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SUMAIARY

‘sane gross cuemieal co.rposiiion of the Nongelapese diet indicates tat

it is iow da fat, protean, aad ash but fairly liga ia eurboayarate, The varin-

tioia gross chemicat composition vi whe diets exambied may be accounted for

Ly u.e broad vaciability of dhe dieceni diel. The habiat of the Rongeiapese

partiaily justily

seem below the

yrowaply dovs not demand a Ligh-energy ules, waieh aoiay

tne lower fur intake. Levels of caicium and phosphorus

minimum required for maiu.enanee of a proper caigiumepuosphorn. balance.

The diet seems adequate i magnesium and potassium but slightly low in

sodium. Tue nickel, covalt, and copner cuatents seem high in the Rongelan

Palos, iadugaunese Cow.cat is iow, and irea and zine compure favorably widh

minlinwa Gay requirements.

isn: levels of cobalt-30 and zine-63 are associated wiih each other and

‘Lae Lignhes aevess of siroatium-¥0 and

Ceconut contributes

witha ratious contuinhiy local ish.
i Fe 7 .T Feyaed ford oe . os .eesiumet37 ace found where local éeuit was conse.

Hite strontiuime90. snc pancasus the Nest utieas with higaer zine-65

aiso contain higoer feveis of siau.e zine, indicatiag tut igcai sca foods may

be the main source of zine in the diet. Cesium-137, strontium-¥0, and cobalt-60

snow ..v definite correlation with stable potassium, calcium, and covalt, re-

spectively, There is probably a net addition of minerals to Rongelap soils

Te TERrence: Cperee Time EY Toe

iroa importeu foGus.

INTRODUCTION

Rongelap Atoil was contaminated with
radioactive tallour resuiting from the Brivo

test, on March 1, 1954, to the extent chat the
population ot 82 Rongelapese had to be evac-
uated. Some 200 Marshallese returned to
RNongelap in June, 1937, atter the area had
been declared again sate for human haibira-

tion. Since 195+ several surveys have Ccter-
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.

eAtomic Energy Commission, Division ot
Biology and’ Medicine.

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

* Operated by the University of Washington

under Contract No. AT (45-1) 1385) wirh the

United States Atomic Energy Comunission.

kinds ot radionuclides and minerals ingested
by the Rongelapese through foods. Far, pro-
tein, and carbohydrate 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

rainiall and limited variety of agricultural
products. The principal plants eaten are
coconut, breadiruit, pandanus, and the arrow-

root, or tacca; some squash and papaya are
also gvown. Bananas and taro have been

introduced but are not yet in full production,
Fish, clams, langusta, birds, chickens, and

pigs are eaten. Of these, the most important

is fish. The coconut crab, Birgus lauiro, is
considered a delicacy but is the one tood

item excluded irom the dict because of the
stronuum-90 content (Dunning, 1957).
The coconut, “Ni” in Marshallese, is eaten

at diferent stages of development. The juice
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CHEMICAL COMPOSITiGN OF

frual the inniacure mud is preterred for dviak-

ig, AUG viny vareiy is the germinated murc

eaten. Copra, the dried soueiit meat, is a

staple eaten alone or mixed with ouier tues,

Vae coconut scp is collected from ihe cut

etais Of iIndurescenees OF CLCONUE trees 3et
aside for this vaurvose in the viluve urea.
VYhe feo sap is vartaken of by all ag G5

STOUDS, and wage fyrmenied aan, “jekro” or
“yuyaree,” is consumed LY aluits,

Breadtruit (Ma) is eaten either Laked or
buted, and also is mace into a preparation

referred to as “cheese.” To ma) :
the skin ts removed and she pa:

salt wacer for ihree Cavs, r
wreadiruit leaves and buried in tie saud for

ac least one weex Lefore ir is eaten. The

 

Nougelapesé Cluimt that this “cheese” wu
keep two years Ofure hi the sand.

