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PREFACE

The atomic energy weapons testing program, initiaﬁed with
the detonation of the "Trinity" shot in New Mexico in 1945 and
continued subsequently at Bikini, Eniwetok, and Nevada, has
resulted in contamination of the test sites with varying amounts
of radioactive materials. Some of these radioactive materlals
are absorbed or adsorbed by animal and plant life. To gain an
understanding of the nature of such contamination, fileld studies
in the test areas are essential. In the tests conducted at
Bikini and Eniwetok the conditions are nearly ideal for study

of the contamination of an aquatic environment. The Applied

Fisheries lLaboratory has been interested in the problems pre-
sented by disposal of radioactive wastes into water since the
United States atomlc energy program was lnitiated. Fileld studies
have been conducted by the laboratory at Bikinl and Eniwetok
since the inception of the test programs at these two atolls.
The data from these studies 1is recorded in & number of reports
prepared for the Atomic Energy Commission. A list of the re-
ports is attached in the Appendix.

To complete & project such as the Marine Survey of Enive-
tok Atoll for the purpose of evaluating radiologlcal cocntamin-
ation requires the combined efforts of many persons and organ-
lzations. We are not able to acknowledge the help and counsel
of all those who alded US but of especial help were the members
of the A.E.C. Division of Biology &and Medicine staff in the

Washington office. The A.E.C. personnel at the Hanford Works, in
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particular Mr. Kenneth Englund, were most helpful. The admin-
istrative staff of Opersation Ivy, especially Capt. Duncan Curry
and Col. P. L. Hooper, provided the support needed to carry out
the operations 1n the field. Comdr. J. H. Barker, Jr., U.S.N.,
acted as llaison officer; his services were invaluable in the
pre-operatlions planning, procurement of supplies, shipping of
material and arranging for transportation of personnel and
equipment. The officers and enlisted men of the QOakhill (LSD-7)
suppllied the necessery assistance fcr our operations and in many
ways made our work and stay in the area enjoyable. We owe them

our thanks.
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ABSTRACT

The Marine Survey Unit had as its major objectives (1)
the measuremeﬁt of the residual radiation of Eniwetok Atoll as
found in the living organisms as a result of previous weapons
tests in this area, and (2) a resurvey of the area, following
the Mike shot, to determine the change in amounts, kinds, and

distribution of radioactive materials.

The field data were collected by a party of seven special-
ists who spent the time from October 20 to November 11, 1952,
collecting plankton, algae, rats, birds, fishes, plants and
invertebrate organisms. The material collected was frozen for
storage and shipment back to the Applied Fisheries Laboratory
where it was identified, dissected, weighed, ashed, and the
amount of radiation measured as disintegrations per minﬁte per

gram of wet sample.

The pre-test survey showed measurable amounts of residual
radiation on and in the living organisms collected from the
stations along the eastern and northern portion of the atoll.
Following the Mike shot the radiation level increased manyfold,

especially along the northern and western portions of the atoll.

It was found that some of the organisms collected and
studied had been exposed to sufficient external and/or internal

radiation to eventually damage or destroy them.

Subsequent studies should determine the biological half
life of the materials contaminating the‘area, their shift in
position with the currents, and the results of the contamination

from radioactive materials upon the living forms of the atoll.
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1. OBJECTIVE AND BACKGROUND

For Operation Ivy, the Marine Survey Unit, Project 11.5
of Task Group 132.1, had as a major objective the evaluation

of the contamination of 1living organisms following the Mike

shot. An investigation of the residual radiation contamination

of the fauna and flora of Eniwetok Atoll from the previous
weapons tests was also undertaken.

As Eniwetok Atoll has been used for several tests of
atomic weapons since the last resurvéy by the Applied Fisheries
Laboratory group in 1949, 1t was essential to establish the
level and kinds of residual radiation from the previous tests
before the detonation and resultant contamination of the Mike
shot. The data on the pre-shot contamination were obtained
from samples of flora and fauna of the atoll ahd lagoon. 1In
addition to the data accumulated on the level of radioactive
_contaminétion, it was nécessary to determine the condition
of the animal and plant populations in the areas chosen for
sampling stations. The exﬁensive construction program on the
atoll since 1949 changed‘not only the surfaces of the 1slands
but also modified many of the marine areas.

Followihg Mike shot the studles were directed to the
evqluation of: '

1. The determination of the extent of the area contam-

inated.

2. The nature and kinds of the rddio&ctive materials

found in the varlous areas.

. l¢#‘§
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3. The amount and kinds of radioactive substances absorbed
or adsorbed onto the plants and animals.
4., The more immedlate effects of the Mike shot upon the

plants and animals.

2. OPERATIONS

To carry out the field pqrtion of the operations, represent-
atives of the Applied Fisherlies Laboretory, University of Wash-
ington, spent the period from October 20 to November 11, 19502,
at Enlwetok. Fleld parties left the group headquanters on the.
O0akh111l (LSD-7) each day for the collecting stations about the
lagoon.

Collections were made by specialists in each of the several

fields.
Kelshaw Bonham Invertebrates
Edward E. Held Invertebrates
Frank G. Lowman ’ Instrumentation and

land vertebrates

Ralph F. Palumbo Aquatic and land plants
Allyn H. Seymour Plankton and water samples
Arthur D. Welander Fishes

~ ILauren R. Donaldson Project leader

The final processing of the material and the analysis of
the data were accomplished by the combined efforts of the entire

staff of the Laboratory. ZEach of the several specialists

- 3 -
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supervised the work in his field of specialization and sum-
marized the results for inclusion in this group report.
Dorothy South was responsible for doing the chemical analyses
on selected Spgcimens of sand, soil and biological samples.
The work on ébsorption and decay curves was handled by Paul

Olson.
2.1 Areas Sampled

The locaticns of the collecting stations are shown in
Figure 1. There were 7 major statlions, 6 of which were
approximately the same as those visited in 1948 and 1949
and the T7th, Bogombogo-Bogallua, was 2 to 3 miles west of the
Mike test shot 1sland. The same areas from which collections
were made before the test were revisited after_the test where
circumstances allowed. Collections of fish, invertebrates
and algae'vere generally made on the lagoon side from the
intertidal zone down to a depth of about 12 feet. Occasionally
the sampling area was extended to the oéean side of the col-
lecting statlion, especially if there was a scarcity of speclmens
on the lagoon side. Terrestrial plants and animals were
gathered from the islands and, while the reef and island
collections were being made, plankton towing, dredging and
water sampling operations were being carried on in contlguous
waters. These operations on occasion extended 2 or 3 miles

from the area of reef collections.

