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SUMMARY

The aross chemioal compo-ition of the Rongela;ose diet indicowcs that
it is low in fat, protein, and ash but fairly high in carbohydrate, The varia-
tion in gross chemical composition of the diets examined may be accounted for
by the broad variability of the different diets. The habitat of the Rongelapese
probably does not demand a high-energy diet, which may partially justify
the lower fat intake. Levels of caleium and phosphorus seem below the
minimum required for maintenance of a proper calcium-phosphorus balance.
‘The diet seems adequate in’ magnesium and potassium but slightly low in
sodium. The nickel. cobalt, and copper contents seem high in the Rongelap
rations, manganese content is low, and iron and zinc compare favorably with
minimum daily requirements.

Hight levels of cobalt-60 and zinc-65 are associated with each other and
with rations containing local fish. The higher levels of strontium-90 and
cesium-137 are found where loecal fruit was consumed. Coconut contributes
little strontium-90. and pandanus the most. Rations with higher zine-65
also contain higher levels of stable zine, indicating that local sea foods may
be the main source of zine in the diet. Cesium-137. strontium-90. and cobalt-60
~ivow 10 definite corrclation with stable potassium, calcium. and cobalt, re.
spectively, There is probably a net addition of minerals to Rongelap soils
from imported foods.

INTRODUCTION kinds of radionuclides and minerals ingested

Rongelap Atoll was contaminated with by the Rongelapese through foods. Fat, pro-
radioactive fallout resulting from the Bravo tein. and carhohydrate were determined to
test, on March 1, 1934, to the extent that the provide a basis of comparison with known
population of 82 Rongelapese had to be evac-  diets. To our knowledge there are no pub-
vated. Some 200 Marshallese returned to  lished data on the diet of the Rongelapese.

Rongelap in June, 1937, after the area had Rongelap Atoll lies in the northern Mar-
heen declared again safe for human habita- ~hall [slands, an area of comparativelv low
thanm Nipee TR e el e cd T derer- s e T e vt e e

nined levels of radioactive contamination  products, The  prineip: 11 pl.u ts eaten are
at Rongelap \toll (Dunning, 19373, [n coconut. breadfruit, pandanus, «nd the arrow-
March, 1938, a study of the ecology of the root, ur tacca: some squash and papava are
atoll relative ro radioactive contamination also grown. DBananas and taro have been
was inuated at the request of the U, S introduced but ate not vet in full production.
Atowiic Fnergy Commuission, Division  of I'ish, clams, langusta, birds, chickens, and
Biology and Medicine. pigs are eaten. Of these. the most important
e of the n[)jecti\-es of the present in- is tish. The coconut crah, /\)fﬁ'glllf lutro, is
vestigation was to determine the amount and  considered a delicacy but is the one food
— item excluded from the diet hecause of the
“Operated by the University of Washington  ~trontium-90 content { Duiming, 1937,
under Contract No. AT (43-13 1385 with  the The coconut, " Ni7 in Marshallese, is caten
United States Atomic Energy Commission, at different stages of development. The juice
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from the immature nut is preferred for drink-
ing, and only rarely is the germinated nut
TR | - )I'V"{_ thos 11‘:\‘ } O v o
staple vaten alonie or mixed with ctier oo,
The coconut sap is coilected from the cue
ends of Infloresconces of coconat trees

N T R TER

astuge oor Vil ' 'Al vt
Fhe fresh sap s partken of o
groups, and the fermented ~ap, ar

“jugaroco,” ts consumed by adults,
Dreadfruit ¢ Man s eaten either haked ar
B T N AT SR R

referred 1o as Ueieese.” To wake Ucheese,”

the skin s removed aned the pulp s placed in
salt water for three duvs, then wrapped in
breadiruit leaves urd buried in the =and for

at leust one week cefore 1tois eaten, U

Rongelapese clain: that this “clicese™ awill

keep two years or more in the sand.
Pandanns 1 Bop ) is eaten fresh, hoiled. or

baked. *Tenkun,” a preparation said to keep
for more than nve vears, is prepared by
huhing or botling the Pandanus kevs and

H+

seraping out the pulp. The pulp is dried.

usually on shest metal, over coals unul it
reaches the consisteney of fudge. The dried
R R S rodb ed werng e iy
indanus or coconut leaves, Slices are cut
ol as needed.

