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In March 1934, S40 Marshallese inhabiting

the Atoll of Nongelap were accidentally irrad -

ated with fallout following the experment:!

explosion of a large nuclear device. They were
quickly evacuated to other atelis in the Marshal!

Islands due to contanunition of

thar home atoll, In 1937 their island was con-
sidered safe for habitation and a new perinanent

village was constructed for them. They were
returned there in July of that year. In addition,
a group of Rongelap people who were not ex-
posed to ruchution becuuse they were away

from the ishind at the tune of the accident,

returned to live with their fellow islanders on

Rongelap. Thix group has served as a com-
parison population for exuminations conducted

during the past two vears.

Extensive medical examinatious have been
carricd auton these peuple since their exposure.?&*
In order to attempt to explain the generally

Ingh incidence of eosinuphilia in these pcople,®
and in viewof the lack of reliable parasitologieal

information for the arca, an intestinal parasite

survey was conducted as part of the examinations

carried out in March 1938, four years after
exposure to radiation. Sixta-nine exposed and
JI2 nonexposed individuals were examined in
the intestinal parasite portion of this examina-
thon.

riidiauctive

Bevause general information concerning the
island is relatively sparse, we propose to present
here, in addition to parasitological information,
some background material so that the reader
may have an idea of the environment in which
the Marshall Islanders live, Most of this mate-
ral has been abstracted from “Military Gvog-

raphy of the Northern Marshalls’? and mucelof
owas confirmed by personal observations of the
authors.

* These surveys are carricd out by the Brook-
haven National Luboratory, with participants
fromother organiz:ations, and are under the diree-
tien of Dr. Rubert A. Conard of Brookhaven
ational Laboratory. They are sponsored by the

Atomic Pnuergy Cominission with the collabora-
tion of the Department of pees

Ediecution, and Welfare, Public Health Serr:

ayo RoW. CARVER

re, Commeunicuble Disease

, tanta, Georgia

GENERAL BACKGROUND

The Marsiiall Elands constitute a group of

low coral atells in the Pacific Ovean abuut 2400
niles west-southwest of the Hawanun Islands.

They extend north of the equator from 4° to

15°, and in an cust-west direction from I61° E.

to 172° E. Rongclip Atol! rs one of the most
northern of the gruup with approximate coordi-
nates of 11° N. by 166° E. The total area of this

atoll is 426 sq. miles of which only 2.5 sq. miles
are land. The population in 1954, when the fall-

out occurred, was about 100. At the time of

this survey, the populatiun wus not known
accurately but was probably aver 200.

Climute

Rongelap Atoll has a tropical marine climate
characterized by uniform temperature, high

humidity, cloudiness and wind. The mean

annual temperature is remarkably constant

at about 80°F with mean monthly temperatures
not varving more than 2°. The sunfight is intense
and the heat is uncomfortable in sunny places

sheltered from the trade wind. Mean relative

humidity is about SO per cent and is compara-
tively uniform throughout the year.

Most of the rain falls in moderate to heavy

showers of short duration during lute summer

and early fall. If a hurricane develops in the
area, several days of almost continuous rain may

occur. Annual mean rainfall in Rongelap ts
about 65 inches but there may be great varia-

tion from year to year. Although this does not
represent a dry climate as understood in conti-
nental regions, the special soil conditions on the
atolls result in a condition of semiaridity with
such levels of precipitation.

Terrain

The usual arrangement of an atoll is a reef of
varying width, irregularly ring shaped, enclosing

a basin of water called a lagoon. Most of the
reef is at or Just below water level, but at inter-

; Reo pede" lowvegetated islets of all sizes and shapes
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Fic. 1. Rongelap islet us seen from the Jugoon

may occur. Rongelap Atoll is approximately 20

by &* mules in its greatest dimensions, and

Rongciap islet, where the survey was performed,

is the Jaurgest in the atoll. The islet is several

miles long but only a fraction of a mile wicle. Its

highest prominence is probably Icss than 15

feet above sea level (Fig. 1).

