc sur­
,·eycd: Rongclap, Rongeril., Bikar. Lil.:icp and Utiril. ~umcrous bod animal\, 
birds and marine specimens, and samples of plants. soi1 and •'lter were c:ol1ectm 
for analysis. of the content and distnl>ution of radioactive naat.crial (Cdtn et II. 
19 5; ) . At the same time. a gamma dose rate s:t.nvey WIS made O\'t.'r 9C\'tntl 
typical land areas to prO\·idc data on the degree of the ~crnaJ mdiatioo lward. 

·,-.~· .\'.~,;~;: , 

• It is not posuble to acbo.·kdge indrriduany the may pcnoos wlie ...,., btea t!IOci*"' 
11-ith collcctmg and •maln:ing the dm ovr:r the fivM~.u pct:iod of the st!Mfw, It a ~ ...,. 
to mention the group lc:Klen and the labontoria ••ith which tbcy ITC ~: Atollric; ~ 
Commmion, Di,·ision of Biol~· and ~lcdici~. ~f- PunntDJ; New Ycd Opcm10llS ~ 
J. H. Harln·; .'.rgonnc ~ational Laboraton·-C. E. ~tiller; B~ S:ttt<iml bbont«Y­
\'. P. Bond 'and E. P. Cronkite; Los Alamoi Scicnti6c Labontorv-P. Hanis; U.S. Na-'11 Wio­
logical Dclrn~c Labora1or\'; Unive~ih· of \\"a~lungton, Labor.ati>ry ol bdiahon lhoJoc>-E. E. 
Held; and \\'alt<:r Rcro Arnn· lnst1tulc of Roarch-K. T. Woodnrcl. 
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Reduction of the Hazard in the Food Chain 

was similar to cow milk in that the CaKNa resin remm·ed less than that re­
mO\·ed from milk which had strontmm added to it. In fact only 3 5 per cent 
of the strontium was rcmm·ed, less than c.ould be rc~cµ;1~G-.>m cow milk. This 
would indicate that the binding capacity m g ~ 1s greater than m cow 
milk. A low calcium resm was efkctiYe 1 \·ing the strontium from goat 
milk. A resin mixture ( 1Ca:2K:l"'"\ oYed .Ql..3 per cent of the strontmm. 

~\ c_\\)~ 't.'I ;'{ 
~, .... ~o ~ N~o- sv~t~ r;,"".u\> 

\~...,~\> .... ~~~Lt:s•.~~s!Q\0 1>--'\\0~ 
The e~Y.:menb d~~ta il))~is\}i\p1r indl)~~~ strt,11\\~.\~\~nd _)f~um 

could be remon:d from n;J~~.GH1crut alt~ ~e fla~~?tl'!'e-cati~-tw1Tfpos1-
tion of the milk. r;\0'.: -<:"N\t~ N\· \ ~ fli.• 

The ~in_iplcs~'ft~t~11ep~~ ~~ o! .~~i:P:\~atm~ia ~~ equilibrated resin. 
e:g .. CaK:\a. Th1~r~iii tould,.. ~Ti'.'gCncr~µ·o~t~ equ1hbratmg solutwn. ~n 
th1> ca,c ('.~\S¢~.;cr c~ cQilld be r~"'\.~ m one treatment and about / 0 
per ccnR~ t\; o \~~~\s. Ritf$TI~ to a pair of mixed resins would remove 
S; to 9(1 per ~ ot tlY \~~1m. The mned resins are more efficient because 
1,omc of the ... in~r'l:S"f ~ Dound and is not a\·ailJ blc for exchange onto an equili­
brated re'iit.o\'e 

It appear<. that strontium and cesium rcmoYal from milk is possible. \lore 
\\'Ork must be done before the proces> can be placed on a commercial basis. 
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Contamination from Local Fallout 

In order to ascertain the degree of radiation hazard associated with residual 
contamination, surYC\'S of the fallout contaminated areas ha\'e been conducted 
O\·er a )-\·ear period. 

The most comprehensive studies were made at J and 2 years following the 
accident 1 Rinehart et al. l 9 5 5: \\' eiss ct al, 19 56). Data were obtained on the 
residual act1\1t\· in soil and on the uptake and retention of fallout material b\' 
plants and land and marine animah. These data form the basis for an estimate 
of the radiation hazard associated with both an acute and chronic exposure to 
local fallout. It is perhaps the onh· long-term studv of a community expmed 
to a significant local fallout, and thus is of considerable \alue. Further. since 
the Rongclap people wer( mm·cd from their original habitat and then returned 
after a period of 3 years. the re!Jtionship between bod\ burden and changing 
bch of environmental contamination can be studied. Unfortunateh-. subse­
quent \\-Capon tests in the Pacific Prm·ing Grounds during the past 5 \'Cars ha,·e 
to a degree interfered with the assessment of the relation<-hip bd\\"ccn cnnron­
mental contamination and rate of equilibration of \'arious of the fosion prod­
ucts m the hod\. insofar as the' ha\e contributed small but detectable accretions 
to the contamm~1tion m tlus area. Tbe prnecdurcs for sample collection. prepara­
tion and radiochemical anah->is haYe been described (Rinehart et al. 19:; 5: 
\\-eiss et al. 19)6; and Shipman et al, JC)))\_ 

TI1c most intncsting new technical dc\clopmcnt in the field of fission 
product anah-si' m hum an hem~' has been the application of the technique 
of whole-hod' camma spcctrm.cop: .. In l 9)7 1t was determined h\· I\liller that 
direct \diolc-hody gamma counting of the '\hrshallese was feaoiblc .. \ group of 
se,·en '\larc,liallcsc wa.; brought to .\rgonnc >:ational Laboraton and counted 
in their \\holc-hodY counter~In 19;8-and 1959. a "portable" 120 ton) whole­
bodv counter. designed and built at Brookhaven National Laboratory. ·was taken 
out to the \1arshall Islands for use in the annual medical survev. Several hun­
dred '\larshallese people were counted (Conard and Robertsor{, 1958; Cohn, 
l CJ 59). The technique of whole-body spectrometry has been described by 
\liller (1959). 

REsuLTS AND D1scuss10N 

The radiation hazard to human beings resulting from habitation in an area 
subjected to radioactive contamination resides in the fate of the radioadh·e 
material deposited thereon_ Radioacti ... e material !>ettling down on the c;irth's 
surface is transported through the soil, air and water to plants. and thence to 
animals and finally to man. The )C\·els of radioacthity in each of these t'Om* · 

ponents of the ecological chain from soil to man were measured and are .re-. 
ported below. ::.,:·i · ·· 

External D0st1 

The levels of radioactive contamination which fen on the Mawll Islands .... · 
were reflected by the doses that were recei\'ed over approximatel~· -JS hours 
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Cohn, Robertson, Conard 

(figure 1 ) . Geicn, an umnhabited northern island. rccc1\'ed the highest dose. 
2.000 r; Rongclap I from which it was ncn:s'>ary to e\·acuatc the inhabitants) 
recc!I ed an intermediate do'e of 17:; r: and Utirik bland to the cast rc:crn·ed 
14 r in the first :: days. The dose rak on the Rongclap Atoll, as measured 

120-------t-----® ~-~--~--B-IK_A_R_AT_o_L__,Jf-~-:_,1r_~~~ 
I .. 

