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SULGIARY

Wlhe gross chemieal co.aposiiion of the llongelupese diet indicates taat
it Is iow in fat, protua, aad asih but fairly ldga i easrboayarate, The varia-
tioi iu gross chemical compuosition oi e dicts examined may be accounted for
Ly c.e broad vaciability of the didecent dietse Tie hubiat of the dongeiupese
prosably does not demand a hLigh-cnergy dle:, waich may partiaily justdy
the lower futr intake. Levels of caicium and phosnhorus secm below the
minimum required for mainienianee of a proper caiciumephosphorus nalance.
The diet seems adequate b magnesium and polassium but slightly low in
soGium. Tue nickel, coualty, and copner covatents seem high in the longelun
Mlionis, auZanese cou.cat is low, and irea and zioe compare favorably wid
minimum waily requircenests.

Higut levels of eobalt-303 and zine-63 are associated wiihh each other and
wita ratioas contuining locul ilsh., Jhe Ligher levess of sironlium-%0 and
cesium-137 ave found where loczl fruit was consuamied. Coconut contribuies
liitle strontium-90. and puandanus the nwost. latioas wiih higaer zine-63
aiso contain higaer levels of staw.e zine, indicariag tauat iocai sca foods may
e the main source of zine in the diet. Cesium-137, stroniium-v0, and cobalt-60
show v definite correiation with siable poiwassium, caicium, wnd cowvalt, re-
speetively, There is probably a net addition of minerals to JRongelap soils
iroin importeu f0Gus.

INTRODUCTION

Rongelap Atoil was contaminated with
radioactive fallout resuiting from the Bruvo
test, on March 1, 1954, to the extent that the
population of 32 Rongelapese had to be evac-
vated. Some 200 Marshallese returned o

kinds of radionuclides and minerals ingested
by thie Rongelapese through foods. Fat, pro-
tein, and carbohvdrate were determined to
provide a Dbasis of comparison with known
diets. To our knowledge there are no pub-
lished data on the diet of the Rongelapese.

B e R A R L R T

Rongelap in June, 1937, after tlie area had
been declared again safe for human habita-
tion. Since 1934 several survevs huve doter-
mined levels of radioactive contamination
at Rongelap Atoll (Dunning, 1937). In
March, 1958, a study of the ecology of the
atoll relative to radioactive contamination
was initiated at the request of the U. S.
Awomic Energy Commission, Division of
Biology and’ Mediciue.

One of the objectives of the present in-
vestigation was to determiue the amount and

* Operated by the University of Wasiington
under Contract No. AT (43-1) i385 with the
United States Aiomic Energy Comunission.

Rongelap Atoll lies in the northern Mar-
shall Islands, an area of comparatively low
rainiall ‘and limited variety of agricultural
products. The principal plants eaten are
coconut, breadfruit, pandanus, and the arrow-
root, or tacca; some squash and papaya are
also grown. -Bananas and taro have been
introduced but are not yvet in full production.

Fish, clams, langusta, birds, chickens, and
pigs are eaten. Of these, the most important
s fish. The coconut crab, Birgus luiro, is
considered a delicacy but is the one food
item excluded irom the diet because of the
strontim-S0 content {Dunning, 1937).

The coconut, “N1” in Marshallese, is eaten
at disterent stages of development. The juice
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CHEMICAL COMPOSITIwvN OF

frun the lminature nut is preferred for drink-
is the
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1 Tls consumted Ly aduis,
Breadiruit (Ma) is caten either baked or
botled, and also s made into a preparation
referred 1o as e ; .
the skin ts removed and o
salt water {or ihree davs, i
breadiruit leaves and Lurxgd in the saud for
at least oue weex Lelore It is eaten. T

Leese.”

Jougelapese claim hart t.'.is cheese” will
Keep 1wo years or ulore 1l e sand.
vandanus (320D)

taxed. Jenkun,”