-4 -
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ELUGELAB (FLORA)
MIKE SITE

BOGOMBOGO (BELLE)
BOGALLUA (ALICE}

AOMON (SALLY)
8lJIRIL (TILDA)
ROJOA (URSULA)

AARAANBIRY (VERA)

RUNIT (YVONNE)

RIGILI (LEROY)

S JAPTAN (DAVID)

PARRY (ELMER)

Nautical Miles
o] 1 2 3 4 5

O -PRE-TEST STATION
® -POST TEST STATION

ENIWE TOK (FRED)
IGURIN (GLENN)

FIGURE |. PRE AND POST TEST COLLECTING éTATIONS , ENIWETOK ATOLL |
OCTOBER -~ NOVEMBER 1952
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2,2 Time of Collections

Collections were made both before and after the Mike
test of November 1. The pre-test samples were collected from
October 21 t0‘2é, and the post test samples from Novemﬁer 3
to 10. The collecting détes and distances from Mike shot by

islands were as follows:

Bogombogo-~ Aomon
Month Japtan Igurin Rigili Bogallga Fngebl Aarasn. Runit
Pre Oct. 21 28 27 25 24 23 22
Post Nov. 3 4 5 8 8 7 6
Nauticel

miles from
Mike shot - 183 194 14

ro
Vi
¥
(W)
n
Nj~
-3
M=
]
\O
s
[
N

3.  METHODS
3.1 Preservation of Specimens

Al) biological material with the exception of plankton
and rats, that was to be used for radiocactivity analyses was
placed on ice in an 1nsulated container as it was éollected.
After return to the 0Oakhill the collections were packaged in
cellophane bags,.labeled, and moved to a deep freeze box for
freezing and storage. During the air flight from Eniwetok
to Seattle the specimens were transported in an insulated
container with dry ice. The specimens arrived at the
University of Washington laboratory in a frozen condition

_6_
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and were immedlately stored in a deep freeze unit where they
remalned until time for processing. Algae and plants that
were to be used for autoradiographs or as herbarium specimens
vere dried and pressed in the fleld. All plankton samples,
as well as fisﬁ and algal specimens, that were to be ﬁsed for

identification were preserved in 4 percent formalin.
3.2 Ashing

The samples were ashed and plated in much the same manner
as previously described (AECD—B##GY% Briefly the procedure
vas as follows: (1) Fish, 1nvertebrates; birds, rats and
lend plants were dissected and approximately one-gram samples
of various tissues were placéd upon weighed 14-inch stainless
steel plates. Wet sample weights depended upon the amount of
tissue avallable and the activity of the samplé as determined

by survey meter at the time of dissection. The mean sample

weight of 145 randomly selected samples was 1.17 ¥ .074 grams.*

(2) The plates with the wet samples were placed in a drying
oven at 97°-999C for 12 to 24 hours. (3) They were then
cooled in a desiccator and dry weights determined. (4) The
plates were next moved to the muffle furnace for about 12
hours, duriné which time the temperature was gradually raised

to 300°C then more raplidly to & maximum of S550°C, except for

*In this report the value following the mean is the standard
error.

..7-

B R g

s A S



clam shells and corals which were held at 600°C for thirty
minutes. (5) After cooling, the ash was slurried with

ethyl alcohol and a clean glass rod to distribute 1t evenly
on the plate. Followiné drying, a weightless amount of form-
var, in a é-percent solution of ethylene dichloride was added
to prevent ash from being blown off the plate. After drying

under a heat lamp the plate was ready for counting.

3.3 Counting

The samples were counted in two Nucleometer internal
gas flow (pure methane) counting chambers. '

Counting time. A compromise was made aé to length of
counting time, since there were many plates to be counted,
only two counters were avalilable and it was desirable to keep
the cofrection'factor for decay to a minimum. The counting
time for each plate was determined ﬁy its approximate count-

ing rate, including a 50 c/m background, in accordance with

the following schedule:

Counting Rate (c/m) Counting time (minutes)

{500 ' 20
500-1000 10
1000-2000 5
>2000 _ 2

The counting period for practically all samples collected

after the Mike test (Nov. 1) was from November 24 to December 12.

Most of the samples from the pre-test collections were counted
-8 -
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after this period but before the end of December. During
this period a 24-hour day, T-day week counting schedule was
maintained.

Distribution of Counts. The statistical dlistribution

of sample counts appeared to be of a logarithmic or log-log-
arithmic nature. To further investigate the type of distri-

bution two serles of counts of 100 samples each of unashed
post test Engebl sand were made. 8and in a jar was dried in
the oven and mixed. Sampling cups for the two series held
6.1 + .05 mg (n « 100) and 2990 + 3 mg (n = 32), respectively.
The small sample seriles was counted in the Nucleometer for

10 minutes per sample and the large samples in the end window

counter for 1 minute each. The frequency distribution of
the actual counts of the small samples was strongly skewed

(Fig. 2, upper) but was approximately normasl for the logar-

ithms of the logarithms of these counts (Fig. 2, middle).
For the large samples (Fig. 2, lower) the mode of the observed
values was still to the left of the mean but the distribution
wvas more nearly normal. It would appear that the distribu-
tion of counts 1s strongly skewed to the left when the chance
of occurrence of "speck" contaminatlion (see Section 4.9.1) 1s
emall, but as the number of specké increases the distribution
approaches the normel curve. For bilologicel samples, espe-
clally those with "surface" contamination, the distribution
of counts could be expected to be similar to those of the
sand samples.

Unit of Measurement. The unit of measurement for re-
cording radiocactivity is disintegrations per minute per gram

(a/m/g) of wet sample (unless otherwise noted) although

-9 -
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Figure 2. Histograms showing frequency distributions of counts of
radioactivity of Engebi beach sand.
Upper, counts for 100 small (6 mg) samples.
Middle, logarithms of logarithms of the same counts.
Lower, counts for 100 large (3000 mg) samples.
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it 1s realized that the actual disintegration rate is not
practically attained. The actual disintegration rate was
approximated by correcting the gross sample counts for back-
ground, sample weight, geometry, backscatter, self-absorption,
coinclidence and decay. Since it 1s desirable to express the
amount of activity per éample in a weight unit comparable to
that of living organism, wet welght was selected in preference
to dried or ashed welght. Ngturally the activity per unit-
of wet weight 1s lower than per unit of dried or ashed weight;
Significant Figures. Results have been recorded to two
significant figures although three figures generally were used
in the computations. The number of significant figures in
the final answver was limited by the number of significant
figures in the least accurate value 1n the computation. One
source of limitation in the post test samples was the correc-
tion factor for decay which was changing approximately 4 percent
per day and which was applled no closer than to the day the
sample was counted. Another limitation occurred in the weight
of the ash used to determine the correction for self-absorption.
Samples were welighed to the nearest milligram and often the
ashed welght was less than 100 milligrams and occaslonally
less than 10 milligrams. Also, the correction factors for
backscatter and for geometry were not determined more accur-

ately than to two significant figures.
3.4 Correction Factors

Geometry. Geometry 1s about 50 percent for an internal

(AL SS ek e



gas flow counting chamber. Hence the correction factor was
approximately 2.0.

