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SULIARY

Whe gross chemieal co.apostiion of the longelupese diet indieates taat
it Is low in fuat, protean, wad ash but fairly Liiga i earboayarate, The varia-
tioit iw gross chemical composition ui ihe diets examined may be accounted for
Ly w.e breoad vaciability of the dilecent diets. The huabidat of the Rongeciapese
prosably does snot demand a Ligheenergy e, wiaich may partaily justuy
tize lower fut intake., Levels of caicium and phosnhorus secm below the
minimum required Sor maizienanee of a proper ealciumepliosphorns balance.
The diet scems adequate ki magnesium and polassium but slightly low in
soGiuni. Tie nickel, coualt, and copner coatents seem high in the Rongelan
Faliois, IQUZAICse Cou.cat s low, and irea and zine compare favorably with
minimum Gally requirerments.

Hiznt levels of ecobalt-dd and zine-63 are associuted wiih each other and
wia rations contuiniug local fl=n. Jhe Ligiher levess of sironlium-Y0 and
cesium-137 ave found where loczl fruit was consuamied. Cuconut contribuies
ditle strontium-90. and pandaanus the nwost.  lutioas wiih higaer zine-63
aiso contuin hiziher levels of stawe zine, ndicaiiig taut iocai sca fvods may
e the main source of zine in the diet, Cesium-137, stroniium-90, and cobalt-60
snow v definite correiation with siable porassium, caicium, wnd coovalt, re-
spectively, There is probably a net addition of miinerals to JRongelap soils
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INTRODUCTION

Rongelap Aroll was conmaminated with
radioactive fallour resuiting from the Bravo
test, on March 1, 1954, to the extent that the
population of 32 Rongelapese had to be evac-
vated. Some 200 Marshallese returned two
Rongelap in June, 1937, afrer the area had
been declared again safe for human habita-
ot Since 1954 several surveys have Joter-
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. 3.
Awomic Inergy Commission, Division of
Biology and’ Mediciune.

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

* Operated by the University of Wasiington
under Contract No. AT (43-1) 1385 with  the
United States Aiomic Energy Comunission.
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kinds of radionuclides and minerals ingested
by tiie Rongelapese through foods. Fat, pro-
tein, and carbohvdrate were determined to
provide a basis of comparison with known
diets. To our knowledge there are no pub-
lished data on the diet of the Rongelapese.

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

Fish, clams, laugusta, birds, chickens, and
pigs are eaten. Of these, the most important
1s fish. The coconut crab, Birgus lairo, is
considered a delicacy but 1s the one food
item excluded irom the diet because of the
strontium-90 content (Dunning, 19537).

The coconut, “N1” in Marshallese, is eaten
at diiferent stages of development. The juice
11
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CHEMICAL COMPOSITIwvN OF

froan the moacure nut s pn_n.rreu for drink-
i, and ongy rarely s the germinared nux
eateil. Copra, the dri ’u coco:‘.;:c meat, is o
staple caten alonte or mixed with otiter touas,
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groups, and e fermented san, Tjekrs” or
Tjugaroo,” 1s constaned Ly aduis,
Breadiruit (\Ia) i3 caten eithier baked or
botled, and also is made iunto a preparation
referred 10 as “cheese.” To make “ohcese,
the skin ts removed and the puln is i
salt waer {or three davs,
hreadiruit leaves and burie

in tie saud for
av least oue week Lelore it is eaten. The

Jougdiapese claim it whis Ucheese” wiil
uup 1Wwo years o tlore i othe sand.
Pandanus (2o s enten fresiy, bailed, or
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Taccn ot airowroot | Moimok) wbers
wusien \"izh sea water, crusiied and pass
Loroughl a sieve LN10 2 DAl Of sed Wal er, an
allow z.d to settie for thiree or iour Lou
When the starch begins to coagudate, the
water is decanted. Sea-water washes are

Crepeated  several chmes, followed Dy one
fresh-water wash., Finaily the starch is d:‘ied
and stored as o po wder. The powder is
prixed with water for use, and eitiier caten

fmmediazely as prepared or hotled or bal

The papaya is ecaten iresh, sometimes
nixed with rice or grated coconur.