Tacea ur arrowroot { Mokmolk) tubers are
washed with sea water, crushed and passed

through a sieve into a pan of sea water, and

allowed 1o scttle for three or four hours.
When the <tarch begins to congulate. the
water i3 decanted. Seaswater washes are
repeated  several  times, followed by oue
freshewater wash., Finally the starch is dried
and stored as a powder. The powder is
aved with water for nse, and either eaten
HNNCALITCIY Gn Loy pribed or bolied o 7 Gheeds

Ihe papava is caten fresh, suometimes
mixed with rice or grated coconut. ,

The tish consumed are primarily reef fish
such as the goatish, Muilotdictys sp., mul-
let, Neomvrus sp., surgeon-tish, L leanthurus
sp., and the siganids. The fish are eaten
haked, hoiled, or raw. The three fish we
have observed the Rongelapese to eat raw
are goatnsh, mullet, and siganids. Fishy are
also preserved by baking and then drying in
the <. Sometimes salt is added betore the
tsh are dried.

Dl BRONubLALEse oleT

The langusta, spiny lobster, is eaten boiled.
The clams are either botled as a chowder of
Sl te Vg e e Tl o g
Meat a sometines alsodrted mothe sun aner
baking and kepe tor several days.,

Pirds are rcaten either haked or hoiled,

(S . ool (. 2 M i

i

vird cgasvadiv fand Tealed, i(.:rm omly :1;1
mcidemal part of the Jdier; they ‘are used
principadly when the Ruongelapese are visit-
my islands other than their main island or
venrby s Nfhecinae. vy

U1 cnd cvichen e e peamanty on
~pecial occastons,

The source of fresh water in the area is
cisterns.  Giround water, though potable in
certain areas during the ruiny season, is nog
ordinarily drunk.

O the imported toods, vice, wheat tlour,
and canned corned beef appear 1o be the
most {mportant.  Many other products are
iuported frou tite to time, such as sardines,
C-ration, ship's biscuit, and candy. In 1938
large (uantities of C-rations were consumed.
Many individuals prefer the imported foods.

MATERIALS AND METHODS

Phe “sampies were coaected auring o sihigic
24-hr period in September, 1939, at Rongelap
Islund, taking care that the composition and the
amount corresponded to  the composition and
atnouttt actually caten by the iudividual. (Bwio
Soap, fortmer village secretary, and Neil Morriss,
Trust Territory Resident \griculturist at Ronge-
Iip Atoll at that thime, or one of the anthors col-
iveted cach sample.r Wet weights of the samples
were taken in the neld. The samples were then
dried ar Y0°C and shipped to the University of
Washington, Seattle,

Caution must he used in collecting to he reason-
AUy sure that el daliv o rations are oo tene renre-
sentation,  Mibsunoerstaidig el w0 aneQubice
desire to please can eusily lead <ome Rongelapese
o provide merely a collection of nuscellaneous
food items rather than actual daily rations of pre-

“vared foud. Lt was felt that a few samples com-

posed of items and portions actually <een to be
consuimned were preferable to many samples ot
uncertain origin, Consequently, sotie samples protf-

fered by individuals were, discarded.

Even so, there are obvious discrepancies. Sample
number 3« Table 1), for example, appears to 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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Table 1. Description of food rations collected at
Rongelap Island in September, 1959 (ecach sample
is a 24-hr ration).