Backscatter. Backscatter was previouslj determined for
P32 in our Nucleometers as being 30 percent (see p. 24 of

AECD-3446). The same correction factor, igg - 0.77, vwas
o

used again this year.

| Coincidence. The loss of counts due to coincidence was
determined emplirically. Smgll amounts of P32 wvere dried on
tinfoil and the pieces of the P32 tinfoil, for which the
counting rates had been determined, were placed one at a
time side by side on the counting plate. After each piece
of the P32 tinfoil had been placed on the plate a count was
made. The expected count, which was the sum of the individual
counts, was divided by the observed count to determine the
correction factor. For observed counts less than 80,000 ¢/m,
no correction was made for coincidence; for counts of 80,000
to 160,000 per minute, the correction factor was 1.01; for
counts of 382,000 to 392,000 per minute, the correction
factor was 1.07. Correction factors were also determined

for intermediate valuez. For small corrections the counting ‘

n
1-nt

held true (N = true counting rate, n = observed counting

rate as determined theoretically from the formula N *

rate, and t = recovery time of register = 5 microseconds).
Background. The background values were determined by
interpolating between background counts at the point (i.e.,

time) when the saﬁple count was made. Usually about five

- 12 -
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20-minute background counts were taken during a 24-hour period.
From November 24 to the end of December, 127 background counts
wvere made with counter No. 185, and the mean value was 50.25
c/ﬁ with a\Standard deviation of 2.63; for the other counter,
No. 184, 135 background counts were made during the same per-
iod with & mean value of 53.51 ¢/m and a standard deviation of
3.84. These background values are less than those recorded in
the 1949 report because the counting chambers are now shielded
with two inches of 1lead.
| Decay. At the time of counting, the post test samples
wvere decaying at an appreciable rate. Therefore these samples
vere corrected for decay and the date to which they were cor-
rected arbitrarily chosen as December 1, one month after the
Mike test and also near the mid-point of the counting beriod
for these samples. Although the activity of the samples is
corrected to that of December 1, the distribution of activity
is that of the date of collection, November 2 to 10. In the
period lmmedlately following the shot the activity in the or-
ganisms would be expected to vary greatly within short pefiods,
due to changes in geographical distribution of the radiocactlve
materials and to length of time of exposure of the organisms.
The curve from which the correctlon factors were deter-
mined was the decay curve for a sand sample that had been
dredged from Rojoa and Aaraanbiru on November 7 at a depth of
30‘feet. The principal reason for selecting thils curve was that,
by inspection, the "composite" of 91 decay curves from various

types of organisms and tlsgsues closely resembled the sand

- 13 -



curve and, of the two curves, the data for the sand curve were
more extensive and fitted more closely to a curve of low degree
(see Fig. 3). However, there were a few curves that departed
significantly from the sand curve and those are 8lso shown in
Figure 3. The decay correction factor was determined by divid- -
ing the velue on the sand curve for December 1 by the value on
the sand curve for the day the sanple wes counted. The range
of these factors was from 0.68 for November 24 to 1.51 for
December 12.

The samples from the pre-test collectlions werg not cor-
rected for decay since the change in counting rete during the
period the samples were counted was slight. Maximum correction
factors would have been about 1 percent. For differences be-
tween pre and post shot decay curves see Figure 3.

Self-ebsorption. This year sample counts were corrected
for self-absorption. In 1949 no correction for self-absorp-
tion was determined but an attempt was made to keep the ash
on the plate thin and constant 1n amount. Although 1t was
recognized that the types and the proportions of Iisotopes
varled from sample to sample, the decay and mass absorption
curves (see Figs. 3 and 1) indicate that the sand sample
approximates the mean of all the curves. Hence the same sand -
that was used to determine the correction factor for decay
was also used to determine the self-absorption correction
factor. A few of the actual values, based on the total weight

of ash on l3-inch plate, are as follows: 100 mg, 2.6;

- 14 -
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A= ALGA, CAULERPA
B = PLANKTON

C = SPONGE

D = DREDGED SAND
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Figure 3. Decay curves.
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A= ALGA, CAULERPA

16°1 ' B= GIANT CLAM, VISCERAL MASS
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Figure 4. Mass Absorption'curves.
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300 mg, 4.0; 600 mg, 5.2; and 1100 mg, 6.9. The average
self-absorption correction factor from 135 randomly selected
plates was 2.23 I 0.023.

Total correction factor for 68 pre-test samples .was

3.93 2 0.21, and for 64 post test samples was 5.98 ¥ 0.62.

4. RESULTS AND ANALYSIS OF DATA

The reliability of the results of certain average values
as used in this report to express thé radioactivity of a group
of organisms 1s subject to the following considerations:

(1) Non-random selectlon of specimens. In the field,
collection of specimens was directed towards obtaining certain
species at all stations, 1if possible, and supplementing this
collectlon with whatever other specles were available. When
a large number of a single group of organisms was available
only & small percentage'of the specimens was collecfed, where-
as all of the specimens may have been collected for another
group of organisms which were less abundant. Hence, the speci-
mens are represented qualitatively rather than quantitatively
in the fileld collection and also in the samples used for count-
ing.

(2) Random selection of tissueé. In some instances the
activity of pre-shot invertebrates for a collecting station
vas estimated by averaging all the samples counted irrespec-
tive of tissue or species. Such an estimate 1s an average of

plate counts and not an average of the pre-shot invertebrates.

-7 -
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For some of the fish the total activity of individuals was
determined, not by randomly selecting by tissues, but by
using weighted samples of all tissues. The activity of the
group (fish) was then determined by averaging the values for
the individuals. Although the two methods for determining
the group average differ in the degree of refinement of the
data, one viewpolnt 1s that the method used for the pre-shot
invertebrates adequately describes the trends and that for
these organisms further refinement is not warranted because of
the nature of the errors in the data.

