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Chemical and Radiochemical Composition

of the Rongelapese Diet

I,l[wmscrillt rccciwi March .?1, I’J(2)

SUMMARY

‘II!’. tzross rh,!,,i. ,,I r<)nll],l-itif)n 1,1’ II)+ 1{ ,llg~.LI[ -( di~.t indir:,t( . iliitt
it is low in fat, protein, an(l osh hut fairly high in carbohydrate. “rhc ~ttria-

Iion in gross chemical crmlposition of Ihe diets c.swnincd Inny k accounted for

by the broad variability of the different diets. The hubitat of the Rongelapese

probably does not demand a high-energy diet, which may partially justify

Ihr lower fat intake. Levels of calcium and phosphorus stem IW1OW the

ntini mum required fur maintenance of a proper calciultl-phospll{)rus balance.

‘fhe diet seems adequate in magnesium aud potassium but slightly low in
s4}(liunl. The nickel. cobalt, and copper contents seem high in the Rongelap

rations, tnanganese content is low, and iron and zinc compare favorably with

minimum daily requirements.

[fight levels of cohidt-60 and zinc-6S are associated with each other and

with rations containing Ioctil fish. The higher levels of strontium-90 and

cesium-137 are found where local fruit was consumed. Coconut contributes

little .trontium.9tl and pandanus the most. Rations with higher zinc-65

Ao coutain higher Iewk of stable zinc. indicating that local sea foods may

he the mnin source of zinc in the diet. (:esium-137. strontium-90. and mhalt-60

-’,4 .. ,IU tlt,lillitt, v,,rrvhtlmn with -table potossi urn. cttlcium. and c(dlalt. re-

slwvtively. There is probably a Ilet addition Of mineml~ 10 R~~lurelap ~~il~

from imported foods.

INTRODUCTION liill({~ of rdionuclides and mitlerds ingested

Rongdap .\toll Ivas mlltanlinate{l tvitll l)v the Rongektpese through ioods. Fat, pro-

radioactive inllotlt resultitg from the 13rfivo t;ill. aIId carl)oll}-ckate ~vere (leterrnined to

I
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The lmgwta, ~pilly lobster, is eaten boiled.
Tile cl;LnM :lre cit[ler boiled w a chowder or
,,,, . ...!.~ ~:, .“,. :. 1 “.~ ,, ... !.,..,-, ,i , :r ‘:’1,,,~.t.,,,,

:lLK1 mnwl corned ki appear to I)e the
mwt in]lxmal]t. 31211~- other ]Iroducts are

inl[x)rtcd km time to ;ime, sLdl as sardines,
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Table 1. Description oi food rations collected at
Rongelap Island m September. 1959 (tach sample
is a ‘J+hr ration ).

_.—. .— .—— --- —— -—_ .——.— ____ _
“I-.l<*i

Sample \\cfmt, ,irj wt.
110. De.crl[,tnsm (c) (/7)

a)

b)

c)

,{!
b)

c)
d)

e)

a)
b)

c)
d)
e)

i)

a)
b )
,,
(1)

a)
b)
c)

a)
b)
c)
d)
e‘)
f)
-r )

a)
b)
c)
d )

~)
b)
c)
d)
c)

a )
h )

Pandanns paste. boiled
~,~, , !’ .h !] ::.!,

I mi.irl! I :5.:

[’artly Iudwd bread tlrxwh
Nith bully beei 252

Bully beei sanrl~tiches 195

I ,,,!,!l[]. ,,,! :1( ..!,’,,..:. 30
L’amlanus “[,ie”” 16
Baked ti>h 23
Sardines. canned 20
Boiled rice w /coconut milk 249

Breadfruit, baked
Coconut and bread dough,

baked
Bread
Bully beei
Ship’s biscuit
Rice IVcoconut milk.

boiled

Coconut. ripe
~; papaya

,\..... u:,,, il>;l 1111 .\t{l

Brvad, local ( coconut
milk, not saved J

Rice and fish mixed
Bread. local
Rice

Itreatliruit. baked
Cuconut w baked dough
Fi s]], baked
Bread, local
Coconut, entire
Iliec. h,oile(l
<. ...:!. . . ,.