The sh consumed cre primarily veef ash
stch as the goatish, JJwlloldicchys sp., mul-
let, Neomywus sp., surgeon-ash, ~dcaandio us
sp., and the siganids. The nsh are eaten
baked, boiled, or raw. The three fish we
have observed the Rongelapese to eat raw
ave goatfish, wuller, and siganids. TFish are
also preserved by baking and thea dryving it
the sun. S0l netinies salt is added before the

Ash are dried.
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THE RONGEZLAPESE DIET

The langusta, sniny lobster, 15 caten boiled.

Tlhie ciams are eitiier boiled as a chowder or
baked in tire shell in a covered pit. The clam
meat is sometimes also dried in the sun afier
haking and Lept for several days.

Bll(m are eaten either baked or boiled,
and are also dried following precooking.
Eird cyzs, usually hard boiled, form only an
incidemial pave of the diet; they are used
principally when the Rongelapese are visit-
ing islands other than their main isiand or
uearby \ilinginae Aroll.

Dig and chicken are eaten primariiy on
special occasions.

The source of iresh water fu tiue area is
cisterns. Ground water, though powiie in
certain arcas during the rainy season, is not
ordinarily drunk.

Of the imported foods, rice, wheat four,
and canued corned beel appear to ue the
piost Laportant, Many othier prodults are
Imporied fom rine 1o tme, such as sardines,
C-ration, shin's biscuir, and candy. In 1933
arge cuautites of C-rations were constmed.
Many iadividuals prefer the hmporied 160ds.

JIATERIALS AND IIZTHODS

The sumiples were coilected auring o single
24-hr period in September, 1939, at Rongeiap
Isiand, wking care that the composition ~nd the
amount  correspunded to  the composition and
amount actuaily caten by the individual. (Bwio
Soap, former village secretary, and Neil Morriss,
Trust Territory Resident Agriculturist at Ronge-
lap Atoil at that time, or one of the authors col-
iected each sampic.) Wet weights of the samples
were taken in the field, The samples were then
deicd ar 90°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.  AMisunderstanding  and  a  :aisguided
dusire to please can casily lead some Rougelapese
to vrovide merely a colleciion of smiscellanicous
sood items rather than actual daily rations of pre-
pured food. It was iclt that a few samples com-
posed of items and portions actually seen to be
consumed were preferable to many samples of
uncertain origin, Conscquently, some samples proi-
fered by individuals were discarded.

Even so, there are obvious discrepancics. Sample
number 3 (Table 1), for exampie, zppears w be
ridiculously low in the total amount consumed.
Doubtless there must have been some “snacking,”
but the cating habits of the Rongelapese are irregu-
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(each

seriotion of food rations colivend at
d

p
sainpie

Saipie Wet wt o
. Deserinaion vt s
} a) fPandanus naste, bolied
! rice and buxed Ssit
(rixed) 233 37+.63
b} Partly baked bread dough
with b Lot 232
. ¢} Dully beei sandwiches 3
2 a; Coconut iieat (green) 3 17335
by Pandanus “"ple 16
¢) Duxed ash 23
G Sardines, canied 20
b Sohad rice w/covonur il 249
3 ) Sreadiruit, baxed <1 $7.12
o) Coconur and bread Cough,
ba 2:
Ry 32
S 7
<) 13
)
=9
- a) 72 32189
b) 37
¢) Riceand £sh mixed 306
d) Broud, locar (coconut
Mix, not saved) 81
3 a) Ricvand Ash mixed 243 20316
b)Y Breud, local 30
<) Rice 197
6 a) Breadiruig, baked 203 484.10
b Covonut w -baked dough 203
¢) Fish, baked 126
d) Sreud, local 73
¢) Coconut, entire 30
i3 Rice, boiled 291
&) Sardines, canned 154
7 a) Pandanus keys, raw 115 31460
b) Gourfish, baked 26
“¢) Sardines, canned 101
d} Riee, boiled 21
.
R} a) i3, buked 135 +40.50
b) Dread, local 143
¢} DBuliy beer 66
&) Rardines, canned 94
¢) Rice, boiied 622
9 a) Riveand nsivmixed 421 262.30
33 Riceand ash mixed 6+
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lar and it was bmpractical to follow cach iadividual
througiout the day, Therefore, all of the sampics
coiiccted {Table 1) should probably be considered
us erring toward the low side ior total conmsump-
vein. However, there does appear w0 be a reuson-
wble agreemiont with quantities listed by Murai
(193+) drom a study at Majuro Atcll, Catain
(19371 vomted out the difcuities of obiuining
quantitative duta in these aress.