Total
Sample o Wetwt, dry we.
10. Description V-3 ()
1 a) Pandanus paste. boiled
rice weed " awend feh
cmixed 233 37408
b) Partly baked bread dough
with bully beef 252
¢) Bully beet sandwiches 195
20Tt eenut edt - 30 75.83
b) [’andanus “pie” 16
¢) Baked tish 2
d) Sardines, canned 2
e) Boiled rice w/coconut milk 249
3 a) Breadiruit, baked 41 87.12
b) Coconut and bread dough,
baked 24
¢) Bread 31
d) Bully beesf 17
¢) Ship's biscuit 13
f) Rice w/coconut mitk,
hoiled 49
4 a) Coconut, ripe 72 321.69
b) 15 papava 57
CLGoe abiag s aed 06
«¢) Bread, local (coconut
milk, not saved) 81
5 a) Rice and fish mixed 243 203.16
b) Bread, local 80
¢) Rice 197
6 a) Breadfruit. baked 203 484.10
b) Coconut w baked dough 203
¢) Fish, baked 126
d) Bread, local 75
¢) Coconut, entire 50
£y Rice, bailed 291
7 a) Pandanus keys. raw 13 31490
b) Goatfish. baked 26
¢) Sardines, canned 101
d) Rice. hoiled 721
8 a) Fish, haked 155 440.50
b) Bread. local 145
¢) Bully beet 66
d) Sardines, canned 94
¢) Rice, boiled 622
4 a) Riceand Ash mixed $21 262.30
by Rice and fish mixed 64

AND HELD

lar and it was impractical to follow each individual
throughout the day. Theretore, all of the samples
collecteld « Table 1 should prohihly be considerad
ws eonmy toward the wew side for total consump-
tion. However, there does appear to be a reason-
able agreement with quantities listed by Murai
A9 from 0 andy at Majuro veddll Catia
(19370 pumted out e dificuities of  obtaming
quantitative data nothose arcas,

The components of vach sample were dried to
constant  weight in  the " laboratory at  Seattle
(Table 1). The entire dict for each individual was
then homogenized in water with a4 high-sperd
blender, dried at 98 C, and pulverized to a tme
powder. Subsamples of the powder were taken tor
tat, protein, carbohydrate, and radiochemical anal-
yses. Portions weighing 40-250 g were wet-ashed
with HNQs and H.O., and the ash dried in 250-ml
beakers for 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 efficiency for the gamma energies meas-
ured was determined by calibrating the instrument
with standards with an error of =+ 10%.

Following analysis by gamma <nectrosccpy. the
ashed samples were dissolved in a known volume
of 1N HNOQu Strontium-90 was determined on an
aliquot by the method of Kawabata and Held
(1938}, in which a combination of nitric acid pre-
cipitation and ion-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 and Thompson (1953). Potassium was
determined by flame spectrophotomnetry at 766-mu
wavelength, and independently confirmed with esti-
mation of potassium by titration of the cobalti-
nitrite with potassium permanganate  Hibbard and
S, 1033 Sadimm owas eroraped p TR0
wavelength,  The standardization procedure and
general function of the system have heen described
by Chakravarti and Joyner (19601,

In determining magnesium, an aliquot of the
ashed sample was dissolved in 0.1\ HCl and the
solution passed through a Dowex-30 N8 100-200
resin column of precalculated capacity. Interifering
anions were removed by elution with two-colunmn
volumes of distilled water. The resin was then
stripped of cations with three-column volumes of
2N HCI, and the eluate was neutralized to methyl
orange with concentrated NH.OH. Calcium was
removed by precipitation with ammonium oxalate
iollowed by boiling and filtration. The tiltrate was




UVHEMTUM, COMUORITION F TH RONCELAPESE [HET

Table 2. Composition of rations from Rongelap Island (dry-weight basis),
Sample no. T
Comstituent ! 2 2 + 3 . H "

Proxucauve ataiyses « 7o j . T

Moisture 46.5 80 502 377 609 397 673 393 459

Fat 373 . 164 133 L34 435 84 280 360 29

- : 07 e Wed T 27 143 239 ges

Carbohydrate 0.3 378 327 49.2 213 337 109 698 339

Ash 417 187 413 219 583 462 454 428 37

Chemical composition

Caleinm mg ¢ 0761 0.593 0820 G571 0381 213 1.9 0624 0433

Maanesium mg ¢ DJdud 0797 113 0938 0777 L 0.637 0760 0814

Sodium mg/g 342 244 6.20 1.97 2.59 4.57 7.32 322 27
Potassium . mgjg 228 139 312 334 112 460 255 295 152 i
Phosphorus  mg/g 0.134 0061 0024 0119 0056 0358 0203 0823 0102 =
Nitrogen mg, g 242 17.1 18.3 155 123 378 239 413 138