10 

I 
~~~~~,.~~ RONGERIK 

RONGELAP ATOLL 

UTIRIK ATOLL iY 
TAKA ATOLL\J UTIRIK 

ISLAND ATOLL I 
0 100 150 200 
' 

I STATUTE MILES ! I 
166° 168° 170° 
I 10°~~~~~~----~~~~~~~~~-+~~~~~~~~~---+-~~10° 

f1Gt'R£ l. J,odo<.c line\ of e>hmated pattern of radioacti,·e fallout. Pacific Prming 
Crr·imd,_ \larch l. 1c1;4 Tile nllmher' on the man renrc,cnt tllt' clo,c< that 11·ouk !lJ\C 

·r>ecn rcCtl\cd oHr appro,,;m3kh 4" hour, 111thont 1rnddrn£ Tlit doit. ahmt "hich 
\UT\ t\ ai J> nnhh h j, blJ(J r. and beio" 11 luc h >un 1\ al 1\ probable 1s :ou r 'irom 

Crunkac et ..ii. ]e<;(l 

initially and 0\ er a :;.year period. is presented in tab1e 1. The 'alues of dose 
rate at I year \'aricc' from 0.:; mr /hr on Rongelap bland to 3.0 mr/hr on 
Kabclle Island. These Yalues represent aYerages. as the le\"elS of acti\'ity were 
not uniform on each island. The rapid fall in gamma acti,·ih· OYer the: first 2-vcar 
period reflects the high percentage of short-liYcd radioisotopes which contribute 

TABLE l. An:rage gamma do~e rates on .\larshall Islands following nuclear detonation 
of \larch l.1954 (from Held, JIH8J 

Jan. 19;; ................................ . 
Oct. 1955 -----------···------
July 19;6 ................. - ............ . 
Jul~· 1957 .................................. . 
\larch 1958 ........................ . 
Aug. 1958 ............................. .. 
\larch 1959 .. . ..... . 

5 0 I 2 ·1 8 2 

Gamma exPosure levels Rongclap Atoll 
I mr/hr at 3 ft abo\-e ground) 

Rongdap Island Eniactok Island Kabdlc hland 
0.5 2.0 J.O 
0.2 
0.4 
0.07 
0.029 
0.058 
o.o;; 
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Contamination from Local Fallout 

the actint\ at early time interYals. The principal isotopes present at the early 
interYals arc Sr'-!', Sr!1o_y!10. Zrll:•-Nb!J: .. Ru1ut•-Rh1u~. Te121.129, pa1.1a~.1aa.13j, 

c 51a•-Ba1a•, BaHO_LaHo, cc1H_pr1H. PrH•, and ~p:!3B_ 

Soil 

The fallout material appeared initially to be associated with relatiwly large 
particulate matter and to be distributed unifom1ly O\·er the soil. The residual 
actiYit\· on the islands was initially contained primarily in the top frn· inches 

of soil. 
Radioanah·sis of soil profiles at l ,·car indicated that' little translocation of 

the act.r11h had occurred. Cs1:1•. Ce1H-Pr1H. and Ru 10H-Rh 10(; constituted the 
largest portion of fixed contamination in the soil at this time. 

:\ctmt1 m the bguon bottom silt at l 1e;:ir appe;:ired to be distributed rather 
uniformh· to a depth of 6 or 7 inches. Four samples of silt from the northeast 
corner of the Rongcbp :\toll lagoon had lc\·els of beta acti1it1 ranging from 
'J1nr1 tr; 1:.or1(i d m.·g. The s;:imples \1ere collected at 11;:iter depth' of 4tJ to 
l 20 ft. The aeti1 itY m lagoon bottom silt is of mterest. smce it provides a reser­
voir of activih a1·ailable for future mcorporation into marine food specimens. 

:\t : 1 cars following the contam!l1ating e1 ent. mmt of the actl\·ity was still 
iirmh iJ,,_d tf, tlil sud:1cc la1 er r 0 to l ll1ch 1 of soil. Loss of actmt1 from the 
surface ]d1 er in the pcnod I to : years was large!\- the result of radioacti1e decay 
rather than the result of lcachrng or erosion. :\t 2 1·ear:.. the rare earth:" Ru 10\ 
Sr'"'. and Cs 1:17 comtitutcd ~4. JO, :; and J per cent of the acti1·it\ re'>pccb1·el~· 

on Rongelap hland. 
The Sr1w concentration in the surface soil of the island at 2 years is shown in 

table :. The level of SrD0 /Ca in the soil of Rongclap was 3.4 X l 03 µ.µ.c Sr90/g 
of exchangeable calcium. The level of a soil sample from Gcjcn (the northern­
most i>land) was exceptionally high. 6.2 X lo:, µ.µC Sr!t0/g exchangeable cal­
cium. These concentrations correspond roughly to the external gamma dose 
rates measured on the islands. 

The cxtractability of Sr90 (i.e., the ability of plants to extract Sr!H• from 
soil) depends on the soil type. the solubility of the Sr!•" compounds. water 
depth, pll of soil, moisture and organic matter (Blume and Smith. I 9 ;4 I. In 
addition to the Sr!"• extractability from the soil, the amount of exchangeable 
calcium in the soil is also a very important factor. The ability of plants to take 
up Sr1"' is inversely related to the amount of exchangeable calcium in the soil 
1Fuller and Flocker, 1955). For example, planh grown in acid soils low in 
calcium take up the largest amounts of Sr90, while plants in alkaline calc:arcous 
soil take up the least. In the la'>t column of the table (table 2), the ratios of 
Sr!l0/exchangcablc calcium arc tabulated. \\'hile the calcium content of the 
\·arious mil types analyzed ranges from 2 3 to 3 5 per cent, the exchangeable 
calcium in the soil represents only a small fraction of the total calcium. 
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TARI.F. 2. Strontium~· cnmTntration in snrfocc "111' nf l\l:mhall f,f.111.J,. !\larch ]'l<;(1 (from \\'{'i5s ct al, 1956) 
,-,,----.-------------------------

s"" "Fxclia11gcai>lc .. < ali-i11111 'r 
Island Soil type ( d/111/g '11111 ( 111g/g \Oi)) µµc Sr00/g calcium 
-----------
Ccjcn ................................ large calcarcom particle> 1,S86 :+- 20 I 4 6. 2 >< I O" :•: 6 -3 X I O' 
Fniactok _ small s;1nd like particb 400 :': 11 0') 19 x 10'' :':: 5.4 x 10' 
Sifo _. ----·-· _ ·------------- ---·- _. -----··--· small sand-like partidc-s 25 ±: ' 08 U X 10' ±: 1.7 X IO" 
Rongclap _ loamy 2H ±: 4 12_7 8.4 x 10' ± 150 
Eni"etok . small sand like particle> 62 + 2 4(i 6.1 x 10' ± 180 
lJtirik small san<l likc particb 3 :+: I <; 1.9 h(ill ±:BO 

Likiep .. loamy 11 + 2 IU 430 ± 60 
-------- - ~-- ----- -- ·---------------- ---- -·-----

.... 



Contamination from Local Fall out 

Plants 

The uptake of the fission products from soil by plants is the next step in the 
chain by which these radioisotopes reach man. It was found that, dunng the 
first 6 weeks, onh· a ven· small amount of the fission products is a\'ailablc to 
plants growing on contaminated soil. The fallout material appeared initially 
to be associated with particulate matter and to be unifonnly distributed on 
earth, grass and food plants. Levels of beta acti\'ity of the order of l ,,.c per 
plant and fissile material ( 1 X 10-· 4 /Lg ·i were present on the external surfaces 