Panrlmus key<. raw
~oattish. baked
Sardines, canned
Rice, boiled

Fish. baked
Bread, local
Bully beei
Sardines, canned
Rice, boiled

I{icc and fish mixed
Rice and fish mixed

41

24
31
17
13

49

72

57
.N6

81

243
80

197

.203
203
1:6

75
50
:01
,T,
. .

115
26

101
721

155
145
66
94

6~~

pl

64

.374.68

175.S5

87.12

321,69

203.16

484.10

314.90

440,50

?62.30

Iar and it ~vas impractical to iollow each individual
throughout the (lay. Thereiorc, all or’ the samples
cI)llectuIl ( Tahh LI .ho IIlll pmh:thly II(. ,-onsi(lt,r Ii
.,, ~,1-111< ;,, \j, ,r, J l!, c Ivn .I(Ic i,m tmd consump-
tion. Hotvever, there does appear to be a reascm-
able agreement {vith ,[uantlties listed by Murai
, ly~4 , jr,,!,, ,, :.~,~y ,,t \l;ljllro “~f,ll. ‘ ‘Jt:1;3

t 1!):; I ~,O1t]tL’(1{Illt ~l}C (iittiCUitl~i of {Jf)tailllll~
(Iuantirl!ivc (Iata ::: :!:c.c area...

The c(,ml)(ment< {li i;ich .amplc ,,vere dried !,>
constant weight ill IIIC laboratory at Seattle
( Table 1). The entire diet ior each individual \vas
then hmnogcniz,:d in water lvith .L hiqh-~pe,,!
bluldcr, ,lIIVU at W“ L’, and polvcr]te(l t(] .A tll]r
pou der. Subsamples oi the pm! dcr uwe taken lor
fat, protein, carbohytlrate, and rarliochemical anal-
yses. Portions weighing 40-?50 g were Ivet-ashed
ivith H S0, and H@,, and the ash dried in 250-ml
beakers ior gamma-ray spectroscopy.

The gamma-counting equipment consisted of a
3-in. thallium-activated sodium iodide crystal used
in conjunction with a 256-channel analyzer with a
digital print-out. The total counts per minute
under the photopeak were calculated by summing
counts per minute of all channels included in the
peak and subtracting the background counts. The
counting ethciency for the gamma energies meas-
ured was determined by calibrating the instrument
\vith standards with an error oi & 1070.

FnlloN ing analysis by gamma .nertrl~.rcpy. the
asivxi samples were dissolved in a known volume
oi 1.Y H XO~. Strontium-90 was determined on an
aliquot hy the methti oi Kawabata and Held
t 1958), in which a combination oi nitric acid pre-
cipitation and ion-exchange procedures is used.

Calcium \vas determined by permwganate titra-
tion oi oxalic acid and contirmed by flame spectro-
photometry-, with the internal standard techniwe
Oi C11OIVand Thompson ( 1955). Potassium !vas
,ieterminwi by flame +pectrophotometry at 766-mP . .
Ivavelength, and irrdependentlv crmtirmed \vith twti-
mation Ui potassium by titration oi the cobalti-
nitrite wnh potassium pcrmarwmntc ( Hibhard and
.-? II?. !’}.:: <{,<iil,l!r ,, :!. ,1[, ;Iillf>,,l .1 ‘<(~->l<.
ivavciengtl~. Tlw >tandardizatiun prow-lure and
Seneral tunction ot the system hare been described
by Chakrawrti and Joyner ( 1(960}.