Pandanus (Bop) is eaten fresa, oGiied, ur
ia. ced. “Jenken,”

   

& preparation said io Keor
See ane : rarer sept tye” Taye
Tor WaOre Takin -tye Years, is OTe area aN

teter GS tie 7 eye esate eee - ‘axing OF Uulling the Doncanus keys anu
or eee sts 7 sya a Tee at

serapeug Out the puso. Lie pulp is rice, 
  ‘ Nas ts ™ aeeqeel ie

Holiday Ol sacee zal, ver COais Vein ad0

TeHeNes ie CoO: isisteucy Ol TG3e bue dvicd

CAND io DYesseG iato a ruil ane wrap:sed in
Ve nae pen aa TE SS eee Can es . seeOandaius of cocouur leaves. Silees are cut

Ga. Os hecucs..

Vaees or arrowrout (Mowmokx) tubers ure

washion with sea Water, cruslied and vassed

LarOuwa a sieve into a2 van oF sea wewer, and
alowed to settle tor three or four uours.

begins to coagulate, theWhen the starch
water is decanted. Sea-water washes ire
repeated several times, fouowed by one
Jresh-water wash. Finady the starcu is dried

ami stored as a povwder. The powder ts
mixed with water for use, and etereaten

immediately as prepared or bouled or
The papaya is eaten iresh, sometimes

wixed with rice or grated coconut.

The tish consumed cre primarily reet sh
such as the goatish, tdloldleciys sp., mul-
let, Veouyeus sp., surgeon-ish, deat.us

sp., and the siyanids. The Ash are eaten

baked, boiled, or raw. The three fish we

have observed the Rongelapese to eat raw

ave goattish, mullet, and siganids. “ish are

also preseyedby baking and then drying in

the sun. netimes salt is added before the

Ash are dried.

or
>

t

THE KRONGELAPESS DUET

The Isngusta, spiny looster, is eaten poiled.

The clamsare either boiled as a chowder or
baked in the shell in a covered pit. The clam
meat is sometimes also dricd in the sun atrer
baking and “sept for several days.

Birds are eaten either baked or boiled,
and are also dried following precooking.
Bird evzs, usually hard boiled, form only an

ineidemial part of the diet; they are used
principally when the Rongelapese are visit-
ing islands other than their maiu isiand or

uearby .Aiinginae -Atoll.
Pig and chicken are eaten primariy on

special occasions.
Vhe source of fresh water fu the area is

cisterns. Ground water, though powixe in

certail orcas during ine rainy season, is mor
orGinarily drank,
Of the imported foods, rice, wheat nour,

and canned corned beef apyear to ue ie

most inmportant, Many other proaucts are
inipartea sumtine £0 time, such as sardines,

C-ration, ship's biscuit, and candy. In 1938
arve quantities of C-rations were consumed.

Many incividuais prefer the imported foods.

MATERIALS AND METHODS

The samples were collected during a shigle

2Q4-hy period in September, 1939, at Ronyeiap

Isiand, takine care that the composition and the

amount cocrespunced to te composition and

amount actually eaten 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 cal-

jected each samoie.) Wet weights of the sampies

were taken in the field. The samples were then

dried at 90°C and shipped to the University of

Washington, Svattle.
Caution must be used in collecting to be reason-

ably sure that auch daily rations are a true reore-
sentation, Misunderstanding and a  unsguided

desire to please can easily lead some Rongelapese

to provide merely a collection of miscellaneous

food items rather than actual daily rations of pre-

pured food. It was felt that a few samples com-

posed of items and sortions actually seen to be

consumed were preferable to many samples of

uncertain origin, Consequently, some samples prar-

fered by individuals were discarded.
Even so, there are obvious discrepancies. Sample

number 3 (Table 1}, for exaimpie, cppears to be

ridiculously low in the total amount consumed.

Doubtless there must have been some “snacking,”

but the eating habits of the Rongelapese are irregu-
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se
Rongeag Tsiand in Septemver, 1939 Couch sample
isa Jtehe face).