of plants at one month (Rinehart et al. 19 5 5 1. Onh- very low le\'els of beta 
acti\·itY and no alpha acti\·ity were detected in the edible portions of the plant~. 
Tt1e one exception was the presence of high le' eb of beta activity in the sap 
of the coconut tree ( 1 µC 1liter). 111e isotopic composition of this tree sap was 
\'CTY similar to thJt of thc gronnd water. suggcqmg uptake of these fi,qon 
pruducts b~· the root system. The prcdom111ant fission product found m the 
tree sap at this time was Sr8r.. prcsumJb],· as 3 function of ib abundance a:•d 
reLit11ch- high solubilit-. 

:\t the tnne cf th( ] .•.-cJr rcsun cy of the island. cxtcnsn e mcorpC!ratlcm of 
r:id1onuclides into plants. had occurred. The gro'' beta acti,·ih· m plants on 
Rongclap bland at : \ears after the detonation is shown in table ~- The lC\:::1 

o• mtcrn:il contJn.:rn'.:ior. 111 the pbnt' corrc;.pc~nd' roughh to the k\L' <! 
act1,·it\ in the >011 Jnd the gamma do;:c rate en the islands I lo\\'cn:r. \\1dc 
'ar:atl(l!l' uccur m the le\ els of beta acti\Jt\ m the pl::mts on am one i~Lrnd. 

The a1a1bbilih of thc fission products to the piant is undoubtcdh- a ftmctinn 
of the age of the plant. the stage of de,·clopment of the fruit. the type and 
depth of sml and the phvsical-chcmical properties and distribution of the fallout 
material. Since the fallout from the I\1arch 1, 19 54 detonation consisted of 
fission products associated with large particles of CaO, Ca(OH J:i, CaC03 and 
::\aCl particles, it was \·ery soluble in the soil and could readily be absorbed 
through the root system of the plant. :l'\loreo\'er, it could be absorbed directly 
through the leaves. 

The plant portulaca was found to ha,·e by far the highest Ic,·cJ of acti,ity 
of any of the plants analyzed. Leafy structures of planb were, in general, more 
radioacti' c than their fruit. The lea,·es of the plants contained primanly the 
rare earth clements together with small amounh of Ru'°' and Sr". B)· con• .. 
I table 4 ), the primary fission product in coconuts, papay.a fruit and arrowroot.' ..,, 
tuber was Cslll7 • Very sman amounts of acth·ity were contn'botcd to the>e p1aats·;'~ 
by the rare earths, Ru1°' or Sr". TI>e concentrating erpaa"ty of roc:onub ., 
Cs117 was e~pccially marked when compared to the low le\•cls of Cs'" in die'~ 
soil, particularly in the area of the root system of the plant. The high esm 
concentration may reflect foliar absorption and/or a potassium dcfidcncy in t'he 
plants with the substitution of cesium for potassium. The Srt<> conccnhation 
was unifom1ly low in the edible portions of the above samples of plants. 
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T.~111 r '· Cro,s hcla atli,il\' i11 pl.1111\, .\p1il 1'l'i6 (1"•111 \\'ei,1 ct al. J'l)(,) 

C.Fi 

<::::· l1l:111d 

Ccjrn l'.111\\l fok IO:lli:1t·l"k Ro11g('Lip Silo lJtink l.ikicp 
Plant 

!'art 
(1/111/kg X JU')"" 

~--~ ~-~~ --- -·---- ·- -----l'ort11bca . 
''!wk plant 87.4 l '). 2 ' o; !Ui l"l Ui 0::1 Arrowroot . 
'tl-1111. leaves I I .0 4 ; (I '2 (I 2:; ll ~I ll.01 

o· 
t11hcr1 nz 0. :;7 0 (,I} I l r;:; (lllS il.H () ()j 
air root Uli ll.17 I or; I) >2 (l ')(j () ()q il.ll2 

l'andanns ka\'(;I 2.64 1.02 5.2!i IHK () l 5 () 2 l 01n gret'll kn·s U7 11. '7 () 711 I) 2 2 0111 0.ll'l ()I)) ripe keys oq ll.17 (I 07 0.02 "' ~ 
ripe 

I) 12 Ill I 

1-. .J 

Papaya 
grt'l'll 

()::: 'i 0.09 <UH lca,·es, trunk 
() ()') O. lr, 0.06 

milk 2.87 0 'i4 0.(1 j lJ.12 () 57 Ripe coconut llll'<lt 1.90 ll. ;r, l l)/ () 24 () 17 O.OK U O(i shl'll 4.9.'\ (I iS 0.72 U.H 0.2S IJ.06 1!°02 hnsk un ().(,) 1'7 I.' I 0.77 U.21 0.09 rj;_ 
t: 

whole 3. I 
r 

milk () 2') () 11 0.05 o.n 0 ()'; 
I 

' 

Green coro1111t meat u·n (} ::::; ()us 007 0.02 
iff~ 

shell 
0 SO () 17 Oll'-1 OO'l 

I 
hmk ll . .f«.; () 12 () 11 0.11 I) 02 shell. husk 0 II 

. 
- ------·- ----- -

----- -· -~--------

-~·~ 

":\II co1111ts were cnrrcdcd for the rnllntini; dfi('ic111·\· of S1'"' Y'" 

~~ ... "Cross beta acti,·itv of pla11t sa111pln was determined i11 .\p11I l'):;r, ;1ml tli:1t of 'oil and water i11 !\lay 19'i6. 
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Cohn, Robertson, Conard 

Sr90 ./Ca ratios were highest i OYer 1,000 µ.µ.c Sr90 g of calcium) in portulaca, 
coconut meat and milk and pandanus (\\' eiss et al, 19 56). Portulaca had a par­
hculark high Sr90 /Ca ratio. ranging from 6,000 to 2 5,SOO µ.µ.c Sr~0 ;g of cal­
cium. A\·eragc SrH0 /CJ ratio;, in common foods collected at 3 and 4 years 
are discus:,cd later in comidcnng the dietary estimate of bod\" burdens in the 
exposed l\1arshallesc. 

Water 

Ocean and lagoon water samples were collected initially off Se\ eral islands 
in addit10n to the samples collected from cisterns and wells on the islands. \\.ater 
from the ci<>tems and a well on Rongelap had high le\·els of activity ( 1 µ.c/litcr) 
at )0 clan. The predominant radionuclide present m the water at this time 
was SrBri_ Ci<.tcrn \\"ater contained \-affing le\·els of contamination. depending 
on the onginal contamination. n.:iturc of watershed areas. etc. TI1e ocean water 
samp!l:'.> cont.iincd \er~· small :Hnounts of beta act1nt~. presumabh dem·ed from 
act11·it:: 1Yashed off the islando. The radiochemical composition of ground water. 

T~BL! i .. \1cr3g:: rt'.ati\·e compos:t10n of nuclidcs m plants. soii and \1atcr. \larch 19)6 
(from \\"eiss et al, 1956 J 

Relatn·e compos1t1on (per cent I 
·------

Source 
:'\o. of Total 

samples rare 
Plant Part averaged Csm earths Sr"" Ru"'" 

Plants 
Portulaca whole 1 48.9 39.Z 11.8 

Papa1·.1 fruit 1 19.8 17.8 i -·················. -.> 

husk 3 98.2 1.1 0.7 
meat 2 98.9 0.0) 1.0 

Coconut. ..... , ...................... shell 2 99.5 0.4 0.1 
milk 1 99.6 0.2 0.2 
leaves 2 8.3 86.5 0.4 5 .I 

kevs 2 92.6 Z.Z ; . 5 
Panda nus leaves 2 -77 -I-./ 13.3 5.1 8.9 

air root :: SS.9 l 0.3 0.8 

Arrow root tuber 75.4 16.8 1.0 6.8 
leaves 11.7 83.9 3.0 1.4 

Soil 
Depth, 0 1 in. 2 0.34 83.8 5.6 10.0 

\\"ater 
Cistern-··- 2 64.4 35.6 
Well .... ....................... ············· 2 100 0 
Lagoon ·····································•··· 2 94.5 5.5 
Ocean 2 100 0 
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lagoon bottom silt and lagoon water was similar to that of the soil at 1 vear 
(Rinehart et al, 19 5 5). 