In determining magnesium, an aliqtrot oi the
wiled ~arnple was dissolved in 1~.1.\” H(-I ;ln(l the
wlution passed through a Do\tcx-N .Y8 100-.?00
resin column oi precalculated capacity, lnteriering
anions ~vere removed by elution with two-column
volumes oi distilled \vater. The resin \vas then
stripped oi cations \vitll three-column volumes oi
2-% HCI, and tlw uluate was neutralized to methyl
orange !vith concentrated X H, OH. Calcium was
removed by prccipitotiou u ith .mmtonium oxaktte
iollowcd by boiling and filtration. The filtrate ~$as
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Table 2. Composition of rations from Rongelap Island (dry-weight basi$). ?;

~

(’,,,,.,,t,,t.,,t -> : 4 < s .

—

-.. —.
I’roxul::mvc JLIAJ>w> ~

— .-. .
;0)

Moisture 46.5 48.0 50.2 37.7 00.9 59.7 67.3 59.3 45.9
Fat 3.73 1.64 1.33 1.34 4.35 8.47 2.80 3.60 ?.82,:, 1(1.7 Ii.> v.t,~ ; , ,: 2.;.7 Ii : 25,9 8,(6
Carhohydr:ite .:l.),~ 37.8 32.7 49..2 ?1.3 3.57 10,9 6.98 38.9
.%h 4.17 1.87 4.13 2.19 5.83 4.62 4,54 q,~g 3.71

Chemical composition
(l{lci!lrrl m~ g 0.761 0.593 0.920 0.571 0..?81 2.13 1.29 0.624 (l,~~j

Milulll.lum .Ilg U 1),,31)4 (J.797 1.13 0,9.M 0.777 1.1(J M57 0.760 0.814
%dium mgl’g 3,4J 2.44 ~,~o 1,97 2.59 4.57 7.32 3,72 ~,n

I’ovdssium Illg/”g 2.33 1,39 3,12 3.34 1.12 4.60 2.55 ~.95 1.52
Phosphorus mg/g 0.134 0061 0.024 0.119 0.056 ().358 0.-?3 0.823 O.loz

Xitro~ct] mg g 2-$.2 17.1 1s.5 15.5 12.3 37.8 23.9 41.3 13.8
Xickelpptn (mg,jkg) ().0 .?4. 4.6 1.7 33. 3,4 25. 3? 1.7

llanganese (mg/kg) .71 1.0 .~~ 1.7 2.5 2.9 3.3 2.2 1.7

(“r)balt ~mg/’kg) 2.1 .80 .30 .63 .00 .27 .33 .12 .29

Copper frog/kg) 14. 27. 8.9 20, 5.6 2?. 7.5 6.8 2.8

Iron (mg;kg) 66. 69. 44. 34. 33. 47. 33. 71. 29.

Zinc tmgl’kg) 24. 14. 16, 13. 16. 48. 37. 41. 29.

——— .—— ——
Sample no.

‘4H1
,..,

“’:<i,

3

Wet wts.

Moisture

l--at

Proteiv

.\sh

Carbohydrate

Calcium

Ma~nesinln

()(1,)1111

Potassium

Phosphors

Nitrogen

X ickel

~[anganese

(:obalt

L’npper

1rrm

Zinc
—

(g)

(g)
(g)
(g;

(g)

(g)

(lx)
(g)

I .+ .!

(g)

i~)

{g)

700.0 338.0 175.0 516.0 520.0 1201.0 963.0 1082.0 485.0

3~5. lrj~. 87.9 194. 317. 717. 648. 641. 223.

14.0 ?.88 1.17 43.? S.84 41.0 8,~~ 15.8 7.38
5&6 18.8 10.1 31,0 15.5 114. 45.3 11-L 22.7

15.6 3.-9 3.59 7.06 11.8 .?2.4 14..3 1S.8 9.74

288. 151. 72.3 240, 167. 306. 246. 192. ?.2,

0.285 0.104 0.080 0,184 0.077 1.03 .0.407 0.275 0.119

[1,.](?1 0.141 i).088 0..;02 0.158 ().s.31 O.-X)7 0.335 o,~lq

i ,-,. (1.+?) lJ..~ilJ (}. (,.;+ Il,:k 2.21 -.30 i.4i (,,7:;