The components of each sample were cricd ta
constant  wueighnt in the  laboratory at  Scattle
( Tabie 1), The entire dict {for cach individual was
mhen  howogenized in water with a high-speed
blender, dried at 93°C, wund pulverized t0 a fne
powder. Subsamples of the powder were wsen or
fur, prowin, carbobvdrate, und radiocheniival anai-
yses. Portions weighing +0-230 g were wet-ashed
with HNOy and H.O., and the ash dried in 250-ml
beaxers for ganuna-roy spectroscopy.

The gamua-counting cquipment consisted of a
3-in, thajliemeactivated sodivm jodide crysial used
in conjunction with a 236-chunnel analyzer with a
digital prict-out,  The iowal counts per minute
under the photopeak were calculated 5y summing
counts per minue of all channels inciuded I the
peun and subtracting thie background counts. The
counting efficiency for the gamma chergles meuss
ured was determined by calibrating the instrument
witih standards with an ervor of =z 10%.

Following analysis by gamma spectroscopy, the
ashed samples were dissolved in a knowsn vouume
of 1N HXNO. Strontium-9Q was determined on an
aliquot by the method of Kawabatu and Held
{1938), in which a combination of nitric acid pre-
cipitation aud iom-exchange procedures is used.

Calcium was determined by permanganate titra-
tion of oxalic acid and confirmed by Hame spectro-
photometry, with the internal standard technique
of Chow aund Thompson {1935). Potassium was
determined by fame spectrophotometry at 766-mp
wavelength, and independently condirmed with esti-
mation of patassium by titration of the cobalti-
titrite with potassium permanganate (Hibbard and
Stout, 1933). Sodium was determined at 589-mux
wavelength,  Tle standardization procedure and
general function of the system have been described
by Chakravarti and Jovuer (1950).

[n determining magnesivin, an alicuot of the
ashed sample was dissolved in 0.1\ HCi and the
solution passed througn a Dowex-30 N8 100-200
resin column of precalculated capacity. Interiering
anions were removed by elution with two-column
volumes of distitled water. The resin was then
stripped of cations with three-coiumn volumes of
2V HC, and the cluate was neutralized to methyl
orange with concentrated NH.OH. Calcium was
removed by precipitation with ammoniwin oxalat
iollowed by boiiing and filtration. The fiitrate was

]
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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
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i 035 £ .20 - 6l = 000 0.84 =
2 0.22 = 28 = is.1 =030 1.63 =
K) 0niZ=.22 = 211 =087 L.l=
- v2d =3 = 7.0 =033 043 =
N 03 = .22 = 3.6 =028 0.21 —
) W= ld = ~2.23 161 =029 0.66 =
7 =) = ~3.19 = 20.0 = 0.33 0.86 =
3 Looy=.13 = ~0.ll = 3O =G.i7 0.22 =
9 U.33 = .16 = ~LdS = 0l 26 =021 032 =
- \JUJ COUNnLNY rror.
*Ne 'L‘uvc \. ll.\.: ar there ure errors in addition to the countng
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shown that the chloride complexes of ¢

ide complexes from

Lolal clenients nick
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1) and are selectively cluted at diferent
u:' HCi. Foilowing the same princini
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Trotein nitrogen was Cetemmined by the ~Njoi-
daiil method.

Fat was determined by a mo
won method  (Winton and Winton
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Ash content was determined as tiie nitrate Do
by drying an aliquot of the ashed sample 10 coi-
stant weight.

Muisture coutent was ealculated from the wer-
welziit o dry-weight ratio.

Totit carbobivdrate and like subsiances were esti-
mied Ly sublracting wioisture, af, Uroeln, and
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the gross weightr of tie total diet 1s of inuch
importance. By comparing the proximare
chemical composition on a percentage basis
with the published chemical composition of
somie of the items constituting the samples,
it is possible 0 cecount for the variarion in
moistare, far, protein, carbohydrate and ash

- coutent of the different diets.

Since information on the nutrizional as-
aects of the Roungelapese diet is limited, com-

drison of the data with data for other arezs

probably not meaningiul. The gross per-
centage composition indicates that the diets
are generally low in far, protein, md ash but
fairiv bioh in carb oh\r.mte content.
’ ata in Table 3 are couspared
with the recommended dﬂxlv dictary allow-
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