At 2 years the gross activity in water samples was of a ,·ery low level. The 
obsen·able activity was (as determined at 1 year) due primarily to the rare earth 
elements (table 4). 

Fish and Marine Specimens 

The level of radioacti,·in· found in the tissue> of fish and marine im-erte­
brates collected at 2 years, while only 3 per cent of that found in fish collected 
at 1 month (3 µ.c/kg) was ne,·ertheless readih detectable l\\"eis; et al, 1956j. 
Considerable \ariation existed in the concentration of acti,·ity per weight a> a 
function of the geographic locaticin of the fish and marine specimcm. In the 
Rongclap Atoll. for example. fish and 111\ ertcbratcs caught in the northern part 
of the bgoon ~1t l \Ur contJincd. on the aYcugc. ; to -l time' the cllllCl'l!lt of 
internally deposited fission products as was found in similar specimens from 
the southern part of the lagoon. This findm; i' comi'>tcnt \\·ith the fact that 
the no~tiicrn bg·1on ,,-;:i, t'X))O,cd to higher c·ori:cntr:iticm cf fallout mJterial. 
( :\,·erage external gamma readings of the northern and southern Rongclap 
bland; at the time of sample collection were 5.8 and 0.7 mr/hr. respcctiYely.) 
Thi> difference m concentration of r;:idioacti\·1t\· in foh from the north and 
'ciuth l3goom \\"J> ll(lt :wtcd at : \'CJr~. :\pparenti' the acti\1ty \13) completely 
diffused throu~lwut the lagoon b,· this tllrn.:. \n11lc there \\·as considcr:ible 
\Joiation in the concentration of act11 it\' of indnidual foli from .,ome aica). no 
correlation could be found between the le\ eb oi radiu:ictintY and the LJting 
habits of the fish ( camirnrous, herbirnrous, and omnivorous). 

Snails conccntrnted radionuclides to a much greater extent per unit body 
weight than did the fish in the corresponding localities. This concentrating 
ability may be due to the fact that snails feed on the lagoon bottom where 
higher concentrations of nuclides are found. Crabs and clams also >howed high 
fission product concentration at I year (Rinehart et al, 19 5 5). Approximately 
40 per cent of the activity of fish collected at one year in the Rongelap and 
Rongerik lagoons was fixed in the skeleton. :'.\ 1uscle and viscera contained ap· 
proximately l 5 and 20 per cent. respeetiYely, of the total internal acti\'ity. The 
remainder of the actiYity was found on the 'kin and the gills. At 2 years the 
skeleton contained 50 per cent of the beta acti\·ity, the viscera 33 per cent. and 
the muscle ] 4 per cent. The distribution \\'JS ,-ery similar to that found after 
l year. ZnG~, a "neutron-induced" acti,ity, accounts for the high gamma-to-beta 
ratio obsen·ed at 1 and 2 years. Zinc was fairly evenly distributed throughout the 
tissues, contributing about 90 per cent of the acti,·ity in the skeleton and muscle 
(\Veiss et al, 19 56). The lc\'cl of Sr90 \\'as unifom1ly low in the marine speci­
mens. Sr90 constituted less than 1 per cent of the total. and was found chidly 
in the skeleton. The muscle of fish caught in the Rongclap lagoon in 1955 had 
a\-erage \'alucs of 200-300 p.p.C Sr90/g of calcium (\Veiss ct al. 1956). 
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The presence of Coi;o in the soft tissue of clams was noted for the first time 
m the 2-\Tar rcsune\' ('Veiss and Shipman, 19571. The Couo accounted for 
the ma1or fraction of the total acti\ it\' m the clams. The Yery marked ability of 
clams t,l concentrate Co110 selecti\'ch· was Ycrificd in laboraton experiments 
(Gong ct al. l95ii. 

Land Animals 

I ntcrnal radioacti\·e contamination of animals from Rongclap was dcter­
mmccl b\· radiochemical anah·scs of the fo>ucs of domestic animals (pigs and 
ch1ckcm .i sacnficcd at nrio~1s times following contammahon (Cohn ct al, 
l q:;:; 1. The internal contammation resulted from both inhalation and ingestion 
of contarnmatcd food. with the Litter being the more important route of entr\'. 
The bod\ burden of fission products \\a' roughh· proportio11al to the gamma 
dmc rate u:1 each i;land. The mternally dcpm1ted acti\·itY in the pigs- Ji11ng on 
Rongehp for l month after the detonation was tenfold higher than that of the 
hurnJn hcinr' \I no were e\acuatcd \\1thm -f) hour:-. The difference thu' reflects 
the prrlon~cd q.i, c1f the arnmdl:' Ill the contarnmJtcd area. 

Onh a <.mall percentage of the fos1on products initially present m the cn-
1·ironmcnt 1\a' readily absorbed from the lungs and G. I. tract and retained in 
the bod\· 0f land animab. Thi' G.l. tract acti\ itY "as contributed chicA•, h\· 
l'otn;x-' (lf ,li,irt racl](llogica1 and biol(lg1cal haif-lifc and lnnircd >olub1lit\". and 
thu' the lei cl' of actinh· m the t1,'>t1c;, nf thl hod\· \\CTt quite ]m,._ :\t ) months. 
LJc111chcrn1(:a] anah;,e' of t1;s11n from RongcLip pig' mcl1catcc1 that Sr'''. Ba 14 CJ 

and the rJrc earth group comtitutcd -:-; per cent of the totJl internal beta ac-

T ... BLr :: . Rad1ochem1cal anahsis of fosuc<. and urine of Rongelap pig' exposed to fallout 
from the \larch 1. 1954 nuclear dctonat1on' drom Cohn ct al. 1955'! 

Skeleton 1 total) 

Lum~s (alveolar) . 
Stornach 
Small intestine. 
Large intestine .... 
Li1·er. 
Kidne\·. 
Rerna;ning carcass 

Thnoid do<.e 
Total external gamma dose .. 
Internal beta actis-itv 

Beta acbvitl d Im /total sample X 1 O-' 

Gross 
actis·itY Sr'" Ba' .. Rare earths 

&.745 5.1&0 59; 8'i0 
( 100';) ( 62";.) (6.8':';.) (9.7"';,) 

1.3 0.24 0.22 0. ;j 
1.6 0.26 0.62 O.f\O ., -
-·) 0.73 0.69 0.69 

14 5.0 2.8 4.0 
29 0.47 0.2-7 'i.9 

3.2 0.18 0.30 l!.61 
455 

l (JO~~ 50 n:p (estimated from ea riv analysis of urine) 
,,or 
4 µc 

' \ ·aluc; arc the an'.ragc of hrn young adult pigs \\·hi ch were analyzed 3 months 
after detonation. 
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ti11t1 1 table S \. The largest portion ! 99 per cent) of the intcmalh- deposited 
actinh· wa> fixed in the skeleton. 

Tlic biological loc1lization of residual acti\·ih· \\"ithrn >kclctal tissue is shown 
in an autor.1d1ograph of the femur of J pig that \I a> cxpo>cd to the initial fallout 
for <l pcrl(Jcl of )() dan followmg detonation (figure 2 i. It \\·ill be noted that 
there j, a dense concentration of fission product> in the cp1ph\·scal region of 
the bone. For comparison. the autoradiograph of a tibia CJi a roo,tcr collected 