0,’s54 0.2-W 0.27? I.(J7 0,228 2.23 ().803 1.S0 0399

0.036 1).012 0.002 (),()3s 0,011 0.173 0.064 0.084) 0.027

‘“006 3.00 1.61 4.99 2.49 18.3 7.5? 18.2 362

I mg) 0.0 .91 ,40 .51 0.7 2.6 7.7 1.-+ .45

I nlg ) .27 .18 .02 .$6 .50 1.4 1,0 .99 .45

(lng J .78 .14 .03 ..W 0.0 .1s ,10 .05 .07

( mg) 5.3 4.7 .77 6.3 1.1 11. 2.4 3.0 .73

( Illg) 25. 1~. j,~ 11. 6.7 23. 10. .31. 7.5

(,rng ) 8,9 2.4 1.4 -1.3 3.2 23. 12. 18. 7.7

‘ Calculated from Table ?, \vet-to-dry ratio, and \reight oi total sample.
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6V ?.82

‘9 8.65

.% 38.9

:8 3.71

;24 0.+55

760 0.814
~~ 2.77

.95 1.52

,8z3 0.102

.3 13.8

>.- 1.7

1.2 1.7

,12 .29

,.8 2.8

,. 29.

.. 29.

.-
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Tabk 4. Radioisotopes (disintegrationsper minute per gram) in rations from ~ongelap
Island (dry -~velgilt basis).
—
- II)ll,lc , . ,,,, ~,%.- : fn~~ 1-.’*: 51*

—.. — .- -.——. . . . ..— ——. — —-- —-e—

I 0..35 a .12* ().40 & 0.29 –0.04 EO.(w 01.4310.00 0.84 * i07
> ().52 2.25 –1.03 & 0.53* 0.11 ao.m 14.1 & 0.50 1.63 & 0.16
~ ~,lo+ 52-—. –2.40* 1.0 -0.49 20.39 21.150.87 1.?5 * 0.2?S

>:!: l),~c -- , :,y ~ 1; ~(ll!}
,-

t, +,l,:.<<“,-. -n . ,). -1.; & {, ~)

.< 1).43 a .x –0.67 a 0.45 –0.11 =().16 & i 0.28 1)..?1ao.w

t) I),w)a ,1.3 1.70 % U.30 –0.2.3 *(MB 16.1 = 0.2) l},or)5 WOK

7 l),% = .14 (}.87A 0.35 –0.19 =0.10 .20.0YO..I8 (1,.w)Y 0,08

s 1.20 * .15 2.50 & 0.41 –0.21 * 0,11 3.(3& [).[7 0,.?2 * 0.05
(.1 (),3.3& .16 0.05 & 0.36 -().003 & 0.13 2.6 Y 0.21 0.32 A 0.08

———..
‘ il.~)j ct.untiug ~,;rur.
b Scgatrve values are g?ven to indicate that there are errors in addition to the couiltirig

urror which cannot be specifically accounted for.

111A Imic with l.~ ~rHt~H; 5% (-~H4JJ’~*

j J3 :I(klcfl ulltil A we~i[lit~~te f~rmed$ ~n~ an ~x~ess

, ,i s I [,( ) H was then added during constant stir-
, l;ig. ‘rhe precipitate, magnesium ammonium phos-
;,hat~,. was Jllowd to settle overnight, removed by
tiit(.ring, dissolved in 6 drops of concentrated
t I..+ ~,, and made to volume with water. Ylagne-
.ttuu was (Mcrmined by titrating an aliquot of this
., ,Imt(m xgainst a ~tandard EDT.I solution using
.: .,. imllcator Eriochrome Black T.

i’,,tal IAosphortrs was determined by the colori-
:,tric nwthod oi I%ischer et of. ( 19S8).