Sily, oL, ut

3oenten I
3 prepurntion said o Keep
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Usudiy on sheet mictul, over fofis unio
reaches he consisiency of v 'ﬂ'e. Tle dried
D is pressed nto a rull

il wrapned i

DLndaius orf Cocouut leaves. Siices ure cur

U A5 hecded
Caccn or arrowrout « Moimok) wers wre
wasiien \"izh sea water, crushied and passed
d

sieve Luto 2 panl of sea waler, am
allow z.d to settle for three or four Lours,
When the starch begins o coagulate, the
water is decanted. Sea-water washes are
Crepeated  several dimes, fohowed Dy one
fresh-water wash, Finaily the starch is dried
and stored as a powdcr. The powder is
puxed with water for use, and eithier caten
fmmediately as prepared or botled or baked.
The papaya is caten iresh, sometimes
nixed with rice or grated coconur.
The fsh consumed are primarily veef ash
stelt as the goatdsh, Jiwlloidicchys sp., mul-
let, Neomyaus sp., surgeon-iish, ~deaaili us
sp., and the siganids. The fish are eaten
baked, boiied, or raw. The three fish we
have observed the Run%lap@e to eat raw
niullet, and >1g“x ids. Fish are

Lerough
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also preserved by baking and then dryving in
the st Sometimes salt is added before the
ash are dried.
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THE KRONUGZLAPESZE DIET

The langusta, sniny lobster, s eaten boiled.

The clams are eititer boiled as a chowder or
baked in tire shell in a covered pit. The clam
ment Is sometimes also dried in the sun afier
baking and “wpr for several days.

Birds are eaten either baked or boiled,
and are also dried following precooking.
Bird egrs, usually hard botled, form only an
incidenial pare of the diet; they are used
principally when the Rongelapese are visi-
g islands other than their main isiand or
nearby \ilinginae Aroll.

Pig and chicken are eaten primariy on
special occasions.

The source of fresh water i tae area is

cisterns. Grouud water, though powible in
certain arcas during iie rainy season, is not
orum ‘.\ drunk,

Of the tmiported foods, rice, wheat flour,
and canned corned beet apnear o ue e
most anportant, Many otier products are
g or ted Irom time o tme, such as sardines,
C-ration, shin's Liscuir, and candy. In 1933
Iargc flu«.hx».d(.b of C-rations were coustined.
Many iudividuals prefer the imporied 160ds.

JIATERIALS AND LIETHODS

The swnples were coilected during o siugle
24-hr period in Seotember, 1939, art
iy care shat the composition nnd the
correspunided  to  the composition and
amount actually caten by the individual. (Bwio
Soap, former village scecretary, and Neil Morriss,
Trust Territory Resident Agriculturist at Ronge-
lap Atoil at that time, or one of the authors col-
fected cach samnle.) Wet weights of the samples
were taken in the ficld, The samples were then
driedd at $0°C and shipped o the University of
Washington, Scarttle.

Caution must be used in collecting to be reason-
ably sure that such daily rations are a true repre-
sentation.  Aisunderstanding  and 2 :isguided
desire to please can casily lead some Rongelapese
to provide merely a collection of miscellanicous
food items rather than actual daily rations of pre-
pared food. It was felt that a few samples com-
posed of items and oortions actually scen to be
consumed were preferable to many samples of
uncertain origin, Consequently, some samples proi-
fered by individuals were discarded.

Even so, there are obvious discrepancics. Sample
number 3 (Table 1), for exampie, appears o be
ridiculously fow in the total amount consumed.
Doubtless there must liave been some “:nacking,”
but the cating habits of the Rongelapese are irregu-
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CHAXKAVARTL AND HELD

Tubie 1. Deserintion of food raticns coliveted ar  lar aud it wus impractical to follow cachi individual
Tonoelan Isiand i Sontossher. 1939 (oned enilisie e . . R . - \
;}UTn A I:A d in Sepranber, 1939 {cuch swmpie  throughout the day. Thereiore, all of the sampics
i3 G ol u..".‘.). PSS-S o JO . [l s [ :

coniccted (Table 1) should probably be considered

_ ol us erring toward the low side ior total comsump-
Saipie Wet wt, Vs o Howove . -

- Deserivaion f;;,“ \ uan. Hoewever, there does appur 0 be a reason-

able agrecment with quantites listed by Mlurai

(1933} drom a swmdy at Majuro Awll, Cataia

(1937 vointed out the difieuities of obtuining

1 a) Pandanus

rice and

. (“"35‘2_&“‘) . o 255 37%.08 quantiwative duta in these areas.
5} Parily baked bread dough Tue components of each sample were Cricd 10
with baly beet 232 coustant wuight in  the laboratory at Scattle
¢) Duily beei sandwiches i3 { Tabic 1), The entire dict for cach individual was

then homogenized in water with a high-speed

: ?’ :OL‘:“““t ‘j‘l.‘f“j*:‘)‘,gr“":“) 9 17255 bicancr, ‘{ricd at 53°C, wund pulverized to a fine
2 :\“j““f"_“” vie 16 powder. Subsamples of the powder were wien ior
€} “‘“‘“ ash 23 fur, protein, carbohydrate, und radiochemivil anai-
G Sardines, aanned 20 yses. Portions weighing +0-230 g were wet-ashed
¢ Soiied rice w/coconut matlk 249 with HNOy and H.O., and the asi dried in 250-ml

. i e » o beakers for ganuna-ray Spectroscopy.