a~ 2 \ e,m follmYing detonation is shc)\\TJ rn figure 3. Herc 1' >ccn a conccntrJted 
dcpm1tion of aeti1·ih· in the d1apll\ sis and a lighter deposition in the region of 
grm\ th at the ends of the bone. indicating that the prim Jn dcpmihon occurred 
<.oon ;iftcr de::torntion. while the amm;1] \Ya> \ oung ;md gro\1·ing. :ind that subsc· 
ciucnt bone grO\dh incorporated much smJllcr amounts of raclwactl\'C' material. 

FicuRE 2. Autoradiogr3ph of femur of Ron;ebp pig; ~acrificed 38 days after detonation 
(from Cohn. 1956). 
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';.\ . 

f1Gl'RE 3. :\utoradiograph of tibia of Rongelap rooster, March 1956 (from Cohn, 19;5). 

Ro11gelap People 

The bock burdens of internal emitters in the Marshallese were estimated 
from the daia obtained b\' radiochemical anah-sis of the tis~uc~ of the above­
mcntioncd pigs which we;e ~imultancousl~· ex?osed, and from a comparison of 

• urinalysis data from animals and from human beings (Cohn ct al, 19;)). The 
· animal data are indicati\'c of the qualitati\·c nature of the inhalation exposure 

to the people, even though they quantitath·ely reflect the gr<.:atcr ingestion by 
the animah of contaminated food during their prolongccl stay on the island. 
"The total amount of radioacth'e material in the G.I. tract of the Rongelap 
people at I day after exposure was cstimatccl to be 3 me. 

The mean body burden of the J\lar.hallese at 1 day following the 1954 
fallout was estimated to be Sr&0, 1.6 p.C'. Bau0, 2.7 µe; Jm, 6.4 p.C and the rare 
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earth group together. 1.2 µc. The contribution of this amount of internal con­
tammat10n is small as compared to the 17 5 r external gamma that the :l\lar­

shallese people recei\·ed. 
In the first few months following exposure, Sr89 and 11 31 (plus the shorter­

lin J iodine isotopes 1 contributed the greatest internal radiat10n dme. l n the 
acute expo;urc. p:i: and the shorter Jinx! Jl 3~. p 3 :< and !1 3 ~· contributed the 
highest indindual tissue dose. 100-1 50 rep to the th~·roid. Sr89 contributed the 
major portion of the beta dose to the skeleton at this earl~· time. 

Estimation of the Internal Radiation 1,lazard 

The potential radiation effects produced by specific qu:mtities of imernally 
deposited radicmotopes can be predicted from the clinicalh· ob~en ed effects of 
known ;imount> of intemalh· deposited radmm. These effects do not appear. of 
course, until a penod of years has elapsed. and obsen·at1ons made at early times 
follcl\\'ing expmurc \·icld no sig-mficrnt d;itJ concerning the clam:igc Tnm. as 
a:1t1c1pJtcc~. th~- pcn~)lc ;:ind anirnJ!~ on H.ongc1~p L iJnd \'.bCJ rc~cn cct J11 1ntcr­
mcd1ate fallout cio'c exhibited onh trJm1tory changes, in blood-ccli le1cis OYer 
the )-\·car pcnod of obsen·at10n since their exposure, but no other pathological 
change< that cnulcl he ascribed to radiation. 

Jn turn, ui d1;onic C\po>m:.: \(I i;1krn;:;] ra.d1Jtifln. Sr'.1
" j, c]cJri\ tli:.: critical 

element. Part1cubr effort wa'> therefore made to determine it< ic,·eh in soil, 
pLmt' and man himself. and aho the mtcr-;cL1tioml11p of tl1e~c- lncL. Jn the 
'1tu:it1on '"here pc()ple arc cxpo~cd to addition::il follout from contmncd weapon 
te;ting, the sustained high Incl of the shorter-Ji,-cd Sr8u ma~· rc~ult rn a hazard 
of the same order of magnitude. Thus Sr89 has been a significant fission product 
up to the cessation of testing in 19 58. 

Of the gamma-emitting fission products, Cs137 is of the greatest interest, 
eYen though of minor significance as an internal radiation hazard. Like Sr90, 

Cs137 has a gaseous precursor with a half-life sufficiently long to avoid early 
condensation in the fireball. Cs137 thus follows Sr90 into the stratosphere. Since 
the fosion yields and the half-lives of the two radioelements are nearly equal, 
thev are present in the fallout in like quantities. \\ "hile the\· behaw differentlv 
in the ecological cycle, based on their differing ehcmicnl properties. Cs13 7 ne,·c;­
theless provides a useful tracer for studying the rnoH:ment of Sr!l<:' through the 
biosphere, since its gamma-emitting properties make it readilv detectable. 

There is also some interest in the neutron-induced rndioe.lcment Zn6\ even 
though it, too, docs not appear in levels which are hazardous to human beings. 
The interest centers chiefly around the fact that it is definitely transmitted 
through marine life, and thus pro\·idcs a clear example of the tra~smission of a 
radioclement through the food chain to man. 

Other fission products also appear in small amounts in the food chain and 
thus appear ultimately in man, but tl1eir levels are so small that little effort 
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has been made m the past to detect them or to trace their rno,·ernent. Thus 
onh the abmc three fo .. 10n products of greatest interest will be considered here. 

1 he bod\ burden oi fiss10n products can be determined in three ways. 111e 

method of choice 1s the direct in Yim measurement using \\hole-body spec­
tromctr\. The hm1tatwm of this method arc th~1t fc,,. whole-bod\' counters are . . 

in existence. and their absolute calibration 1s quite difficult. :\lore importanth·. 
tlm method is. of course. restricted to anah·s1s of gamma-emitting isotopes. 
smce. to date. a whole-bod,· beta counter has not been deYcloped . 

. -\ second mctl1ocl for calculatmg bod,· burden. particularly for counting beta 
rn11ttcrs such as Sr!i". is the estimation of the mtcmal deposition from data 
obtained b\· rnd1ochemical anah'sis of the urine. . . 

Finalh. it is pos:iibk to make a complctch· mdirect estimate of the human 
bod' burden oi radioisotopes b, what ma' be called the em ironmcntal ap­
pw:icl1 Jn thi' method. the estimate of the hod1 burclrn is based on the nin­
~entrabons of the fiss10n products present in thl; emironment, chicfh the soil 
and the impor!Jnt component' of the diet. In order to make this e;,t1matc. data 
:1n1't k ohL11md 011 the tr;m,fcr of the ti -ion prociucto bct,1ec11 'llCCC''l\C 

c1LlllL'llb of tliL ccu]c,gical cham kacim£: from 'oil to bone. For example., al­
though 'trontmm and calcium arc d1en11calh similar and thm appear together 