(3) Variance of sample counts. Variance both within
groups and between groups was often great. The greatest var-
lance and also the highest specific activity were found in th
those tissues with radioactivity from "surface" contamination,
e.g., algae in the digestive tract of fish, sand in the gut
content of the sea cucumber, algae growing on the carapace of
the crab, or fallout particles on the surface of land plants.
On the other hand the radiocactivity of tissues with absorbed
isotopes only, such as muscle, bone and liver, was less var-

usually
iable and was/lower. Consequently, it is believed that the
greatest cause of varlance in the sample counts was due to
the amount and type of food in the digestive tract and/or the
materials on external surfaces.

(4) Number of items in a sample. Small samples resulted
from breaking down the collection into small groups such as

species. The combination of a few samples and a large value
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for the variance considerably impairs the reliability of
results.

In view of these considerations, the best estimate of
the absolute value of the redioactivity of a group of organ-
isms at a collecting station is an average of the values for
the 1ndividua1 organisms. However, for comparison of activi-
ties by collecting stations the best estimate is made by
comparing similar species and tissues. Because the variance
both between and within specles was often great and the
number of samples‘was limited, the most that can be obtained

from these data 1s trends and certain relative values.
4.1 Water Samples

While the land and reef collections were belng made,
the "M-boat" that had transported the field crew from the
0akhill to the collecting station was used for dredging,
rlankton towing, and water collecting in contiguous waters.
Because of the expected difference in specific activity, the

volume of the pre-shot water samples was 6 liters and of the

post shot samples, 3 liter. The samples were collected with

a Foerst-type water bottle.

Sample Preparation. Since it was 1mbractical to bring
six~liter water samples to the laboratory for processing, a
precipitation method was used in the field for the pre-shot
samples and only the precipitate was returned to the labora-

tory for counting and.analysis. The procedure used in the
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field was determined from experimentation in the laboratory
with "spilked" sea water samples and in geheral vas a double
preciplitation process in which most fission products were
brought down in a ferric hydroxide scavenge. Calcium and
strontium wvere precipitated as oxalates. The specific pro-
cedures are outlined in the Appendix.

Results. Results are presented in Table 1. It 1is to
be noted that the values in this table are in terms of milli-
liters of water sample and that the disintegration rate is
as stated and not in thousands as has been used in other
tables in this report. Also the values for both the "Fe(OH)3‘
scavenge" and the "Ca-Sr oxalate", even though small, have
considerable relliability because the values have been based
on large samples. The total sample activity was divided by
the number of milliliters in the sample, which was 6,000 for
the pre-test samples and 500 for the post test samples. The
values for "whole sample" (post shot) were based on & 3-milli-
liter sample that was withdrawn before precipitation and hence
would be expected to be less rellable.

From inspection of Table 1 thefollowing concluslons can ‘
be drawn. For the pre-test samples radioactivity of the
Bogombogo sample was considerably greater than for other-
stations. Why it was greater is not known, but activity of
plankton sampies was also greatest from this station. There
wvere small but measurable amounts of activity in water samples
from other stations. For the post test samples the amount of
activity in the samples was closely and inversely related to

. i3 I N ;,di~
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ISLAND

Japtan

Igurin

Rigili

Bogombogo
‘and
Bogallua

Engebi

Aomon
and
Rojoa

Runit

S
B
8
B
S
B
5
B
S
B
S
B
S
B

S = Surface
B = Bottom

Table 1 - RADIOACTIVITY OF WATER SAMPLES

PRE~-TEST
Sample Fe(OH)
depth scavenge

Bge
VAL 0,01
0.07
621 0.04
0.35
451 11
0.02
55t 0,04
0,01
84! .02
0,13
20! 0.25

d/m/ml

Ca~Sr
oxalate

0,05

0,26
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POST TEST
" Sample Whole Fe(OH)B Ca-Sr
depth sample scavenge oxalate
25, 0.09 0.8

4! Bg. 0.17 Bg.

A 16, 032 0.20
601 Bg.' 0,72 0.14
| 19. 243 0.83
55¢ Bge 1.8 0.66

350. 96, 18,

251 330. 92, 16,
46, 20. © 267
251 70. 22, 3.1
Bg. 50 1.0
251 Bge. 7.0 1,0
40, 084 0.35
20 Bg. 0.04 0,22



distance of sample from test site. For stations nearest the

test site, values for the post test samples were several hundred

times greater than for the pre-test samples. Since the counts
of "Fe(OH)3 scavenge" and "Ca-Sr oxalate" do not equal the
count of "whole sample" evidently all of the radioactive
materlals were not removed by these processes.

A rain vater sample was collected 33 hours after the
Mike shot in the lagoon off Eniwetok Island. A 450-cc sample
was evaporated and counted on November 4, 87 hours after Mike,
using a Victoreen survey meter with a one-inch end wiﬁdow
tube, window thickness 1.8 mg/cmg. The maximum count was

10,000 per minute.
4.2 Plankton

The plankton nets were % meter in diameter and 2 meters
long. The anterior section was cylindrical, the posterior
section conical with a detachable net end. The plankton tows
vere made in pairs, at the surface and during daylight hours.
One net of each palr was constructed with No. 6 silk (74
meshes per inch) and the other of No. 12 silk (173 meshes per‘
inch). Towing time was usually one hour and the distance
towed was about 1% miles. Catches of plankton were small.
Exclusive of jelly fish the greatest volume of plankton in a
one-hour tow was 28 cc. This value was obtained by decanting
and measuring the preservative and then subtracting this
amount from the volume of preservative and plankton.

A gross examination of the types of organisms present

W F e
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in the catchea was made to determine if the difference in

counts between net hauls and between statlons could be accounted
for by the type of organism in the catch. Although the catches
varlied considerably both quantitatively and qualitatively,
there was strong evidence that activity of the samples was
not associated with the presence of any one group of organisms.
Autoradlographs of & dried plankton sample showed that the
activity was usually associated with inesnimate ob jects, but
even wvhen the organisms were actlve the association was not
with any one particular group (see Section 4.9.1). Further
evidence was obtained from the paired hauls, in which the
activity of the samples often varied but the composition of
the catch was similar. For example, -the catch in net B and
net D at Bogallua appeared similar in composition - foraminif-
erans princlipally, and some snails, copepods and & few
miscellaneous eggs and arrov worms - but the sample from
net B wés 7T times more active than the sample from net D
(1,160,000 d/m/g + 155,000 d/m/g). Since net B was of finer
mesh than D (173 and 74 meshes per inch respectively) it might
be thought that some small rédioactive organlsm was escaping
the D net and was being caught in B, but microscopic examina-
tion of the catches did not demonstrate this to be true. It
1s believed that the fine-meshed net was more efficlent in
capturing suspended, inanimate radioactive particles.

