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Since 1965, the distribution of 55Fe in the biosphere has

been studied both in the United States and in the Scandina?ian

" countries. Inltlally, 55Fe concentrations were determined in
_Alaskan Esklmos, resrdents of Richland, Washington, and in
';representatlve foodstuffs of both (1). Subsequently, 55Fe

-concentratlons in env1ronmental samples and in residents of

Flnland (2) and Sweden (3) were reported whrch generally confirmed

the findings of the earlier study. Additional research shows

ithaﬁ (i) marine organisms and people whose diet is largely sea-

" . food contain the highest concentrations of ssfe (4); (ii)

residents of the northern hemisphere have higher 55Fe body.
burdens than those of the southern hemispherev(s); and (iii) the
Fe levels in people reached peak concentrations in 1966 and .
continue to decrease (6,7).
.‘We determined the 55Fe.body burdens of natives at Rongelap
Atoll in the Marshall Islands. Not only is their diet high in

seafoods (8), but the atoll received high-level fallout following

. the detonation of a thermonuclear device at Bikini Atoll in

-

1954 (9). We considered it probabie that retention of 5?Fe at the
atoll from that event, coupled with world-wide fallout from large-
scale nuclear device testing in 1961-62 could lead to unusual
body burdens of this radionuclide fn the Rongelapese.

The method of separatlon of 55Fe was identical to that

previously described in this journal (1). The counting technique



’ . o

. was changed slig. 1ly; a gas filled (Xe) prc ortional counter

operating in anticoincidence with an umbrella of nine Geiger-

- Muller tubes was used to detect the 5.9-kev x-ray emitted in

the electron capture,decay.of 55Fe. ﬁulses from the proportional

countexr were recorded in a 512-channel multichannel analyzer.

The detection systeﬁ was surrounded by four inches of lead

shielding and the resultant background counting rate under the

55 1

Fe photopeak was 1.7 counts min~". Disintegration rates of

. 55 ‘ 5

Fe in the samples were determined by comparisonx«zith'5 Fe
electrodeposited from a standard solution obtained from the
National Bureau of Stanaagds. Corréction was made for the self-
absQrption of the X-rays in theveléctrodeposited iron. Stagle
iron was determined colorimetricaliy; using o—pﬁenanthralein as
the color-forming agent (10). |

,Bbdy buidens were estimated by first measurihg the.SSFe in
a known vélume of blood (4—26 ml) . ?otal blood Voiume was
estimated using body weight and é&erage blood Qolumes of 82 ml

blood per kg body weight for males and 74 ml blood per kg body

“weight for females. The iron content of blood was assumed to be

65 pef cent of the total body iron. This-méthod of calculating
total blood volume is that used by Pers;on (11) in his estimate
of 55Fe body burdens in Lapps of Northerh Sweden. Previous
éstimateg of body burdens grom composite blood specimens (1,5)
were made assuming that the average total blood volumes of 5

liters and that 60 per cent of the total iron is in the blood.



, Ubany LS NEeLNoC witn the Rongelap data, th~ average ““Fe body

. burdens ééreed within 15 per cent of those calculaued using body
"weigbts. . | |

Table 1 gives the average body burdensﬁof 55Fe in a selected
"gioup of Ronge}apese sampied in March, 1970, and.Figure 1 shows-
| a frequency distribution.ef the body bufdens of males and females;
Iron-55 levels in the blood samples were‘sufficiently bigh to
»permiﬁ count rate measurements to + 5 per cent at the 95 per cent
_(26) confidence level. Not all donors were weighed in 1970,
therefore body weights from preVLous years were used to compute
total blood volunmes. Howe?er, weights from previous years
applied mostly to younger dQne:é. Since ueight generally iu—
creases with age, some individualdestimates ofISSEe bedy burdens,

and therefore the averages shown in Table 1, are likely to be

censervatiye.'
The maximum body burden in the males was 0.85 pci, while | j

three females had body burdens greater than this value. The

maximum observed female body burden was 1 0 pci, approxlmately

‘ 1/100th of the maximum permlSSlble body burden which has been

established for non-occupationally exPosed individuals considering

the totai body as the critical organ (15). Previous measurements

of 55Fe body burdens during a period of'increasiné 55Fe fallout

generally showed that 55Fe'body burdens of females were higher

than those of males (4,5). Presumably this is due to higher *uvrnever



. rates of iron in reﬁales thanfin males, with the result that
females are more nearly.at equllibrium wlth thelr'enylronment.
'As environmental levels of 55Fe decrease; females should, on
the average, reflect this change.by exhibiting lower 55Fevbody
burdens than those of males. 'Figure lvshows tnat more female
body burdens tended toward values <0 4 u01, whlle male body
burdens were more normally dlstrlbuted about a mean of 0.43 pci.
Regress10n analysis of age on ‘body burdens showed a s1gn1ficant.
'»correlatlon (P<0.001); older 1nd1v1duals had h! 55Fe body
burdens.. Thls observatlon is consistent w1th earlier data from
*U.S. citizens (5). |