,.,l,IC [rwisiliun clernclltj nickl, ruan~ducse, co-

~,.,lt. t.(qq)cr, iron, 1A zinc ~vere determined colori-
:,~ctrit.ally by methods described by Sandeil ( 1%9).
[IN dcnwnts tvere initially separated by selective

rlution of their chloride complexes from an anion-
,.x{.llwrqe. resin. Kraus and Moore (1953) have
.tu}~sn that the chloride complexes oi the transi-
t i{,i)al ule!ntmts nickel through zinc are adsorbed
,1)1,,J .tronh,lv basic anion -e.xchatlge resin ( Dowex
! I ,IIMI are selectively c~uted at different rnolarities
.[ I I ( ‘1. l~ollt]tving ~he >ame principle, Joyner and

! !I.lkravarti ( 196(-)) suggestc{l techniques that were
:Iqlliv(l to these samples.

}‘r,+tvil] lii[rng~.11 i~~~ ,Ict{>rnli!]e(i fly tile Kjcl-
.11:, ::lu[llod.

17at Ivas determined by a modification oi the
Jollnwu method ( ~~intoll and \\”inton, 1945),
\lctllyltwe chloride \vas the extracting solvent.

.\.11 ,[mtcnt \VaS ,[et~r*l]i:lt.d aS the nitrate iorm
I}y flrvirl~ WI Jliqtrt)[ t~i tllc mheri srrnple to con-
StillltIv~,igi)t.

Slt,i.tlrrc 0 intent \vas calculated irom tile Iret-
.i rj~ht :,} dry-lveigllt ratio.

!-~~t:~l,:irt,r)l]y([r;~t~. Alid [ik~ ,Irl}stan(;es nw-e esti -
.,!V{I I,y <lll)t~a~til]<r []]~isture, fi~t, ~)r(jtein, ~fld

. . irl)ln tlIe total soii[ls and c~lcuiating the car-
.:,.ydr:ite ~,,t]t(.l]t IIV ,liffer~*]~~.

RESULTS AND DISCUSS1ON

Table 1 lists the components of the Whr
food rations collected at Rongektp Island.
Tables 2 anti 3 show proximate composition
and trace-element content of the rations, and
Tables -1 and 5 present levels of radioiso-
topes. Results are given on a percentage or
unit Iveight basis ( Tables 2 and 4) and as
amount for total diet I Tables 3 and 5). The
iormer basis permits comparison of the
relative composition oi individual rations
wld i:lci!itates evaluation of the contributions
made by specific items in each diet; the
latter Lasis shows the actual atnounts con-
sumeci in a 2-Lhr period.

In evaluating the chemical constituents
consumed by an individual in a 2-i-hr period,
the gross ~veight of the total diet is of much
importance. By comparing the proximate
chemical composition on a percent~ge basis
~Yitll the published chemical composition o“f
some (of the” items constituting the samples,
it is possible to account ior the variation in
tmli~ture. fat. protein. carlmllydrate and ash

c(>t~tw]t (~i the ditlerent (Iiets.. ,Jz

1.30

.99 .*

.05

1.0

1. 7.5

[;!

Since information 011 the tlutritional as-
pects of the Rongelapese diet is limited. com- i

~
I)arison of the data ~vith data for other areas
is prohahly Ilot Ineaningiul, Tile gross per-
centage composition indi~~tes that the diets
are general]v lOIYin fat. protein. znd ash but
iairl!” l]igll ill carbohydrate cmltent.

\\-l}el~ tile (ktta in Table .3 are compared
Jvitll the recmmnemled daily dietary allow-
alwes [mldished I)y the Foo(l and Nutrition
l+oar([ (Ii tlw Satiolml I<e>earcll Council, the
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J-1-llr ratiwls oi the Rongelapese appear to
k generally be](nv the level recommen(le(l
for !ir(~t(,il}, $in(. e fat :lll(~~!.anc{,s :trr 1,.Is(d
1:1,., <i’’,, , ‘ ;Lil,l. IJ;:LI1,JII l)ll! SIoiu,<i,.:ii

rcqulrtwknl>, no (khmte conclusion can be
drawn Ao(lt the apparent lotv fat content of
[\; !.. ( lilt.!.. .,..

, Ii,. :!’]1,it-lr ,,F Ii;(. 1{(,, !<,..];,,, .,.

l’, .’ >’i)” (1,,(., II(,t ~lcltl:ln(i :1 ili<ll-(-nergy
~!i[t. t’.ilt~li ,Lt:~t Iur[ially Justiiy the Ioiver
fat intfikc.