Results. The radioactivity in plankton samples is
‘recorded in Table 2. R TR
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Table 2 - RADIOACTIVITY OF PLANKTON SAMPLES
Thousands of d/m/g Wet Sample

PRE-SHOT | POST SHOT

Island Net Net Net Net

A or B D A or B D
Igurin 0.79 1.1 140 34
Rigili - 1.3 T1 19
Bogallua 1100 160
Bogombogo 2.9 2.4 '
Engebi 0.31 0.28 - -- --
Ro joa 0.34 0.10
Aaraanbiru 100 24
Runit 0.12 0.11 48 ' 67

Nets A or B: #20 silk, 173 meshes per inch
Net D: #6 silk, 74 meshes per inch

- 24 - - e
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From inspection of Table 2 the following conclusions

are made. There were measurable amounts of radioactivity in
all the pre-shot samples, especially those from Bogombogo.
For simllar aresas, the post shot samples were more radioactive
than the pre;test samples by 200-300 times. The post shot
samples from Igurin were higher than those at Rigili, Aaraan-
biru and Runit, which were closer to the shot island. Usually
the catch 1n the fine-meshed net was considerably more radio-
active than the catch from a coarser-meshed net for paired
hauls from the same station, especislly in the post shot samples.
Some radloactivity was also found in the plankton preser-
vative, The activity of the preservative from the Bogallua
collection that was filtered through No. 42 Whatman paper was
10,000 d/m/cc as compared to 11,000 d/m/cc for the unfiltered
sample. The plankton for the same sample was 100 times greater
(1,1oo,odo'd/h/g wet). The activity of the preservative sug-
gests that some radiocactive isotopes associated with the plank-
ton are partly soluble in a 4 percent formalin solution or

that some of the adsorbed particles are washed off the organisms.

4.3 Algee

The algae collections included five specles of blue-green
algae, 14 species of green, 3 species of brown, and 7 species
of red algae. A check list of speciles collected for assay is

given in the Appendix.
Analysis by Area. Because of the paucity of samples and

non-randomness of sampling, the best evaluation of the data
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can be made by comparing the averages of the radloactivity
of all the samples collected at each station. In Table 3
the average radiocactivity of the algae at each collecting
‘station 1is gilven.

In the pre-test collection the samples from those islands
close to, or upon which previous atomic tests had been con-
ducted were the most radiocactive. One sample in particular,
collected in a stagnant pool 250 yards east of Lake George
on Eberiru Island had a count of 54,000 d/m/g wet weight.
Three others collected on the tide flats at the western tip
of Runit Island averaged 31,000 d/m/g. In the post shot series,
for stations within 9 miles of the shot island (Bogallus,
Engebl, Aomon), the average of all the algae samples from
one station was not signiflcantly different from a similar
average for any other station. The samples collected at the
islands beyond this area contained signifilcantly less radio-
activity, the least radiocactivity being found at Japtan.

Anslysis by Species. Of'the 7 most common specles of
algae collected there is no species showing activity which
is consistently higher than‘that of any of the others. The
radioactivity of the coralline algae, which contaln a large
amount of calcareous matter, does not differ from that of
succulent forms for specimens at the'saﬁe station. These
data are presented in Taeble 4. When the samples were combined
into phylogenetic groups still) no difference in radioactlvity
between groups could be shown. This observation was also noted

in the 1949 survey report (AECD-3446).

-t
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Table 3 - RADIOACTIVITY OF ALL AIGAE SAMPLES BY ISLANDS
Thousands of d/m/g Wet Sample
PRZ POST )

Island n Ave. Max., Min. n Ave, Max. Min.
Japtan 6 0.066 0.099 0.041 6 0.3 0.70  0.22
Igurin 5 0.19 0.51 0.075 6 15. 38. 6.8
Igurin* 3 0.16 0.22 0.067 &4 16. 4o, 4.1
Rigili 4 0.46 0.97 0.14 6 550. 2100. 28,
Rigili* 4 0.36 0.58 0.21
Bogombogo 7 1.6 4.3  0.24
Bogombogo* 2 0.74 1.1 0.37
Bogallus 8 5200. 14,000. 1200.
Engebi 7 8.2 2l. 0.18 3 4000. 6800. 2500.
Engebi* 3 8.4 11. 6.2
Aomon-

Aaraanbiru 12 7.7 54, 1.7 "5  1400. 3900. 56.
Aomon* ' 4 3600.  6200.  400.
Runit 12 9.8 51. 0.087 9 110. 250. 13.
Runit#* 6 3.5 9.8 0.20 4 Q2. 250. 26.

*dredged samples

Table 4 - RADIOACTIVITY OF THE SEVEN MOST COMMON AILGAE, POST
SHOT BY ISIANDS
Thousands of d/m/g Wet Sample

Hali~ Caul- Lyng- Clado~ Bry- Dilcty-
Island meda¥** erpa bia phora opsis otfa Janig*+
Engebi 6800 2600. 2500
Bogallua 1700. 2500. 14,000 6400.
Aomon 240. 150. 2400. 56, 3900
Aomon* 2500. 5300 6200
Igurin g. 10
Igurin* 4, 22. 16
Rigili 700. 820
Runit 13, 120. 36  69. 240
Runit* 130 38
Japtan 0.59 0.33 0.25

*dredged samples
*¥*coralline algae
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Radiochemical Analysis. Radiochemical analysis of the
pre-test sample from the Lake George area (Section 4.8) showed
that Celuu, vith a half 1life of 280 days, contributed T4 per-
cent of the radioactivity. Results of radiochemical analyses
of post test samples of sand dredged off RojJoa Island and of
3 algae collected in the lagoon 200 yards off Bogallua Island
are given in Table 18.

From 85 to 96 percent of the total activity of the algal
samples 1s accounted for by the presence of the highly insoluble
fission products - cerium, ruthenium, zirconium, and the triva-
lent rare earths. Since the algae are not likely to take up
these insoluble materials in their normal physiological pro-
cesseé,ib seems very probable that most of the activity is
present on the surface of the algae, rather than in the cells
themselves. This does not, however, rule out the presence of
some radioactive salts in the cell structure or in the cell
sap. It has been shown that Sr90 1s absorbed by plants (ucra-
247)% and it 1is generally known that calcium is an essential
element in plant metabolism. Thus it is highly probable that

a portion of the calcium-strontium fraction found in the analy-

ses 1s in the protoplasm of the algae.