2 “} :“"““m“' j"f“ea. i Al 57.12 The gamma-counting cquipment consisted of 2
>y Cowonur and bread dough, 3-in. thailivm-activated sodium jodide crysial used

) 2q in conjunction with a 2536-chunnel analyzer with a
<y 31 digital print-out, The towl counts per minule
$y B 7 wnder tie photopeak were calculated 5y summing
<) Ship's biscuit 13 counis per minute of ail channels included i the
i) Ricew, coconut miik, geuk and subtracting the background coums. The

Loieed Y counting efficiency for the gamma cicrgies meas-

, . ured was determined by calibrating the instrument

T ;_-3 32189 with standards with an error of == 109%.

b" AEZ Foilowing analysis by gamma spectroscopy, the
€) picea i o ashed samples were dissolved in 2 kKnows vo.ume
d) Bread, locai (coconut of 1V HXNO. Strontium-80 was determined on an

miix, not saved) 81 aliquot by the method of Kawabata and Held

5 a) Riceand fish mixea 245 20316 (.19.58)., in \\-‘ni.ch a combination of nitri«.: acid pre-
BY Bread, local 0 cxpxjmpn aud xon-exch'ange procedure‘s is uscd‘.

o3 Rice 197 . t,als.'_xum ‘\}'as t.lctermmcd ‘by permariganate titra-

. tion of oxalic acid and confirmed by tame spectro-

6 2) Dreadiruit, baked i 205 484.10 photometry, with the internal standard t'cchuique
by Ceeonut w baxed dough 203 of Chow and Thompson (1953). lf‘o:assmm was
¢) Fish, haked 126 determined by flame spcctrophoton}ctry at 766-mp
d) Dread, local 73 wuvelength, and independently confirmed with esti-
¢) Coconut, entire 30 mation of patassium by titration of the cobalti-
% Rice, boiled 291 sitrite with potassium permanganate {Hibbard and
g) Sardines, canned 154 Stout, 1933). Sodium was determined at 589-mp

wayclength,  The standardization ‘procedure and

7 a) Pandanus keys, raw 15 31460 general function of the system have been described
b) Goatnishy, baked 26 by Chakravarti and Joyner (1960).

“¢) Sardines, canned 101 {n determining magnesiun, an alicuot of the
d) Riee, boiled : 21 ashed sample was dissolved in 0.1\ HCT and the
, solution passed through a Dowex-30 N8 100-200

S aj) 3, baked 135 44050 resin coluun of precalculated capacity. Interiering

} Dread, local 143 anions were removed by elution with _t\vo-column
¢} Dully beer [ volumes of distiled water. The resin was then
&) Jardines, canped 94 stripped of cations with three-coiumn volumes of

e} Rice, bolied 622 2V HCL and the cluate was neutralized to methyl
orange with concentrated NH.OH. Calcium was

9 ) Riceand fshomixed 421 262.5 : T ‘. . :
SloEEem o R 50 removed by precipitation witin ammonnuin OXaaie
53 Riceand gsh mixed &+

iollowed by boiling and fltration, The fitrate was

CERE § [ :.-‘.”*_'-”;t_-.f,wlq-_‘~.'w- L SV H - Ty P ararmn -
- e . . c .
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Table 2. Composi‘;ion o rutionsd jrom N

Sampee B

97 679 03 439
gy 20 se0 232
Drowin ' | e 27 % .5 259 563
Carboﬂ\ydrnc 303 37.3 . 492 . 3.57 109 698 9 9
Ash AR a3 2 535 02 PP R 7

C".‘.cmica'. composit‘.vn

Caldhati mg/S Q761 3.393 520 3371 g.581 AR 1.29 0.62% 3453
M:-.’j“.‘.csiu'.‘.\ mg/ s 0.804 Q797 113 0.938 0777 1.1 0.637 0780 0.3t%
Jouiait ma/s 342 245 6.20 197 239 .57 7.32 322 277
/S 228 1.9 312 3.3 112 4,60 233 293 w52
; 306 Y o2 O 119 © 036 0.338 0.203 0823 0..02
123 373 239 N3 133
4 32 07
2 )

et Wts.