Drainage and Water Supply

The “soil” on theislet is compos «! basicallyof
louse organ: limestone debris accumulated on

the reef surface. The material is course and

porous so thit drainage by percolation through
the ground is almost instantaneous. The amount

of humus from decaving vegetation varies from
place to place but nowhere ib it more then a thin

layer. There is normally no running or stance
surfuce water, The only naturally oecurrimng

fresh water is rainfall which i caucht on the

aluininum: reofs of houses and dramed ate

eisterns (Pig. 2). Ordinarily, there exist in these

coral islets, bodies of subsurface fresh water

known as Ghyben-Herzberg lenses, bat. so far

as we know, this source of water was not used

for drinking on Rongelap islet. There did appear

to be one well or pit where clothes were washed

but, for the most part, cistern water was used

for that purpose. Stored rain water is uscd with-

out chemical or other treatment.

Flora and Fauna

In general, the species of plaints making up

the vegetation are few ino number. Coconut
plantations form the dominant plant life on
Rongelap but, in addition, forests of other

types of trees or tall shrubs exist. Grasses of
various types are also found. The canopy in
these forests is not thick but considerable shade
is provided. An important physiological char-
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Fic. 2. Aluminumroof with dowuspouts lead-

ing into concrete cistern for catching rain water.

acteristic of the plants, is a hivh salt tolerance.
The windward sides of the islet are exposed to

continual drenching with salt spray, and the
size of Rongclap islet is such that probably all

of the soil is exposed to salt washed down by
rainwater from the canopy.

In keeping with the generally limited biological
potential of the isiets, the numbers and types of

land animals are small. The onty maimunals
(hesides man scen on Rongelap were pigs, dogs,

cats and wild rats. The three dumoestic species

are not numerous. The pos forage in and away

from the village, wherets the eats and dogs

stay around the bonuses. The wild) rat is a small

species Which Bees in the brush away from: hu-

nan habitation. Tt iuvades houses in search of
food Dut lives prinvipally on coconuts The only

other domestic gtdmak on Rongelap at the

time of the surves were chickens. These ranged

around the ville.

The other obvious land animals on Rongelap

are arthropods, of which the coconut crab is

probably the turgest. In general, insects, except
for flies, were hardly noticed. One was much less

conscious of them while he walked through the

forests on Rongelap than ino a wooded area
practicully anywhere in’ the United States.

Houseflies, however, were commonin the village.

They were persistent in lighting on bare skin

and were a distinct annoyance. Unlike house-
flies in the States, which can be caught by fly-

paper hanging from the ceiling, these flies al-
most never flew above table level except to

Belt on an individual, °
In contrast to the condition ori land, the sea

and lacoon teemed with living things. Many
varieties of fizh, crustacea and mollusks were
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Fic. 6. Village on Rangelup islet, bordering the

lagoon.
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tion on stilts.

 

7. Typical new howe showing construc.

the villice was situated on ce dagann side of

the islet (Fis. G!. The houses were new, baving

bern recoutiy provided by the American govern-
ment as the trust power. The houses are mostly

raised on stilts, leaving a space about 3 feet high

under the floor (Fig. 7). Much of the activity

around the house takes place in this shaded, dry
area, the house itself serves primarily for sleeping

purposes. Sanitary facilities consist of pit privics

sinilir to those in rural areas in the States.

Yhese are provided for each house or small
wroup of honaecs.

Family relationships are dificult to define
by the American system. Most inhabitants of

the islet are related to each other and families

frequently visit and eat with one auother. It
was common to distribute 6 or 7 cartons for

stonl collections to a single houschold. There
were Many cliktren and young people an Ronge-

lap. Doring the periad of the survey, school

was notin session and the children generally

played in urge groups. Older chifdsen commonly
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Fic. §. Children at play; note very voung child

in the group.

took care of the younger ones, including the
toddlers (Fig. §).

The Rongelapest dress ax the Americuns do tn

the same chimute, with the exception that a

higher percentage of them go barefoot They eat

flour, rice and canned foods in addition to fish,

eluins and other molusks, Local vecetable foods

are limited to eoconuts, taro tubers, breadfruit

and pandanus fruit. Phe istanders appear to be
well fed and generally are in good health. The

normal pattern of activity of these people,

which is concerned with coconut cultivation and

fishing, had been disrupted by the events of the
past few years. At the time of the survey they

had not vet entirely gone back to their usual
activities.