4.4 Invertebrates

In this section the pre and the post test sampling are
reported separately since the collectlon and analyses of the

data were made by different individuals.
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Pre-test

Methods of collection were the same as for previous sur-
veys, that 1s, hand pries and gloves were used when necessary
to obtain specimens found while wading or swimming. The con-
tents of the small dredge were examined on the stern of the
"M-boat” from which the dredge was towed. Special attention
vas given to locating certain common animals intended to serve
as a basls for comparing localities. These were primarily -
sponges, corals, sea urchins, sea cucumbers, ghost crabs, rock
crabs, red-eyed crabs, hermit crabs, snails, clams, and oysters.
While collecting these primary kinds, other invertebrates were
also sought to obtain a collection that would be representa-
tive of the locality. While most of the collecting was done
on the lagoon side of the 1slands,_approximately one-third
was on the outer side, chiefly at Engebi, Runit, Japtan, and
Igurin. Specimens from Plirasil were collected'by the crew of
"M-boat" No. 38.

In preparing specimens for ashing, small speclimens were
ashed entire while large ones were dissected and the tissues
ashed separately. In the case of intermediate-sized speci-
mens, hard parts such as exoskeleton or shell were separated
from soft parts for ashing. Smaller samples of hard parts
than of soft parts were used in ordgr to equalize the quantity
of ash on the plates. Animels from which tissues were dis- <
sected and ashed were: sea cucumbers, sea urchins, large crabs,
snails, and glant clams.

Analysis of the data was based on sample counts of one or

.-.30_
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more tissues rather than on counts of the entire organism,
as vas done for certain treatments of the fish data. Attempts
to compare specles by areas on the basis of the ratios of act-
ivity of the;r'tissues vere thwarted by a lack of some sam-
ples and by the presence of many samples with only background
counts, 1.e., net sample counts of zero. Also, the method
of rgnking was consldered but was believed to be 1nédequate
because of the great effect of surface contamination upon the
average of a limited number of sample counts (see p.18).
Results. Appendix Teble 1 gives individual sample values,
Table 5, page 32, shows average amounts of radioactivity in
the main invertebrate groﬁps.at the collecting localities.
Blanks indicate no specimens were found. These values bear
out the inverse relationship of radioactivity to dlstance
from the test sites for operations previous to Ivy, which
extended from Runit Island to Engebi Island. Within this range
the only significantly low counts came from a small cocllec-
tion made by navy personnel on Piiraail Island. However, it
is probable that because of this 1sland's position relative
to the prevailing winds, waves, and current it neither init;ally
received nor -retailned large amounts of radioactivity, In spite
of its intermediate position between two shot islands. Igurin
and Japten Islands were almost equally low, and Rigili higher.
Because of their marked influence upon the averages, the
high-counting samples included in Table 5 and Appendix Table

are listed separately in Table 6.
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Table 5 -~ RADIOCACTIVITY OF PRE~-TEST INVERTEBRATE SAMPLES BY ANIMAIL GROUPS
Thousands of d/m/g Wet Sample

BEEE
o % 5 % i3
o ' 4o e o s 0

3 a8 X x q *
§ 5 4 4 4 2 2 35 3 4 . 3
E %5 s & & 8 % 8y % § OB B 0% %

3 A -~ A ] 4 o of o 2 4 &
Sponge 0.2 042 3. 10. 0.4 . - 48, 48, - 3e - - 1. -
Worm 0 - - 0.3 ~- - 0.9 0.9 - - - - 17. 3.
Hydroid - - - - - - - - - 2. - - 7. -
' Coral 0 bl 0 0.04 0.02 - - - 003 0 0.1 - - -
}\); St.arfiah 0 - 0.5 ) 4- - - 0.8 008 0.5 - 8. - 0.3 2.

, Urchin and
Sanddollar 0 - 0.2 - 2. - l&o 4' 40 1. 003 0.& - 30
Cucumber 0 0002 0.l 26 - - 0008 0.08 003 1. 0.6 - 0.5 -
Crustacea 0 0,04 0,03 0.5 - 0,08 26 0.6 1. 0.7 0.9 0,02 1. 2.
Gastr‘opod 0.07 ‘ 0003 002 0.6 - - 5. A 50 1. 1. - - 140 7
Bivalve 0 o 0.2 0.6 0.1 0.5 8, 56 - 0,1 0.6 0,01 2. 1.
Cephalopod - C - - - - - - - - 0.2 - - 0o -
Tunicate - - - - 0.5 - - - 6. bl - - - -
#dredged samples
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Table 6 - PRE-TEST INVERTEBRATE SAMPLES WITH HIGHEST

ACTIVITY

Thousands of d/m/g Wet Sample

Organism Tissue or organ Locality d/m/g
Snail, ,

Nerita polita Soft parts Runit 80
Sponge Entire Engebi,outer 48
Sea hare,

Dolsbrifera Gut with much s=and Engebl,outer 22
Urchin, ‘

Echinometra Gut and contents Engebi, outer 18
Snall, .

Polinices Egg collar,mostly sand Runit dredge 17
Worm, sipunculid Entire Runit 17
Snail, . :

Cymatium Soft parts Engebi,outer 16
Sponge, black Entire Bogombogo 16
Snail,

Strombus maculatus Soft parts Engebi,outer 15
Clam,

Pinna Shell and byssus Engebi,outer 14
Clam :

Pinﬁa Soft parts Engebi, outer 9
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The variability that may be expected from two collections
taken in close proximity 1s pointed out in the comparison of
two collecting areas on Engebi. Tide pool collecting at the
west tip on the lagoon side ylelded invertebrates containing
significantly less radiocactivity than did those collected on
the outer, north shore. The average of all samples as well
as counts of comparable tissues were alike in this respect.
See Table 1 in the Appendix. |

The relationship of radiocactivity to animal group 1is not
so clear as 1t 1s to locality. Comparison with 1949 findings
at Eniwetok shows mutual tendencies toward high activities
in samples of hydrolds, sponges, starfish, and oysters, in
descending order of magnitude, with ¢rustaceans and corals
qontaining relatively little radiocactivity.