i11 the ,-,mmh components of thl ccolog1cal chain. calcHm1 is taken up prcfcr-
1 :1'.:.1l1· Ii:- piJnt· ,1:1C: ,11rnr:: 1., 'r< tlut it I· ncCC\',,m tu dctcrnmc the cl1'CTJllli-

11,itH111 r.ictor rur caci1 'tcp. \\'hen thc'c factor- ~ire kll<J\1·n. 1t i_, po:,;1blc: to 
c'tlmJtc the clcN· t(I tlic "cntical orga;1" m n1an tr(llll tlic comcntrJtwn of the 
1,otopc m am qcp of the chJm. 

Em:ironmental Estimate of Body Burden 

The ell\'ironmental c:,t1mate of intcrnalh· deposited Sr90 can be made in the 
follcm ing 11·m .. -\ num bu of rats were collected on Rongclap at 2 'cars follo1,·­
mg the I 9 :;4 accident. 'Ilic:· had subsi,tccl on a diet consisting primarily of 
planb. Thc'c animah were subjected to c;irdul radiochemic1l anah-'>is. ao, it was 
thought that thn· might o,cnc as indicators of the internal radiation hazard that 
\\oulcl result to human being<. if thc1 inh:1hitcd the same area dming this time. 
and suhsi<.tcd on cs'>cnt1ally !lie o,amc diet. The Sr!"• !Ca ratios for ,·arious tis~ucs 
of tl1c<.c r~1t<. \\ere llle<Nired dircct]y and the<.c \Jlucs ll'Crc compared tu the 
Sr!'" .'Ca ratio<. nf the food an cl soil on Rongclap collected at the same time. 
'll1m a compari>on could he made bct\\·ccn the enYironmcntal approach and 
the direct measurement. Extr;:ipobtion of the em·ironrncntal data will gi1 e the 
equilibrium ,·alue. "hcreas the direct measmcmcnt gi,·c tl1c 'aluc at the time 
nf mca,mcment. In this m;inner. the per cent of equilibrium of Sr!•o intcrn;:illy 
dcpo'>itcd in the rat can be clctcnnincd. It cm be seen from the clat.1 that the 
Sr!"'/Ca ratim for different foods on Rongclap \ariecl greatly. Further, the diet 
of the rats on Rongclap was too uncertain to assume an "a,-crage'' diet, so that 
it \\'J'> ncce<.\af\' for this estimate to me the Sr~0/Ca rnlues of the soil itself. 
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The "Strontium-Calcium Obser\'ed Rat10" 1 OR) of Comar ct al ( 19 56) 
was rncd to denote the preferential utihzat10n of calcium in the following 
mannc. 

Sr. Ca of sample 
ORsumplf:l-pr('('Ur~or == Sr 

CJ of precursor 

The Sr1'0 discrimmation ratio in the cham from soil \ s) to bone lb) \'ia 
plants ( p .\ can be expressed as follm\'S · 

OR,.O!IMOil = (ORI'_,) (()Rh l'' = ( O.~) ( 0.2)) = Cl.1 s 
The \aluc OR,, 1, = 0.2) is an approximate ,·aluc obtained cxpcnmcntalh on 
rats fed a stock laboraton· diet ! Comar ct al. 1 q )6 ; . Tlii<, discnmin:.1t1011 factor 
o! -f for calcium :Jf'.Jlllst strontium from diet to bone in man ha, been reported 
h' Schulcrt ct al r ]Q)Qa \ and Bn-;mt ct :il ! ]9:;s · .. -\more ap1xnprutc 1alue 
tu~ the rah 111 th1:, situation might be tlic OR.,01..,.<lh·l =Cl.](, uht;1mcd by a 
stud\ of "·ilcl K:mgaroo rats li\'mg in the '\.'c1·ad3 desert i.\lexander ct al. l0:;6i. 

Tlic hoci\ burckn I' the. · 

i Sr~'" Ca j,i OR1,_, i 'OR,, 1. 1 

1'i.4 >~ io:i110.-::-;10.!Ci1 =92-lµ.µ.cSr""/gCa 

TI1c ·.:1lt:c· tbm nhtarncd I' Jj)]Hn\1m;itcl· h11cl the \·;iluc of 4-11 tn :;.i:; ""c 
Sr"". 2 of calcium ohtarncd h\· dm:ct rJ<Jl()ci1r.:m1c:1l anJh ,j, o'. the ti'>UL" of 
r::it> Jinng on the i'LmJ dunng the =-\ c;ir ncnod foll(rn mg cktonatwn. Thi' 
dirtcrcncc in thL 111d1rcct cm1ronmcnt<i] c.t111JJtc of the bod\ burden of :-,, .... Ca 
a' compJrcd with the clncct anJh'i' rna' reflect urlicr errors m the d1.,cr1mma­
tion ratios or a lack of equilibrium bd\\"Cen the Sr1"' /Ci in the animah with 
the soil at 2 years. Since 1-:; rat> of the sJmc <11 eragc age analyzed at -l \Car> had 
1·alucs close to tho'c of rats collected at 2 years. at +B ::!: 181 µ.µ.e Sr!•o g of 
calcium I Held. 19SS 1. it mmt be as<;11mcd th;;t the discrimination ratio~ are 
not ,ufficicnth accurate for this est1mat1011. 

It is obnom that apph-ing the same technique of estimating the Sr!"' body 
burdens of the :\Lmhallc'c people is abo difficult because of the uncertainty of 
their diet and the discontinuous nature of their habitation on Rongebp hland. 

Dunning I 19 )-:' \ has estimated the future Sr!"' body hurdcm in the :\lar­
'hallese from the Sr~"/Ca in Jn ";i,cragc" food supply \\·hich \\·as about 360 µµc 

Sr!"•/g of calcium in 19 )6. This figure \\ ould be reduced to a clail~- intake of 
about 100 µ.µ.C Sr"" /g of calcium if consumption of land crabs which ha,·e a 
high Sr!''' content were eliminated. 

These estimates of a1·erage dietary intake arc ,·cry approximate since the diet 
is not well known. A more cxtcnsi,·e stud,- made in 1958 Yielded SrM 'Ca Je,·eb 
of 6-;'. 5 µ.µc Sr~0 /g of calcium somn' h~t lower than those of Dunning's in 
19 )6 (table 6). 111is study was ba,cd on ;m anal~·sis of the a\ cragc diets of 
14 males on Rongclap (Held, 19 58) and a radiochemical stud\' carried out by 
Harley ( 1959). It was assumed thnt half of the daily calcium (0.S g) was fro~ 
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T11111 F (,_ F>timatc of \t1011t111111'"' 111 diet of IZn11g('l:ip ad11lt, 1958 
-----·--- -- --------------

J\lcat from 1113tme roco1111t 
J\ !cat frpm drinking coco1111t 
l\lilk from green coconuts . 
l';111dam1s edible portion 
Arroll'mot 
Breadfruit 
Fish 
Clams .. 
Crabs, land 

I 111 ported Food 
Rice 
Canned "C" rations 
Flonr 
Tea 
]\Jilk 
Salt and rngar 

- -----------

A 

));1ily 
i11takc" 

( g) b 

8lJ ..,. 
/) 

ll(j 
/<) 

5S 
45 

IN 
45 
14 

660 

H c 
I l:iily 

Calt i11111 c;tlc i111n 
contc11t i11!:1ke in 

(111g Ca/g) nu~ ( :\ X B) 

0.075 6.7 
0.14 I 0. 5 
0 IS 17.4 
0.1 c; 11.9 
2.10 121.8 
0.60 no 
on PU 
4.00 I fill 0 
4.00 5(1.0 

44() 

• Ba~cd in part on average daily diet of 14 Rongclap 111:1k' (llclrl. 1958) 
•\\'et weight 
• Based on total calcium intake of 0.8 g/dav 

---~-

n 1': 
h:1di<111 
of tol:d Sr'"' 
c.1ki11111 ContC'llt 
i11takC' 0 (µµc/g Ca) 

0.00'\ 1.200 
0.01 'l, 210 
0.022 1,000 
(JOI 'J 9'2.() 
0.152 19 
O.O'l. I 260 
0.02' 200 
0.22'i 5 
0.070 (4,000) 

0.56 

F 
( :011t 1ili11tio11 
to tot;il daily 
s.~· i11take 

(DX E) (11µ.c/g Ca) 

9.6 
2.7 

220 
14 () 
2.9 
8.8 
6.4 
I.I 

( 20\J.O) 
---
67.5 
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indigenous foods and half from imported foods. Using the above-mentioned 
discrimination factor of 4, the equilibrium body burden for the Rongelap people 
on 6-:. 5 µµ_C/g of calcium daily intake (excluding land crabs in the diet) would 