Although, as mentioned above, privies are

available around the houses in the village, it is

prohable that defecution is commonin the brush

by both children and adults. The practice of

morning defecation on the beaches belaw the
high-tide line appears to have disappeared

among the Rongelapese.

MATEREALS AND METHODS

The proceedures used for stool examinations

Were direct ¢xaminatious of suline mounts, using

MORRIS GOLDMAN AND R. KR. CALVER

the Beaver! methodfor standardizing the prepara-

tions, and formatin-cther concentrations.* One

stool specimen Wes examined per person. Cartons

were distributed in the evening with the request

that specimens be brought in the next day ut
any time. Asa result, most speciinens were exant-

ined within an hour after being passed. Ege

counts Were made on the Beaver preparations,

RESULTS

Infections found ie the two main groups

examined are tabulated in Table 1. For most

parasites the incidence mo exposed and non-

exposed) populitions was close euough to be

considered the sume. There were more infections

with small race Enftamecba histolyfica and with

hookworm in the nonexposed group, ancl nrore

infections with Trichomonas hominis in tho ex-
posed group. For the three major pathogens

found the over-all infection rates were: i, fits-

talytica, $8.26); hookworm, 3.400. Trichuris

trtchiura, 34.547.

Of the 69 exposed individuals, 40 had eosina-
phile counts of 5° or more, and 29 had counts

of less than 3¢¢. Amone the nanexposed indi-

viduals, there were 60 cases on whom both stool

examinations and costnoplite counts were avail-

TABLE 1

Relationship of radiation erposure to tufection

wrth titestinal parasites
 

 

| !
cranim | GS) | TRES!, toston

| I—|- J ee

Entanioeby kis- ;

tolytea. ooo... MA (20.397, 19 (16.9) [33 18.2)

Entamoeba hisx-

tafytica (small
ruce)..........{ 2 (2.9) [10 (8.9) [12 (6.6)

Entumoeha cali 125 (36.2) I35 (31.3) 160 (33.1)

Endolimnar nana \Ub (20.3) [35 (31.3) 149 (27.1)

Todamoeba  bat-

schlii. — 3 (2.7) 3 (1.7)

Giardia lamblia. .' 5 (7.2) 9 (8.0) jt4 (7.7)

Chitometstix
mesntli. eco... 4 (5.8) 4 (3.6) § (4.4)

Trichomonas

homints....... 24° (34.8) 130 (26.8) |54 (29.9) .

Hookworm...... 2 (2.9) 8 G.1) [10 (8.5)

Trichuris

trichfura. so... 21 (30.4) (HL (86.7) 162 (34.3)   No purasites..../EL (15.9) 130 (26.8) Ht (22.7)
 

* The figures in parentheses are per cent.
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TABLE 2

Relationship of eostnophilia to infection with intestinal helminths |
}

Exposed population Nonexposed population Combined population

Organism
Eosinophilia {No eosinophilia] Eosinophilia {No eosinophilia’ Eosinophilia jNe eosinophilia
(40 cases) (29 cases) (4 cases} (26 cases) (74 cases) (55 cases)

~_
1 '

T. trichtura ooo. eae. 14 (35.0}* 7 (24.1) 17 (50.0) 7 (26.9) 31 (41.9) 14 (25.5)

Hookworm. ........... 1 (2.5) 1 (3.4) § (14.7) 2 (7.7) 6 @.1) 3 (3,5)

No belmiuths.......---- 26 (65.0) 21 (72.4) 13 (38.2) 19 (73.1) 39 (52.7) 40 (72.7)

*" Tue figures in parentheses are per cent.