Comparison of the 55Fe‘body burdens or peoples of different
countries (5) requires knowledge of the turnover rates of 55Fe
in the enulronnent and in humans. Jennings (12) has shown'that
the ~’Fe specific activitles of salmon taken from the northeast
Pacific Oeean decreased eightfold betueen 1964—196%.. Assuming
that a first order reaction governed the removal of 55Fe from
the mixed layer of the ocean (upper 100.m) he calculated the
effective half-life for 55Fe loss as 11 months. ‘Measurecments
in cattle and rain.waters show decreases, but at lesser rates (6).
Yron-55 body burdens of adult males in Riehland, Washindton,
decreased approximately fourfold between 1967 and 1970 (7).,
corresponding to an effective 55Fe half-life of 1.5 years. If

the 55Fe turnover rates of Richland, Washington, residents are



siﬁilar to fhose of insular poﬁulationé, ve cﬁnéiude that people
from maritime cultures would exhibit similar and perhaps faster
turnover rates of 55Fe because of the short "ecoiogical half-life"
<(13) bf tﬁis radionuclide in the mariné environmen?.

The highest 55Fe bédy-bprdens previously measured were in
fémaie natives at Béthel, Alaska; during 1966 (5). The éverage
body bur@en of eighteen females was 1.1 pci. D@ring the same
yeaf, the average SSFe body bﬁrden_of fehales and males at;Tokai—
_nuré, Japan, was 0.92 pci and 0.63 pci respegtively (5). Ix£f
- the effective.half~iife of 55Fe in Richland, Wéshington, males
'and in Tokai-Mura maleéris compafable, by 1970 the lattexr group
would be expected to have body burdens of approximately 0.1 pci,
four times lower than those measured in Rongélapese ﬁéles. Iron-55
body burdens éf females aé Tokai-Mura might be-expécfed Fovbe
comparéble to those of males for reasons diségssed éérlier..

All of the donors of the Rongelap stﬁdy were subjected to
exte;nal‘radiation during the accidental éontamination of Rongelap
Atoll in 1954, Beéause of the high levels of rédioacti&ity at
-the Atoll, the Rongelap natives were moved.to Méjuro Atoll where
they resided for fhree and one—half.Qears. Following exposure
in 1954, whole body cougting and urinalysis disciosed:meésurable
quantltles of lnternally deposited fallout radionuclides, By
1957, however, the only radlonuclides present in the Rongelapese

in significantly measurable quantities were GSZn, 137Cs and 90Sr

(9). No >Sre analyses were performed at that time so body burdens



. of this radionuclide are not known. However, based on the levels

of 65Zn, 137CS.and 90Sr observed 55Fe body burdens were probably

© small (9). The Rongelapese returned to the atoll in ‘mid- July,

1957. Whole body counting and urmnalysrs measurements one year

later dlsclosed srgnlficant body burdens of several radlonuclldes,
137

‘the most notable being Cs. It is probable that 55Fe body

burdens increased similarly.

The concentrations of 55Fe-in a selected species of fish

and in soils are listed in Table 2. Activity in the fish is

based on wet weights for comparison with previous work. Pooled

samples were used in the analyses to reduce the effect of within-

sample variation. The 55Fe,vaiues for soil samples collected
in 1963 at both Kabelle Islet and Rongelap Islet are averages
of samples collected at depth increments of 0-1.3 cm and 1.3-2.5

cm. Specific activities are not given for soils since varying

P
l.

amounts of pre-1954 plant detritus could signifioantly alter the
stable iron content but not the 55Fe activity. In this instance,

activity per unitbweight of soil is a better index of changes

" which occur as a result of input or loss than is specific

activity.

, 55_ :
The decrease in  Fe specific activities in Mulloidichthys,

sp. (goatfish) at Rongelap'between 1959-1961 corresponds to an
ecological half-life of 1l months, identical to that observed

by Jennings (11). Higher specific activities may have occurred



i .stbearlier.times, hcﬁever, estimates.ﬁased -aly on expoﬁentiel
loss would not take.into account.possible retention and cyciing
oflssFe within the lagcon,.cr tﬁe:time lag between deposition
and maximum specific acthlty in the aquatlc biota.