Nickel ppm ( mg kg 0.0 24, 46 1.7 33. 34 23, 3.2 1.7
Manganese (mg/kg) 71 10 22027 25 29 33 22 17
Cobalt ~ (mg/kg) 21 80 30 63 00 27 33 12 02 ‘
Copper (mg/kg) 14 27. 3.9 20. 5.6 22 7.3 6.8 28 ’
Iron (mg/kg) 66 69. 44, 34. 33. 47. 33. 71. 29.
Zinc (mg/kg) 24 14. 16. 13. 16. 48. 37. 1. 29. .

Talle 3 Tomeostion of rations for a 24-hr period from Rongelan Tiland?

Sample no.

Constituent 1 2 3 + 5 n 7 8 9
Wet wts. (g) 7000 3380 1750 35160 5200 12010 963.0 10820 4850
Moisture (g) 325. 162. 879 194, 317. 717. 648, 641. 223.
Fat (g) 140 2.88 1.17 432 3.84 410 882 158 7.38
Protein g} 566 18.8 10.1 31.0 135 114 455 114 227
Ash (g) 15.6 3.29 3.39 706 118 2.4 143 138 9.74
Carbohydrate (g) 288 151, 723 240 167. 306. 2486, 292, 222,
Calcium (g) 0285 0.104 0.080 018+ 0.077 103 .0407 0275 0.119
Magnesium (@) H30r 0141 0,088 0302 0138 0531 0207 0335 0214
sod.aum ) PRI 0439 sy it Ul 221 R 142 77
Potasstum g) U834 0244 0272 lor o 02280 223 0803 1.50 0.399
Phosphorus ig) 0036 0012 0.002 0038 0011 0173 0064 008 0027
Nitrogen ig) 06 3.00 1.61 +.99 249 183 752 182 362
Nickel (mg) 0.0 91 40 31 6.7 26 7.7 1.4 45
Manganese tmg) 27 18 02 36 .50 1.4 1.0 99 45
Cobalt (mg) 7 14 .03 .20 0.0 13 10 .03 07
Copper (mg) 33 4.7 77 6.3 1.1 11. 2.4 3.0 73
lron tmg) 25, 12. 3.9 11. 6.7 23. 10. 31. 7.5
Zine (mg) 3.9 24 1.4 4.3 3.2 23. 12, 18. 7.7

* Calculated from Table 2, wet-to-dry ratio, and weight of total sample.

(4]
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Table 4. Radioisotopes (disintegrations per minute per gram) in rations from Rongelap

Island (dry-weight basis).

~ imple

pm VAL RS (a4 Sp#

1 0.35 = .12* 040 =029 =004 =009 614 = 0.00 0.84 %= 0.07
2 052 +.25 —1.03 = 053" 0.11 =020 14.1 = 0.50 1.63 = 0.16
3 n.12 x .52 —240x 10 —0.49 =039 211+ 087 1.25 +0.25
: SNSRI VISR N7 =0 1T =R IR XE
3 043 = .22 —0.67 = 045 =011 =016 3.6 =0.28 0.21 = 0.09
H 0.90 = .13 LD = 0.30 =023 +0.09 16.1 = 0.29 oo % 0.06
h 0.36 = .14 (187 + 0.35 =0.19 *=0.1v 200 =0.38 0.86 + 0.08

1.20 = .15 250 =041 021 =011 3.0 =017 0.22 +0.05
9 0.33 = .16 0.05 +0.36 =0.003 = 0.13 26 =0.21 0.32 +0.08

S5 counting eirror,

® Negative values are given to indicate that tliere are errors in addition to the counting

crror which cannot be specifically accounted for,

made basic with 1V NH.OH,; 3% (NH,).PO.
was added untif a precipitate formed, and an excess
of NILOH was then added during constant stir-
ring. The precipitate, magnesium ammonium phos-
vhate, was allowed to settle overnight, removed by
nltering, dissolved in 6 drops of concentrated
t{.S80),, and made to volume with water. Magne-
an was determined by titrating an aliquot of this
-olution against a standard EDTA solution using
e indicator Eriochrome Black T.