Table 7 glves frequencies of counts by magnitudes for the
major collecting areas for both pre and post shot material
exclusive of dredged samples. The trend for high counts to
predominate near shot areas is almost the same both pre and
post test. 7

Table 7 also serves to demonstrate that the frequency
of distribution of logarithms of counts In the post test -
series is approximately of the normal form, whereas the dis-
tribution of the observed counts would ﬁe strongly skewed.

In the pre-test serles the distribution of the logarithms of
the counts is normal only in the "hotter" areas and then only

if background counts are excluded.
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Table 7 - FREQUENCIES OF PRE AND POST TEST INVERTEBRATE

ASHED SAMPLE COUNTS BY MAGNITUDES FOR MAJOR
COLLECTING LOCALITIES,EXCLUSIVE OF DREDGED
MATERIAL

Thousands of d/m/g Wet Sample

Acmon
Magnitude Japtan Igurin Rigili Bogom- Engebi Aaraan- Runit
' bogo biru
PRE-TEST
Background 44 15 11 11 9 6 3
0.01-0.1 1l 6 8 3 2 2 1
0.1-1 y 2 13 20 23 15 18
1-10 1 11 17 9 11
10-100 1l 6 2
POST TEST
Background 13 1
0.01-0.1 21 2 |
0.1-1 15 34 5 3
1-10 25 34 9 20
10-100 y 37 5 8 9 24
100-1,000 : 14 14 9 h 3
1,000-10,000 L 3 2
10, 000-100, 000 1
ey
{ \1{:‘ »)1(
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A comparison of the activity in different organs of crabs
vas made using the court found in muscle as unity. The values
relative to muscle for other tissues in pre and post test crabs
respectively were: digestive system, 6 and 30; éills, 3 and
22; and exoskeleton 6 and 16. In 40 comparisons of the shell
and soft parts of pre-test molluscs, the shells were more
radloactive than the soft parts for,25 percent,and for the other

75 percent the reverse was true.

Post Test

Invertebrates collected after Mike test are listed in
Table 2 of the Appendix. Limitation of time made it impracti-
cal to search thoroughly for specimens that would have made
possible a complete comparison of collection stations accord-
ing to specles. Since the collections were made soon after
the shot (2 to 8 days) it may be presumed that the-distribu-
tion of radioactive materials was still in a étate of flux
in the waters of the lagoon, with consequent variability in
the degree of radiocactive contemination even between local
areas at a given station.

The specific activity of individual samples of inverte-
brates ranged from background at Japtan to 15,000,000 d/m/g
wvet (sand from sea cucumber gut) at Engebi. One exceptional
pilece of coral detected from an autoradiograph (Fig.22b) had
a specific activity of approximately 100,000,000 d/m/g.

Analysis by Area. Differences in activity between or-

ganisms at various collecting stations depend upon the specles
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and organ or tissue being considered. When compared by rank-

ing within each of the nineteen classes of items 1in Table 8,
the stations fall into the following decreasing order of radio-
activity: Bogallua, Engebl, Aaraanbiru, Rigili, Runit, Igurin,
Japtan. The glant clam, Tridacna, was the only species col-
lected at every station. Comparison of individual tissues

of this clam at each statlon is made in Figure 5. The specific
activity relative to Igurin is shown for gill, mantle, muscle,
and digestive gland ("liver"). Whichever tissue 1s considered,
the ranking of the stations remains the same. Japtan 1s not
included since several of the counts were background, hence

the ratlos are meaningless, and the relative activity was in
every case less than one. Included in Figure 5 are the rela-
tive activities of beach sand or soll and bottom sand from
each station. The latter has a higher relative, specific actlv-
ity at Engebl than at Bogallua while fhe reverse 1s true with
the glant clam tissues. No landing was made at Bogallua, con-

sequently no teach sand 1s available from that station. Bot-

tom sand was taken from sea cucumber guts, usually Holothuris
atra. This can be considered a random sample of the bottom

sand since H. atra shows no selectlvity in 1ts ingestion of

bottom materials.3 This difference between Engebi and Bogal-
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Table 8 - RADIOACTIVITY OF SEPARATE TISSUES OR ORGANS OF DIFFERENT GROUPS
OF POST SHOT INVERTEBRATES
Thousands d/m/g Wet Sample

(Rafer to Appendix Table 2 for n, max. and min.) -

_ Collecting Stations
Japtan Igurin Rigili Bogallua Engebi Afaraanbiru Runit

Digestive Tract
and Contents

Clams 0.076 3.7 ., 530 460 220, 3.

Crabs 0,081 9,7 - - 7600 - _—

Sea Cucumbers 0,14 64. 200, 5900 15000 4300, 110,
Muscle
- Snails - 0.25 3»4 - - - 1‘-.3

Crabs 0.049 0,10 108 - 4:1-0 ‘ 3-1 103
Mantle :

Clams 0,39 025 le5 120 22 4e8 3.1

Oysters - - 15. - - 120, -

Snails - 0.52 4al - - - be3
Body Wali

Sea Cucumbers 0,057 3.8 15. 110 52 59. 12,
Gill

Clams 0 ° 12; 0 * 22 - 190 51 9 o 8 had

Crabs 0.015 064  49. - - - -
"liver® ‘

Clams 0033 lol 309 120 210 8.8 -

Crabs 0.050 0.61 29. - - - -
Shell or

oskeleton

EIEKHS Bg. 242 901 123 45 18. 3.9

Snaj.ls Bgo 0.60 800 Ld b - 301

Crabs 0.16 1.2 23- - 750 20, 17.
Entire Coral Bg. 0.55 15. 3000 2700 - 35.
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Relative radiocactivity of soil or beach sand,
bottom sand taken from sea cucumber guts and
giant clam gill, mantle, muscle and digestive

gland.

sample at Igurin is taken as 1.
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lua may well be a matter of sampling. One such sample col-
lected from each of the two stations differed by a factor
of less than three, while the meximum and minimum specific
activities of a serles of nine sea cucumber guts taken from an
ares ofkless than one thousand square feet at Aaraanbiru dif-
fered by a factor of more than six.

The average values of all invertebrate samples from each
station are given in Table 9. The limited usefulness of these
values 1s discussed on page 17. They were not considered in

the ranking of stations discussed in the preceding paragraph.

Table 9 - RADIOCACTIVITY OF ALL POST TEST INVERTEBRATE SAMPLES
COUNTED AT EACH CCLLECTING STATION
Thousands of d/m/g Wet Sample

Japtan Igurin Rigili Bogallua Engebl Aaraanbiru Runit

Max. 0.47 75. 400. 7,700. 15,000. 6,800, 160.
Min. © 0 0.35 25. 10. 2.1 0.63
Ave. 0.083 4.0 44, 1,200. 1,700. 1,100. 26.