“I%e calcium content of the ~+llr rati~n
seemy to Ile II)ucII [(jJyer tllatl the ~Ilg:~C<t<.d
~1(.~:ll:i, .,(l, ,:, .*,,,,lt ( )itltrltl(,ll:il
1!)5s).

1);,[,,.
( )11 CIIe >arne basis, the magnesillnl

levels seem to be ad’equate but the phos-
pborlts levels are far Lelo\v w-hat is neces-
sarv t,} maintflitl a proper calcinm-phos-
pll(jr~l~ Iudatlcc I]) a good {Iiet. “[he sodium
levels appear to k ~liglltly IJC1OWthe normal
suggested intake levels, although no infor-
mation is available as to the minimum daily
requirement of sodium. The potassium level
is Iolver than the sodium content, w-hich is
getlera{lv the case in most (Iiets.

Kent A 31cCance t 1941) have suggested
that rm ordinary adult diet will supply 0.3-
0.5 mg of nickel daily, On the basis ot these

J’all:cs, :h.> I.ici.el cwl:terlt 01 tile ,24-]lr RUU-
,re]a})ese rations appears to be higher than*
usual in some cases. Xickel salts frequently
gain a~~ess to f{’JOdfrom corrosion o~ nickel

vessels, and small quantities of nickel mav
also I)e iound in J-arious manufactured food~.
It dso may be that some of the native food
components are high in nickel content.

~asu ;N]d ~Ia]akar I 1940) have s~lggested
that 4.6 ]ng of manganese are required per

dav to keep an adult male in tnanganese
I)aiallce. on this basis. the [longelapese ioml
al)[,(.pr< to !w ltttv i.1 :!’:L!IQ”}II(...,, -:’!- ,1!l*-
a~c Wl{llt dtet oi good quality supplies 0.005-
0.008 mg of cobali daily ( Harp ~nd Scoular,
]952) ; in COmparisotl the [{onge]l~e~r fWJ{i

‘,1-:tr. :, ‘ , i:~irly ;l)<l) ;11 \$J!l.,, t (’{ 111-. ‘.

~um~ett”~ I I’),;-!) balance expty-itnel]ts Ivith
a(lult humans indicate a minimum copper
re(luirenlent as Iuw as ().6 ]Tl<g(laily. The
estimate of C-hou and -Adolph ( 19.35 ~ is 1-2
m~ dailv, Tile Rot]:wl:Ipf. w> f}:f.t ;. (I(;illi[f.1,,.

:li)OYe tlw vxl:erimcntal rllillttli(lin ruluilc-
ments given. The iron in the diet appears
to compare favorably Ivith the minimum
(iaily requirement as suggested by the N’a-
tion:d Research Council. Eggleto[l ( l!l.l!~,j
has given normal daily food intake oi zinc
as 12 mg. The Rongelapese food appears to
have large variation in zinc content, and on
the average is less than S mg daily.

The higher levels of “cobalt-60 and zinc-45
are associated with each other and with
raticJns containing local tish. This is to be
expected since these isotopes are founc[ pri-
rnarilv in marine organisms {Dunning,
1957 ~. The higher levels of strrmtium-90
;ind cesium - 1.37 me iound \vhere local iruit
Ivas consumed, [n generid, nigher levels of
<trontiurn-~90 are coincident with higher
levels oi cesium- 137. Coconut contributes
little wcnltium-90, and pandanus the most.

Tile average value for the daily intake of
strontium-90 is S.3 ppc, and for calcium
0.2S g, The average daily intake in terms
of ‘.strontium units’. (wc Sr90 g Ca) is
tl~en l~earl~ 300. “Ilis ~alue is alwut three

Table 5. Radioiwtopes in 2&l~r ~nti,m< irom Ihmge] a!} l.im: (,.’
. .. ——_—. .—

~(),95 ~olmtjng error.

f,;!

1
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