\Coisture &) 323. 162. 87.9

Fat () 140 2,33 1.17 3.2 3.8+

Proteit () 36.6 188 101 310 133 11+ 433 114

Ash (g) 130 39 3.39 706 113 0.4 143 188 0.74
C:.rbo\\ydrate {g 233, 151, 723 230 167. 306 236 292 222.
Calcium (2) 0.235 0.1+ 0.030 o154+ 0077 1 03 0.807 0273 VRN
\lagnesiw® () Q.50 0.1~1 0.033 4.302 0138 0.531 0.207 0.333 At
Sodium () 123 0429 0.3+ 0.63+ 0.526 221 2.50 142 0727
l’omn'\um Y] 0.3+ 0.24% 9.272 107 0.228 223 0.803 1.30 2.399
Chospnoru® {g) 0.036 .01 0.002 0.033 .01 0.173 0.06% 0.L30 0027
Nirogen () 9.06 300 b o1 459 259 18.3 7.32 18.2 3.62
ickel - () 2.0 51 40 51 6.7 26 7.7 1.4 5

“janganest (mg) 27 Bt Q2

Cobalt ) 73 RC 0 .

Conpner {(ws) 3.3 47 77 6.3 11 1l 2.4 30 73

Lron (g} 25. 12 39 1l 6.7 23. 0. 3L 7.5
43 32 23 12 13 7.7

YA N mg)
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CIHARKAVARTD AND LIELD

Table - Radioisotc;\.s
Island (dry-weigit basis).

T Cu™ AR Mo Csw7 Sr%®

i 035 = .02t Gl = 0.0 0.84 = 0.7 '
2 332 .28 ie1l =030 1.63 = u.i6
3 0i2=.32 211 = Q.87 L.i=023
- vl = .3 17.6 2 0.33 0.+3 = 0.0
R 0.3 =.22 3.6 =028 0.21 —uiv
0 God = .23 6l =019 .66 = 0.05
7 035 = ..+ 20,0 = 0.338 0.86 = 003
3 oo =.13 3O = G.i7 0.22 = .03
Y U3 = .16 26 =0l 0.32 = 0.l3

=093 counting error.
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Ler, o, and zinge were

Dy tiethods
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I:'. evalnating tie chemical constiiuents
consunzed by an indivicual in a 2+-hir period,
Toss weizar of e toral diet is of much

gr
mpormance. By Lomparmu the proximare

exchange resin, Z\'raus
sihown that the chlonid
tonul clements nick

onts a strongly basic anion-exchanze

1, and are selectively cluted at difer chemical composition on a Hercentwe basis
vi HCi. Foilowing the same pnm‘i:‘f-c, with the published chemical composition o of

";kt‘:}\'&tti (iv60) surgested teciniy some of the items constiwuting the .unpl s,
appiied o these sanpies. it {s possible [0 tecount for the variation in
, . .E’.rolciu nitrogen was determined by the Njei- moisture, iat, prote eln, ¥arbohvarate and ash
: Jdaiid method. ' - content of the different diets.
‘ Fat was determined by a O G : information on the nutrizional as-
Jobuson method  (Winton and AVinen, sects of the Rongelapese diet s limited, com-
-

(49

Metiviene ciloride was tiie extraciing solvent ; o o \
sarison of the data with data for otier areas

is probably tot meaningful. The gross per-
centaye composition indicates that the diets
are generally low in fat, protein, and ash but

Ash content was Jdetermined as tite nitrate own
by drying an aiiguot of the ashed sampic 0 con-
stant welght.

MMuistire content was caleulated from the wer- .
Weinhit 1o dry-weight ratio ra::'n' hight in carbohydrate coutent.
faiit T 3 ght ratio. ; )

i SihsIANCEs Wore Cstis When e data in Table 3 are coipared
GGG Ly sublracting moistare, lut. . with: the reconmended daily dicary allow-
H
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Totai carbubiyvdrate and

Lohydrate content by dirfervice Board of tie Nationai Research: Council, the
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