. otal
Satine Waetwt dis ar

Ha. Deserinnyars ww we

i a) Pandanus oaste, boled
rice and bused dsn

(mixed) 253 374.63

b) Party baked bread dougi

beer $2

oc} W3

2 ay 3 172.55

b) 16

c} 23

jG 20

} 249

3 a) at $7.12

2)

24

ey 32
3) 17
¢) 13

t)
aD

* a} 72 (321.69

b) 37

¢) Rice and fsh mixed S06
d) Bread, locai (coconut

mux, not saved) 81

3 a} Rice and fish mixed 243 203.16

by Bread, local 30

ce) Rice 197

6 a) Breadiruit, baked 203 484.10

b) Coconutw based dough 203
c) Fish, baxed 126

d) Sread, local 73

ve) Coconut, entire 30
iy Rice, boiled 291

g) Sardines, canned 154

7 a) Pandanus keys, raw 125 -314.90

b) Goatrish, baked 26

c) Sardines, canned 101

d} Rice, boved 24

8 a} Fish, baked 155 440.50
TN Det fayest ‘3
OJ WTCAG, Cat 145

c> Bully beer 66

a) Sardines, canned 94

e) Rice, dotted 622

9 a} Rive and fish oixed 421 262.30
O} Rice asd ash mixed 6+
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lar and it wae impractical to iollow each iadividual

throusnout tae day, Therefore, all of the sampics

couceted (Table 1) should orobably be considered
us erring toward the low side jor total consump-

tian. However, there does appear to be a reason-

ably agreement with quantities listed by Mfurai
(1934) from a study at Majuro Atotl Catala

(1957) sotnted our the dimeuities of obtuining

quanitative data in these areas.

Tae components of each sampie were Cricd ta

constant weigut im the laboratory at Seattle

The entire dict tor cach individual was
tien homogenized in water with a high-speed

biencer, dried at 58°C, und pulverized to a fine
powder. Subsamples of the powder were iucen ior

fut, protein, carbohydrate, und radiocuenical anai-

yses. Portions weighing 40-250 g were wet-ashed
with HNOs and H.O., and the ash dried in 250-ml

beakers for gamma-ray spectroscopy.

The gamiua-countinyg equipment consisted Gi a

S-in, toaiium-activated sodiuin jocice crystal used

in conjunction with a 236-channei analyzer with a

dighal prict-out, The toral counts per minute

under the photopeak were calculated oy summing

counts per minute of all channels incluced in the
peux aud subtracting the background counts. The

counting eiiciency for the gamma cuergies meus-

ured Was determined dy calibrating the instrument

wit standards with an error of =z 109.

Following analysis Ly gamma spectroscopy, the

ashed samples were Gissolved in a known vouume

of IN HNO, Strontium-90 was cetermincd on an

aliquot by the method ot Kawabata and Held
41938), in which a combination of nitric acid pre-

cipitation aud ion-exchange procedures is used.

Calcium was determined by permanganate titra-

tion of oxalic actd and confirmed by dame spectro-
photometry, with the internal standard technique

ot Chow and Thompson (1955). Potassium was

determined by fame spectrophotometry at 766-my

wavelength, and independently condrmed with esti-

mation of patassium by titration of the cobalti-

nitrite with potassium permanganate (Hibbard and

Stout, 1933). Sodium was determined at 589-m,

wavelength The standardization procedure and

general function of the system have been described

by Chakravarti and Joyner (1960).
{n determining imagnesium, an alieuot of the

ashed sample was dissolved in Q1M HCi and the

solution passed througn a Dowex-50 X8 160-200

resin colunin of precalculated capacity. Interfering

anions were removed by elution with twvo-column

volumes of distilled water. The resin was then
stripped of cations with three-coiumn volumes of

2N HCl, and the eluate was neutralized to methyl

orange with concentrated NEVO, Calcium was

removed by precipitation wita ainmonium oxalate

iollowed by boiing and filtration, The filtrate was

Table 1),

j
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Compori
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sfoisere
5

30

39.7 67.5 3993
9

\

Vat

37300 fet 1

ga?
gy «3.60 232

\

Deotent
wit

zie
9037

65 (207 14.5 23.9
6.63

Carponya
rete

35 93 87 492 28
3.37 109

693 oe?

Asa

a7 137 aig 28? 3.33 4o2
423

7

Chemis
composi

te?

Calica
m2z/s

0.761
0.595

o20
0.374

gdh
218

4.29
6.624

9.055

\agnys
ieh

mg/s
».80+

o7y7
.45

5.958
0.777

1A
0.637

v.760
o.gi4

Suds
ma/s

3.42
2At

6.20
1.97

259
a7

7.32
3.22

247

Porasshe
nt

mvp 3 228
1,39

3.42
3.54

yi2
4.60

255
2y5

52

Dias
ass oi3+

8 go.
on 8 W908

036 0.333
9.203

0.823
9.402

138.3
43.3

123
37.3

239
41.9

43.8

a 3
z4 23.