be approx1mateh- 17 µµc/g of calcium. This is about 68 per cent of the equi­
librium ,·alue estimated b\· Dunning ( 19 ;-; .I and 7-t per cent of that estimated 
from urinah-sis data in 19 58 (\Voodward ct al, 19 59). Another effort was made 
in the 1959 :\kdical SurYey to gather samples of meals to be assayed for their 
Srfl(1;Ca content. HoweYer, since the :\larshallese were found to subsist to a 
large extent on foods not indigenous to the area, such as "C" rations. nee and 
tea, it is e\ en more difficult now to extrapolate from SrD0/Ca ratios in food to 
bod' burden. 

it is ob,·ious that further data on the transport of low Je,·els of Sr90 and 
other fission products through the ecological cvclc in this and other communities 
arc rcgmrcd to assess the internal radiation hazard to human being' li\mg in 
a fallout-contaminated area. 

Estimate of Body Burden by \l'hole-Body Counting and Grinalysis 

:\lore reliable estimates of the :\Iarshallese body burdens were obtained by 
wholc-bod1 gamma spectrometry and b1 radiochemical urinalysis. The urinary 
ncreti0n lc\·els of Sr'."' fur ~ 1·ears follmnng expo-me to fallout arc shmrn m 
iigure -t. 1 he + and 'i-1ear urmary Sr~u lneb were much higher followmg the 
return of the :\larshallcv to Rongcbp. The cxcretiori r:itc mJy be expressed 
a, the sum oi two exponential functiom. 1l1c rna1or fraction of Sr9(i is excreted 
mt h a half-life of 40 da\-S, and a smaller fraction is excreted with a half-life of 
:;oo days. These excretion rates correspond to those reported by Cowan et al 
i 19 52 i in a case of accidental inhalation of Sr1"', and were used in extrapolating 
bad to the I-day Sr89 body burden of the ~1arshallese (Cohn et al, 19 5 5). 

The c,13• urinan· excretion le,eJs of the :\farshalle1,e for the G months im­
mediate]~· fo!lm,·ing exposure can be expressed as a single exponential function 
"·ith a hnlf-life of JI 0 days (figure 5). This biological half-life for Cs I :i; is in 
good agreement with the 'aluc of l 40 da~·s obtained by Anderson et al ( 19 :;7) 
111 n clinic;i] tracer study. 

111c Rongelap body burden in J 9 55, per cent of equilibrium and the equi­
librium nluc has been estimated from these excretion data (table 7) (\\'ood­
,,·ard ct :iL l 9 59). These rnlnes are subject to some uncertainties since it was 
ncccssJry to use a number of generalizing assumptions to derive them. It is 
possible to check these values using different approaches. For example, the 
estimated burden of Sr90 in March 19 58 equals 2 11,,c/g of calcium and :ippears 
to be of the right order of magnitude when compared with data provided by 
bone biopsies. Two bone biopsies of 1·ertebra and scapula on a Rongclap male 
performed at this time indicated a lel·el of about 3.8 1111c/g of calcium. Using 
the normalization factor from vertebra to a\·erage skeleton (Schulert et a], 
19 59b), an average skeletal Yalue of 2 µµc/g is obtained. 11rns, the mean body 
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burden of SrP0 for exposed Rongelap people in 19 58 was estimated to be ap­
proximately 2 m 11c or about 9 per cent of the calculated equilibrium value 
of 2; mµc. 

The bod\' burden at equilibrium for Cs13; was estimated to be I. 3 µC 

(\\-ood\,-ard ct al, 19)9) (table 71. or about one-half of the ICRP :\IPC for 
11011-indmtrial populat1om. This Yaluc, hm\-C\-Cr. is too high. smcc the 19 :;q 
Cs 13; bod\ burdens appeared to haw alread~ leYcled off. Prelimmarv analYSis 
of the 19 59 wholc:-body countmg data indicates that the Cs1;;; b·cl;, had 
dropped slighth· (0_:;; µCl as compared "-ith the l95S \·alucs 1Cohn. 19:;9). 
Hm\C\er, It lS possible that the Cs13; rntakc is kss than estimated. since much 
of the Rongelap food is 1mportc:d and of lo\\'Cr Cs1 :i; content. 
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F1cuRE 4. Strontium'° excretion in urine of exposed Rongclap people (from \\'ood­
ward et al. 19 59). 
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fJC\'RF Cc,1u111"c l';crct1nn in mine oi npn,ed Ron['elap people (fwrn \\-oocl­
\\arcl ct al. l9~c, 

Z1F' \\·a-, fir-.t clctccted by \Iillcr I 1G5~i in 195- in the ,e,·en \larshallese 
examined hY "·hole-bod' 'pectrometry. although it had been obsen-ed in high 
cnnccntratiom in falt ;:i, eJrh a> l yeJr follo\\'ing the deton::ition I Rinehart, 
19;; I. Bod\ burden> of Zn';:, in 19 )~. ;J<, measured directly. <l\'Cf:lged -H mpc 
for Rongebp nihabitanh ( figme 6), and 3 50 m1,c in two Utirik inhabitants. 

T.~BU: -; . E'timation of hoch- hmclcn of RongclJp population by mi nary excretion levels, 
l9)S !data from \\-ooclwarcl ct al, ]G)9) 

Sr"° (mµ.c) 0;'" ( mµc) Zn'"' ( mµc) 
--------- -----

---- ______________ _I:_"_p~~ -~'P~~c_<l ___ C::ontro~:po<icd Control 

[\(l(h burden 
[qn-ilihratcd hody 

2· 900 1,200 280 540 

burden 23 1,300 1,600 330 
Per c-cnt cquilibrinm 9 69 75 85 
Daih· mtake .01 )b 2 (?) 2-1 

--------------- -------
' 3.'7 Strontium Units (SU I determined b,- bone biopsy. 
1
• 1:; SU a'>uming daih· cakinm intake= l g. 
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ESTIMATED BODY BURDEN ISOTOPES - RONGELAP PEOPLE 

. .-. .- . 
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· .. -~--- 1.2 

19 57 

l
. I CS·l~7 .088 

I Sr-90 (•; 

\I CS·l~7 .00?(.011) 
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11 Sr- 90 .0001 

l . 
f II• C e - I 4 4 ( 1 i 
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195Bllz·-'~· O..?sl.36: 

Lt s, _ 9" .2 ~c 

0.5 

REDWING 

0.9(.68i 

1.0 

µc 

RETURN TO RONGELAP 

1.5 

F1cuRE 6. Estimated bod,· burden of isotopes in Rongelap people; 19;4-1958 
(from \\"oodward et al. 19;9). 

2.0 

I\Iiller ( 19 ;7) detemiined an effeetiYe half-life of 110 days for tl1e e1imination 
of ZnG" which gives a biological half-life of 200 days. 

The mean bodv burden of ZnG5 , estimated from the 1958 whole-body count­
ing data, following the return of the Rongclap people to their island, was 8 
times the 19 ;; whole-body measurement. The estimated intake of znr,:, of 2 to 
4 mpc/day ( \ Vooclwarcl et al, 19 59) \\'a' deri\'t:<l from tht fish in the did. 
Zn65 leYels in Rongcbp fish muscle were 0.1 mpc/g in 1956 (\Veiss ct al, 1956). 