The increase in specifilc acthlLy of goatfish liver between..
‘late 1961 and mid 1963 reflects the increased environmental
cOncentrationsAofrssFe resultihg from testing nuclear devices
in 1961—62.. Introduction of this radionuclide to kongelaé Atoll
can occur bcth,by atmospheric fallcut and by sater trahsport of
radioactivity from oceanic regimes} The‘westwara;mccing Nortﬁ
' Equatorial Current is COmsrised of waters from'northern latitudes
where fallout from the 1961-62 tests were maximal (14). Speeds
of surface ccrrents in both the Calrfornia and North Equatorial
Currents ere sufficiently large to account for transport of
waters from 30-40° N latltude to Rongelap Atoll (15) in the tlme
period 1961 63; s1milarly, maximum surface depositlon of 55Fe
-occurred in 1963 (14) and thus the data of Table 2 probably
reflect contributions from both sources.(lG)} |

Ocr measurements of'ssFe in soils coilected from the same
sites between 1959-1963 do not clarify either of the iﬂput
sources mentioned above; the cﬁange in concentrations are greater
tﬁan can be accounted for by physical decay. Natural processes
which remove 55Fe from the upper 2.54 cm of soil may preclude

its use as a precilse collector, and therefore the resulis are



useful only to indicate order of magnitude values of 55Fe soil

. concentrations present at the collection time.

Unfortunately it is not possible to offer a clear argument

3n explanation of the SSFe body burdens of the Rongelapese

presented here at this time.  Samples from 1963 through 1969

would have shed light on the problem( but none are availlable
for'analysis. The possibility of Rongelap lagoon acting as a
nutrient and trace-element "trap" similar to estuaries (17) is

intrigulng. Removal and reLentlon of both stable Fe and 55Fe

‘from the North Equatorial Current could lead to high spec1f1c

activxtles of the radionuclide in sPec1es 1mporLant in the -

'Rongelapese dlet The fact that 11vers from mature goatfish

contain between 2-3 tlmes as much stable iron per unit wet weight

as do livers of mature salmon (4) is consistent with this argument.

Marshéilese in general show a tendéhcy toward anemia (9)

"~ and thus may absorb more iron from thelr diet than do non-anemic

- individuals. The SSFe body burdens of the Rongelapese may there-

fore only reflect more complete uptake of iron rather than uptake

. of iron of high specific activity. It is clear that further

———r——r e e

measurements of the specific activities of 55Fe in the dilets of

_the Rongelapese and the effective half-life they display for

this radionuclide will be needed to clarify these possibilitiés.
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" PABLE 1, Average >Sre body burdens of Rongelapese

Date - No. of subjects/sex 5$Fe
Sampled _ o | : . (nei) *

March 1970 . 28/M | 0.43+0.17

March 1970 , 32/F 0.40+0.27

#Standard error (1) of the mean.



“ fable 2. Iron-55 ¢ .tent in goatfish (Mulloi chthys, sp.)

and soil samples from Rongelap Atoll. Sample numbers
are in parentheses; stable Fe and 55Fe are expressed

~ per kilogram of ﬁet tissue or.per kilogram dry soil.

. A : Content
. - ~ ' . .55 ' - 55
Location Sample Collection Fe Stable Fe
: ' date (pci) * Fe Fe
. {9) (nci)
o g
- Biological Samples )
Rongelap Islet Liver (20) '~ September 1959 4.04  0.98 4.1
Kabelle Islet Liver (7) September 1961  0.68 0.76 0.9
"Rongelap_Islet Liver (10) - March - 1963 1.40 ‘ 1.15 1.2
Kabelle Islet Liver (71) August 1963  2.49 0.37 6.7

-~

Soils
Kabelle Islét Soil (0—2.5'cm) August 3 1959 0.24
kabelle Islet Soil (0-2.5 cm) August 1963 0.06
. angelap Islet Soil (0-2.5 cm) March . 1959 0.05

Rongelap Islet Soil (0-2.5 cm) August 1963 0.006

* Sample counting times were arranged to determine 55Fe in biologlcal
samples to * 5 per cent at the 95.per cent cénfidence level (2¢);
soil samples to * 5-20 per cent at the 67 per cent confidence
le;el (16) . Stable Fe determination, # 10 per cent at the 67

per cent confidence level (1¢). Activitles are corrected to

collection date.
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