32
7

2.5

22
17

 

Wer wts-

\Coisture
ig) 325.

162.
Q7.9

Fat
(3)

14.0
2.38

1.17 45.2
3.84

Protenl
(3)

36.6
1838

10.1
0

133 ys
45.5 114

Asi
ig)

13.6
3.29

3.59
7.66 Ws

nA
14.3

18.3
9.74

Carbohyd
rate

ig 238.
1Sl.

723 250
167.

306
246

292
222.

Calciat
(gs)

0.285
0.10

9.080
0.184

0.077
1.03

9.407
9.275

Yagnes
iu

ig)
Q.s0l

Q.isk
0.

.

Sodium
(gz)

128
0.429

030
0.654

09.326
2h 2.50

we $727

Potass
ium

ei
0.354

0.244
v.72

1.07
0.228

23
9.805

4.30
9.39

7
R

Spospno
rus

ig)
0.036

9.012
0.002

9.033
9.01)

Niuroge
l

(gs)
9.06

3.00
1.61

459
249 48.3

7.92 18.2
3.62

0

Nivel
(my)

0
al

40
31 67

2.6
V7

14
a

\Langan
ese

(me?
27

8
2 36

30 Let
10

99
+3

Cobalt
(and)

73
\+

03
298

%
AS

10
05

07

Copper
(ms)

3.3
47

G7 6.9
iA 41.

24
3.0

73

3

23.
42.
39

67 23.
50.

3l.
73

:

me)
32 23

12
13
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Table + Radiolsoteges (Gtsiiegrations Te? minute per gram) in rations from Rongelap
Island (dry-weigi.t basis).

Sample

The. Cun “Lu5 Mn-# Cx? Sr”

i 33 2 12" Ola & Oi

2 £2 = 2E is.t = 0.50
3 i252 21.1 2 O87

+ Wes ao id U7 17.6 & 0.33

3 0.43 = 22 mol 5.6 x 0.28

4 m3 -J.23 16.1 = 0.29
7 =.ls —D1p 20.0 = U.38

3 Lev a 25 J 3.0 0.17

y U.33 = 16 2.6 2 0.21

“0,3
~Nes > ure nat there ure errors in addition to the counting
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shown that the

 

tonal elements nich

onia a strongly basic anion-exchanze
Ly and are selectively cluted at di

v HCi. Following the same princinie, Jove 4

“akravarti (ivu0) susgested tecan

anmied To

 

Ques Tout were

these sampies.

Protein nitrogen was CGeterminea by the Njel-

method,aan

 

Fat was determined by a mo

“ohnson method (Winton and
Meth

Ash content was determined as the nitrate

by drying an aliquot of the ashed sampie to cun-

stant weight.

Winton

siene chloride was the extracting

Lovie

>was calculated rr

ratio.

Voud corbebyarate and

subiructing

wat trom the total solids and caiculating tue care

Miuisture content a othe wet

Wonht to dry-weight

like sUDStances Were esti-

iat, inkG UY moisture,

bohnyerate content by ditereuce

ot
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ro

wet Weight oasis (Tanies

TUDES.
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mA aed = oun
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COMDNATISON Goo me

tut individual

totaa Cler ¢“ARGUar

TOTIMe?  
and luciitates evaluacion of the contriburions

in each lets the

y@ ictual amounts con-

Ts “avatnaing tie chemical constiiuents

ed by an indivicual Ina 24-hr veriod,

Ossent of tie roral diet is or much

By comparing the proximate

with,“lhe published chemical compostion of
some OF The items constituting the samples,
it is possible to account for ihe variation in

moisture, fat, protein, carbohydrate and ash

courent of the different diets.

iiformation on the nutritional as-

the Rongelapese diet is limited, com-
of the data with daia for other areas

 sroinai!y uot meaningtul. The gross per-

centage composition indicates that the diets
are venerally low in fat, protein, and ash but

in carbohydrate content,

at. in Table 3 are compared

tie amended daily digiary allow-

ances mehitshed! by the Food and Nuzrition
Board of tue Nationa: Researeh Council, the
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