TABLE 3

Relationship of age of tndividuals lo infection with intestinal parasites*

Age of individuals (yrs)

Organism

1-5 (43 cases) 6-12 (30 cases) 13~20 (15 cases} 21-50 (56 cases) : Spdolder

E. histotytica......... 2 (4.6)T 7 (23.3) 2 (13.3) | 15 (26.8) & (17,2)

Eo colt. coca 10 (23.3) 10 (33.3) 5 (33.3) 20 (35.7) 14 (48.3)

EBL nena... eee, § (18.6) 4 (13.3) 7 (46.7) 18 (32.1) 9 (31.0) ‘

G lamblia............ 8 (15.6) 2 (6.7) 0 1 (1.8) 1 (3.4)

T. hominig........... 13 (380.2) Il (36.6) 3 (20.0) 17 (50.4) & (27.6)

Hookworm........... 1 (2.3) 1 (3.3) 1 (6.7) t 7 (12.5) 0

T. trichiura.......... 13 (50.2) 19 (63.3) li (73.3) 9 (16.1) 9 (31.0)

No parasites......... 17 (9.5) 3 (10.0) 2 (13.3) 11 (19.6) 5 (17.2)
|   
 

* Eight individuals whose ages were unknown are omitted frum this table.

t Figures in pareatheses are per cent.

able. Of these, 34 showed eosinophilia, 26 did
not, When the incidence of Trichurzs was deter-
mined in these groups, it was found that in both

exposed and nonexposed populations more of

the eosinopbila cases had Trichuris infections
than those with no eosinophilia (Table 2). How-
ever, about half of the cases with eosinophilia

showed no helminth infections at all.
In 11 of 17 Trichuris infections only one egg

was found in the Beaver preperation, The num-

ber of eggs in the remaining 6 ranged from 2 to 6.
Similarly, the hookworm burden waslow.

Because infection rates for both exposed and

nonexposed groups were similar, the following

analyses are based on pooled results for both
sTOUDs,

Table 3 presents the age distribution of infec-
tions found. E. Atstolytica was found in 4.6%
of 43 children 5 years old or younger. In the 6

to 12 year group, detected infections went up
to 23.3%. The highest incidence, 26.8%, was
found among adults in the 21 to 50 age group.

The other two intestinal amebas, Entamoeba

colt and Endolinar nana, occurred much more

frequently in the youngest ave group, 23.3 and
18.6%, respectively, and both showed increases
among the older individuals. Among flagellates,

the Giardia lamblia incidence was highest in the
young children and almost nonexistent after

the age of 12. 7. homints showed a high,relatively
uncbanged incidencein all age groups.

Of the two helminths found, hookworm showed

a steady rise in incidence with age up to 50,
from 2.3 to 12.5%. No infections were found

after 50. T. trickiura occurred in 30.2% of very
young children, 5 years or less, and in 66.7%

of the 6 to 20 year group. In the older age group,

21 to 50, the incidence dropped to 16.1%, nsing

again, alter 50, to 381%. -
Table 4 shows a breakdown of infections ac-

cording to sex, with a further division into two
groups, less or more than 13 years of age. Divi-

sion into the two age groups was made on the
basis that both sexes probably engaged in similar
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TABLE 4

Relationship of sex of individuals lo infection with tntestinal parasites*

Male Female

. :
Organism |

Uoder13years 13 and over (49 cases) Undigr13years 13 and over (51 cases ,

ee

E. histolytica ........... § (12.2)7 10 (20.4) 6 (18.7) 12 (23.5) |
DT. COLLeee eee 14. (34.1) 22 (44.9) 6 018.7} 17 (33.3)

E.nane..............05. 6 (14.6) 20 (40.8) 6 (18.7) 14. (27.5)

G. lamblia. ......-.-..4-. § (12.2) 1 (2.0) 5 (15.6) 1 (2.0)

T. homtinis......0.....005 14 (34.1) 11 (22.4) 10 (31.3) 18 (35.3) :

Hookworm.............. 0 6 (12.2) 2 (6,3) 2 (3.9)

TT. trichture. cc... cece ee 18 (43.9) 10 (20.4) 14. (43.8) 19 (87.3)
No parasiteg............. 9 (22.0) § (16.3) 11 (34.4) 10 (19.6)    
 

* Eight individuals whose sex was unknown are omitted from this table.

{ Figures in parentheses are per cent.

pursuits up to puberty, but that afterwards

their daily routines probably differed. Older
males had hivher or similar incidences than

older femuales for all parasites except T. frichtura,

of which incidence was about half as great in

males. Among younger males incidences tended
to be lower than among young females except
for BE. coli which was distinctly higher among

the males.
The only recent imformation available to us

on intestinal parasites in the Murshallese was
from a survey performed by the Medical De-

partment of the U.S.8. Whidbey in 1945-1950.