{otal phosphorus was determined by the colori-
~etric method of Fleischer ef al. (1958).

Plie transition clements nickel, muangancse, co-
balt, copper, iron, and zinc were determined colori-
metrically by methods described by Sandell (1959).
e clements were initially separated by selective
clution of their chloride complexes from an anion-
exclhiange. resin. Kraus and Moore (19353) have
shown that the chloride complexes of the transi-
tional clements nickel through zinc are adsorbed
-mto a strongly basic anion-exchange resin (Dowex
Piand are selectively eluted at different molarities
+ HUL Following the same principle, Joyner and
¢ lakravarti (1960) suggested technigues that were
tplied to these samples.

Protein nitrogen was determined by the Kijel-
i micthod,

Fat was determined by a modification of the
Johuson  method ¢ Winton and  Winton, 1945).
Mcthylene chloride was the extracting solvent.

Ash content was determined as the nitrate form
by drving an aliquot of the ashed sample to con-
stant weight,

Moisture content was caleulated from the wet-
wewht o dry-weight ratio,

“otal carbohydrate and like substances were esti-

wted by subtracting moisture, fat, protein, and

¢ irom the twtal solids and calculating the car-
wvdrate content by difference,

(5

RESULTS AND DISCUSSION

Table 1 lists the components of the 24-hr
food rations collected at Rongelap Island.
Tables 2 and 3 show proximate composition
and trace-element content of the rations, and
Tables 4 and 5 present levels of radioiso-
topes. Results are given on a percentage or
unit weight basis (Tables 2 and 4) and as
amount for total Jiet (Tables 3 and §). The
former basis permits comparison of the
relative composition of individual rations
and ficilitates evaluation of the contributions
made by specific items in each diet; the
latter basis shows the actual amounts con-
sumed in a 24-hr period. '

In evaluating the chemical constituents
consumed by an individual in a 24-hr period,
the gross weight of the total diet is of much
importance. By comparing the proximate
chemical composition on a percentage basis
with the published chemical composition of
some of the items constituting the samples,
it is possible to account for the variation in
moisture. fat, protein, carhohvdrate and ash
content of the ditferent diets.

Since information on the nutritional as-
pects of the Rongelapese diet is limited. com-
parison of the data with data for other areas
is probably not meaningful. The gross per-
centage composition indicates that the diets
are generally low in fat, protein, and ash but
fairly high in carbohvdrate content.

When the data in Table 3 are compared
with the recommended daily dietary allow-
ances published by the Food and Nutrition

Joard of the National Research Council, the




CHEMICAL COMPOSITION OF THE RONGELAPESE DIET

24:hr rations of the Rongelapese appear to
be generally below the level recommended
for protein. Since fat allowances are based
Mo e Padats vl on phy siological
requirements, no detinite conclusion can be
drawn about the apparent low fat content of
thes diete The Balitar of e Reneclag o
peoen Y dues ot demand o figh-energy
dict. which uay partially justifv the lower
fat intake,

The calcium content of the 24-br ration

seems to he much lower than the suggested
TCTRNG Loglarenoont o cNatrinonad Dita,
1938). Om the same basis, the magnesium
levels seem to be adequate but the phos-
phorus levels are far below what is neces-
sary to maintain a proper. calciuvm-phos-
phorus halance m a good diet. The sodium
levels appear to be slightly below the normal
suggested intake levels, although no infor-