The directly measured mean body burden of znn:; for Rongclap people in :t-.farch 
19 58 ( 0. 36 µc) is about 60 per cent of the c'timated equilibrium value of 0.6 11c. 

The estimates of body burden of Sr90 , Cs137 and Zn65 (19;4-1958), derived 
both indirectly by urinalysis and directly by whole-body gamm;i counting. are 
presented in figure 6. The values in the parentheses are those obtained by whole­
body gamma spectrometry, while the other ya]ues were obtained by extrapolation 
from urinalysis data. The body burden for Cs137 of 11 m 11c (direct measure­
ment) in 19 57 indicates that the Rongelap people were exposed to a continu-
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ing low b·el of Cs137 from stratospheric fallout during 19 56 while they were 
living on Majuro. Bv contrast. the Cs137 mean body burden of the Utirik people 
1who were returned to their atoll in 19 54) was 340 m.uc. 30 times higher than 
that of the Rongelap people residmg on t-.1ajuro (\\.oodward et al, 1959). This 
higher burden can be attributed to the higher lc,·c] of C<. 137 contammatiou in 
the cmironment of the Utirik people during this period of time. 

The le\ cl of Cs137 in the body has fluctuated O\er the vcars smce the original 
contaminating en:·nt. Unlike Sr~r', ''hi ch is firm]>· fixed in the skeletal tissue, 
Cs 1:17 has a relati\'eh short biological half-life and thus readily reflects the en­
' ironmental lei' cl. The <.lightly increased lcn:l of Cs 137 during the 19 56 and 
19 'i S periods of weapon testing was· thus rapidly reflected in an increased bod,· 
burden in the \larshallcse. A \·cry marked increase in Cs137 was also obser•cd 
m the Rongelap people after they returned to their original island in l 9 57. 
The C> 137 b·cl in the Rongcbp people in 19 )8 was about 0.6S.uc. about 60 
umeo, greater than the 19 57 lcnl, while the urinary Cs137 level rose 140 times. 

The mean Zn 1•;; hod\' burden of the \farshallese. according to preliminary 
anain1' of the l 9)C,i whole-bod\ counting data. is O.+t uC. S per cent higher 
than ti1c 19'iS ,·aluc 1Cohn. 1959.1. lliesc data \\Ould aho appear to indi­
cate that znc: deposition in ttic Rongelap people has not as yet reached equi­
librium. 

Sc:-.1MARY A:SD Co:-;cLL·s1o"s 

Smc:c tlic nuclear fallout-producing detonation of 19 ;4, in which a large 
lane mass in the \Lmhall blands and an isolated group of people were acci­
dental!; contaminated, studies ban; been in progress to detcrmme the mo\'e­
ment of fosion products in the em·ironment and in man himself. 

\\'hile a large number of fission products are produced by a nuclear de­
tonation, the majority have short half-lives, of the order of minutes or davs. 
Still fewer gain entn.' into human tissues, as a result of the protectil'e filteri~g 
mechanisms in the inhalation and ingestion systems of man. At early times 
following the contaminating accident. Srs~, Ba140, J131 and the shorter-lived 
iodme i'otopes and some of the rare earth elements contribute the major por­
tion of the internal dose. After a period of l year, the Sr9° contributes the 
greatest dose I to the skeletal tissue) and is the most critical fission product 
hm1 the point of l'iew of internal hazard. Cs 1:l7 and znr;~ ha,·e al)O been de­
tected in tissues. These are present in small amounts, but are of interest be­
cause they yield information on the mo\'emcnt of the fission products from the 
emironment to man. The dose from the internally deposited emitters was 
small compared to the concomitant external dose. Other than transitory changes 
in blood-cell le\·els, no pathological effects ha,·e as yet appeared as a result of 
this radiation. 

Considerable data ha,·e been collected on the amount and kind of fasion 
products in the soil, in various plants and numerous land animals and marine 
specimens. Radiochemical assays of specimens collected in yearly suf\·eys ha\·e 
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,·icldcd data on the transmission of fission products between suecessi,·e members 
of the ccolugical chain. 

Bodi burdens of gamma-emitting fission products 1 such as Cs 13 ; and Zn"~' 1, 

mchurcd h1 me of ;; "hole-bod\" counter, haH: correlated rather clo;.ch· 1\·ith 
thmc c:-.t1111ated bY radiochemical analysis of urine ,pccimcm. Estimate' of the 
boch· burden m<11 abo be made from the Sr1101Ca ratio in the dictarY intake. 
The c'timatcs of bud1 burden deri,·cd from Sr~'' g of calcium rat10s m the 
vii] throu~l1 unom steps of the ecological cham to man \an wiclch· clue to 
inherent ditnculhe' m determining meanmgful OR Yalucs from soil to pLmts. 

']he '-tnch of the fission product'> in the \ iar'>hallc:-c people ha> been com­
~·atul in 'c' era! \\·;n ;.. The\· \\CTC qu1ckh c1 acuatcd from their I'>Lrnd ;iftcr 
the accident ;md d1cl not return to then homes until ; \Cm later. In the mtcnm 
; 'CJT' 'll1Cl :he a:c:cknt. adcht1011cil \\capun' tc't' ha1c ]wen licld \\hl(h l;a 1 c 
mcrea'>cd some\\ hat the amount!> of the fiss10n products m the ennronment. 
hn;1]h. their cl1ct ncm include' 2 Yarich of imported foods. 'U tLJ: the\ 3~C 

111.t !1·. rn::: 111 ,, ""c ir"cu·· cm ncinmcnt. and therefore m.I\· rn•t be· r.ipicl> .1;'­
pro.1ci1rnc: ClJrnlilmuiIJ 1\1tli the iJ,,1011 procluct<. m it. 

\ \ 'hilc th(. data collected in this ;,tudy of a P;:icific hland commurnh gn e 
an indic1tion rf the mtcrn;:i] radiation hazard rc;,ultm['. from acute and chrome 
t_ \.pchur:.. t(' ;r,,_._:; fJ1\,ut. qtL1nt2t:1t~l·c difference>· rn1;ht 1)l' C\p\.~':lc1 111 J1f.i..:-(.nt 

,1\uatto11'. !·or C"\,m1pk. th<. phnic.il and chcm1cil propcrt1c' of th<. Lil; 1u~ 

11utui.il. a, "di ;. mctcor(lb:;1cal cr:nclition' ;me pr"pcrti<.·;, C>f the ]i10,p:,cr~. 

·1111 111fluuJCc 't~11n~i1 the upt;:il..c ancl rckntwn r•f fa,1ou procluc'.' m m,n1 '>;l 
the soil-pi:mt-Jnim,d c·.-clc. and thu' will clctcrmmc the mternal raclution LJi~nd 
to man. !·or th1' rcaso11. considcrabh more rc<.carch 1s required on the tran;port 
of lm1 lei ch of fission product:, 1 c<.pccialh Sr'''' ' m food ch am, m1cl b1ogco­
chcmical C\Clc' to determine the fatt of rad101sotopcs in an cnnronment. and 
th us to predict the potential mtcrnal rad1;:itl(Jll hazard to human bcmgs lJ\ mg 
in fallout-cont;1minated areas. 
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