This report is deposited at the Bishop Museum,
Honolulu. Sugsr flotation was used to examine

the stools and this may account for the rather

low incidence of protozoan infections found.

In that survey individuals were examined from
many atolls of the Marshall Islands, but the
over-all picture for helminths was similar to our
findings, namely: hookworm, 6.89; Trichuris,

11.09; and Ascaris, 0.3%.

DISCUSSION

Although differences in incidence of various
parasites occurred in exposed and nonexposed

groups, there is no convincing indication that
radiation had anything to do with the variations.
In most instances differences can be accounted
for by sampling errors in the relatively small
number of cases studied. In addition, the two
groups are not precisely comparable. The non-
exposed “control” group consisted of individuals
who lived on different islands before joining the
exposed population of Rongelap. Environmental

Ui2 iil.C
r
i

sanitation wus not necessarily the same for th

two groups.

The environment on the coral atolls and th.

customs of the inhabitants are such that it wa

not expected that any trematode or cestod:

infections would be found. However, the com
plete absence of Ascaris in the face of a 34.3¢

incidence of Trichurés was unexpected. Lif:
cycles of both these nematodes in the externa

environment are such that they are frequent!:

found together in other areas. The history o
Marshallese association with other peoples

Europeans, Japanese and Amencans, make

it likely that they have been exposed to Ascerts
Thus, one is led to the possibility that the exter

nal environment on Rongelap Atoll may b&b

unfavorable for Ascaris even though very suit
able for Trichuris. We were not successful u

obtaining stools from any of the few dogs or
the island in order to check for dog ascarids

Several dried pig droppings were examined a
one time and no Ascaris was found in them
However, in the absence of more epidemio
logical and experimental information, one cat

only euess as to the reasonsfor the lack of Ascaris
Soil moisture, salinity, pH, porosity, etc., may

all play some part in this unusual picture.
The fact that half the cases with eosinophil:

showed no helminthic infections at all suggest.

that there were other significant factors causiny
this blood picture besides parasitic infections

Os the other hand, the greater incidence o
Trichuris among patients with eosinophil:

than among those without eosinophilia, indicate.
that infection with that helminth was probabls



    4 contributing factor in the incidence of eosino-
phils.

It is obvious from the high incidence of parasi-

tism in sll age groups that fecal contamination

is widespread and that infections begin to be
acquired early in life. Although individual

Marshallese are generally neat and clean locking,

their simple sanitary facilities and rural life

make it likely that fecal contamination is 4

continuing affair. The concentration of Giardia
in children conforms to the usual picture for

the incidence of this parasite. It would be unwise
to ascribe special reasons for differences in

infections between the sexes. Not enough indi-

yiduals were examined, differences show no

simple pattern, and the unsettled living condi-
tions of these people during the past few years

und ubteily has upset their usual daily routine.
The findinzs of the U.S.S. Whidbcyare similar

to ours in the almost complete absence of Acsaris

and in the hookworm Jevel. We found about 3

times as many Trichuris, but this may have
been due to better examination facilities and

opportunities. The low incidence of Ascaris

on these Islands contrast with the high rates
reportcd by the Whidbey for Saipan (44.2%)

and Palau (16.8%). It would seem that a real

biological phcnoienon is indicated by the
Ascaris/Trichuris ratio of the Marshalls versus

the rest of the “nearby”islands.

SUMMARY

1, A survey is reported of intestinal parasi-
tism occurring in 69 Marshall Islunders exposed

to radioactive fall-out four years previously.
This is compared with parasitic infections ac-

curring in 112 nonexposed Marshall Islanders.

2. No significant difference was found be-
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tween the two groups. The over-all rates for
Entamoeba histolytica, Trichurts trichtura and
hookworm were 18.2, 34.3 and 5.5 per cent,

respectively. No other important parasitic patho-
gens were found. Infected individuals generally
had low worm burdens and noneof the amebiasis

cases showed clinical symptoms attributable
to this infection.
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