- mation is available as to the minimum daily

requirement of sodium. The potassium level
is lower than the sodium content, which is
generally the case in most diets. :
Kent and MceCance (1941 ) have suggested
that an ordinary adult diet will supply 0.3-
(1.3 mg of nickel daily. On the basis of these
values, the rickel content of the 24-hr Run-
gelapese rations appears to be higher than
usual in some cases. Nickel salts frequently
gain access to food from corrosion of nickel
vessels, and small quantities of nickel mayv
also be found in various manufactured foods.
It also mayv be that some of the native food
components are high in nickel content.
Basu and Malakar (1940) have suggested

that 4.6 mg of manganese are required per

day to keep an adult male in manganese
balance. On this basis, the Rongelapese fom}
appears 1o he low v anginess, e poers
age adult diet of good quality supphies 0.005-
0.008 mg of cobalt daily ( Harp and Scoular,
1952} ; in comparison the Rongelapese foad
crrears e fadrdy degh i cobain voneen
Tonmzett's (1934 balance experiments with
adult humans indicate a minimum copper
requirement as low as 0.6 mg daily. The
estimate of Chou and Adolph (1935 is 1-2
mg dailv. The Rongelapose diet ' detinitels
above the experimental minunum require-
ments given. The iron in the diet appears
to compare favorably with the minimum
daily requirement as suggested by the Na-
tional Research Council. Eggleton (1939)
has given normal daily food intake of zinc
as 12 mg. The Rongelapese food appears to
have large variation in zinc content, and on
the average is less than 8 mg daily.

The higher levels of cobalt-60 and zinc-45
are associated with each other and with
rations containing local fish. This is to be
expected since these isotopes are found pri-
marily in marine organisms (Dunning,
1937 1. The higher levels of strontium-90
and cesium-137 are found where local fruit
was consumed. [n general, higher levels of
strontium-90 are coincident with higher
levels of cesium-137. Coconut contributes
little strontium-90, and pandanus the most.

The average value for the daily intake of
strontium-90 is 83 puc, and for calcium
0.28 ¢. The average daily intake in terms
of “strontium uuits” (puc Sr¥0-g Ca) is
then nearly 300. This value is about three

Table 3. Radinisntopes in 24-hr ratioms from Rongelap T.dana.’

wue. 24 hr
Nample
1o, Co Zns Cs1a7 Sy uuc Sr%7g Ca
i 39+ 20° 67 =49 10000 = 100 142 =118 197 = 414
2 4220 1100 = 40 120 =127 1239 = 1216
3 830 = 34 49 = 48 613 = 1223
4 B3x19 2600 = 33 62 + 87 339 473
5 39+20 330 = 26 19.2 = 82 248 = 106.3
0 00 R 370 == 63 3500 = 63 14 =131 140 = 127
7 79+ 20 120 =30 2800 = 4 122 =114 0= 279
s 240 = 30 300 = 82 390 = 34 436 = 49 139 = 361
O 39 %19 0= 23 378 953 33l = 3238

* Caleutated {rom Table 4, wet-to-dry ratio, and weight of total sample.

¥ 0.95 counting error.
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times that of previous estimates (Dunning,
1957 Cohn et af.. 19601, Those estimates
were based on an estimated daily intake of
0.8 ¢ of calcium. or about three times the
value reported here. Thus. the significant
difference between this and previous values
refects a disemepancy hetween « heerved and
estimated calcium mtake. It is net -vithine
the scope of this report 1o enter o an
estimation of body burden, which has been
discussed in detail by Cohn o «l. (1960).
Flowever, it is of nterest 1o note that the
body burdeir as estimated from urinalvsis
data (Woodward of al., 1939 and discussed
by Cohne s consiztent with a discrimination
factor of four and a «Jdailv ntake of about
10 e =¥ g calerum. This would indi-
cate either that the diserimination factor is
greater than four or that these ~amples do
not correctly represent daily calcium intake.
In any case, 1t 1s obvious that continued
study of S movement at Rongelap Atoll
i3 necessary.

Rations containinyg the higher levels of
zine-63 also contain the higher levels of
stable zing, indicating that local sea ioods
may be the main source of zine in the diet.
Cesium-137,  strontumi-t¥), and  cobalt-00
show no definite correlation with potassium,
calcium, and cobalt, respectively, indicating
that these elemeuts are in large measure
supplied from imported foods.

With the current means of sanitation—pit
toilets and burial of garbage—on Rongelap
and Eniaetok Islets there must be a net ad-
dition of minerals. The chiet export, copra,
1s low in ash content as compared with im-
ported foods. .\ quantitative evaluation of
the addition would require comparison of
export and hmport records,
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