Tissue and Organ Differences. General statements can be
made as to tissue and organ differences in specific sctivity
although there were not sufficient specimens of any one specles
of invertebrates to warrant statistical analysis. The relative
rankings presented here are based on comparison of the spec-

ific activity of each tissue or orgen in individual specimens.
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However, the same relationship can be found in Table 8 , which

is based on the average values of similar species.

1.

2.

Muscle consistently has the lowest specific activity
regardless of species.

"Liver"” or digestive gland is the only tissue sampled,

other than muscle, which is not subject to external

contamination. It rarely has a higher specific activity

than the digestive tract and is always more radioactive
than muscle.

The relative specific activity of the gilll varies with
the species. In the clams the gills, which are the
food gathering organ, have the highest activity, exclu-
sive of the digestive tract with its content. In those
snails with a gill the "liver" 1s the more active. The
liver is also more active than the gill in the crabs.

The digestive tract with its content 1s usually the

most radiocactive portion. Its activity is highly vari-
able, hovwvever, even within a specles from the same
station.

Shell and carapace afe also highly variable in specific
activity.

The following rankings of tissues in descending ordér
of specific activity with individual exceptions are:

a. Clams: (1) digestive tract (visceral mass with

contents)
2 111
3 §liver"
4) mantle
5 muscle
- ‘41 - - "(.: T‘l;“




shell variable in position

b. Snails: (1 "liver"
e g1il1
3 mantle
4) muscle
c. Octopus (one specimen): §1§ "liver"
2 gill
3 muscle
d. Hermit crabs: 1l digestive tract with contents
2) "liver"
3 gill
4) muscle

carapace variable in position

2) and (3) 1liver or gill
k) mscle
carapace variable in position

e. True crabs: glg digestive tract with contents

Species Differences. There were not enough samples at
any one 1island to reliably determine species differences.

It 1is probable, however, that both species and individual dif-
ferences are considerable as is indicated by the data from the
two similar species of sea cucumbers presented in Table 8.

At Rigili and Igurin where several specimens of crabs
were taken (not more than two of one species), differences
within a species are as great as between species. Tissue for
tissue the land hermit crabs, Cenobita, may have a higher
specific activity than the shore crabs.

Conclusions. The most obvious and striking conclusion
is that there was great variability in tﬁe amount of radio-
activity found in invertebrates at every station sampled.

The distribution of radiocactive materials was evidently still
in a state of considerable flux eight days after the shot.

Surface contamination or the presence of radioactive material

- :
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in the contents of the digestive tract accounted for most of

the radioactivity four.d in the invertebrates. An apprecisble
amount, however, was absorbed into the tissues. Muscle con-
sistently had the lowest specific activity and digestive tract
with its content the highest. Other tissues or organs varied
in ranking depending on the species. In general invertebrates
taken gt the northern stations were the most radioactive. The
decrease 1n radiocactivity from north to south appeared to be

more rapid on the east than on the west side of the lagoon.

4.5 Fish

Materials and Methods. The fish specimens were collected
in water poisoned with derris root powder in depths up to 12
feet, usually on the lagoon side of each of the station islands.
Areas selected for poisoning had a minimum of current combined
with adequate coral and substrate to support the typical reef
population of fishes. |

The number of fish collected varied from 26 to over 300
per station depending on the success of the poisoning opera-
tion and the number of specles present. These flish represented
from 10 to over 30 families and varied in weight from less than
a gram to 1589 grams (average 51.1 grams).

Although there were several hundred species of fish liv-
ing on the reef, the specles selected for analysils of radio-‘
activity were those most common to all stations and those

that were representative of the various types of feeding habits.
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Most of the specles selected were reef dwellers and more or less

sedentary; however, a few which prefer open sandy bottom, such
as goatfish, jecks and flatfish, were also taken and ashed for

counting.
The fish which best fulfilled the criteria listed above

were the damsel fish (Pomacentridae), surgeon fish (Acanthuri-
dae), groupers (Serranidae) and wrasse (Labridee). Appendix
Table 3, which summarizes the material used in the analysis for
rediocactivity, shows that these four families were taken at all

stations. Certain specles such as the grouper, Eplnephalus

merra, the damsel fish, Abudefduf bilocellatus, the surgeon fish,

Acanthurus triostegus, and thé wrasse, Halichoeres trimaculatus,

vere taken at a majority of the stations.

A total of 237 specimens representing 58 specles, 33 genera
and 22 families of fishes were counted for radiocactivity on
768 plates.

' The following organs of the large specimens selected were
analyzed for radioactivity: musclé, skin, bone, liver, and
gut (including contents). In small fish the following were
combined for analysis: (1) muscle, skin, and bone; (2) gut
and liver; or (3) entire fish. Omnivores and carnivores were
selected 1in approximately equal numbers at each station.

In order to compare the activity found in various samples
of entlire fish, the total activity per gram of an individual
fish was calculated as the sum of the activity of all
tissues, the procedure followed in 1949 (AECD-3446). The re-
sults are recorded in Table 10. The tissues listed in this
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Table 10 = RADIOACTIVITY OF WHOLE FISH BY STATIONS
Thousands of d/m/g Wet Sample

Common Japtan lgurin Kgill Bogombogo- kngebl Aomon- Runit
Name Bogallua Aaraanbiru

Pre n Post{ Pre n Post Pre Post n| Pren Post nl Pre n Post n| Pren Post n| Pre Post n
Damsel «020 5 22 | .024 74 21,10 26, 3[.21 2 520, 4 443 4 800. 5[431 3 272,  4[1.5 B2 6
Surgeon 031 «31 | o024 2 56 «052 306 079 1,100. «030 110, 094 45, 11 2,9 2
Butterfly|.021 .27 | .024 o3 083 3.6 .082 571, A 130, 35 — -—- 3,8
Parrot ———— 6091 ——— .20 0067 12- 015 ——— 049 3400 025 620 5 2.3 16.
Blenny .02 2 .04[& » 013 2 ——— ° 042 18 L] ———— —— L) 8 5 370 . ———— - - ——
Brotulid |-— — 2,8 | w=m — — — —— e
Mullet 0 4 —— R —— —— 057 ===
Puffer |s022  ~—n|—- 160, | == ===  |— 11, 2|e— -
Filefish |=== —— — 220, — —— — — —— ——
Grouper 0037 ¢64 0017 046 0040 032 0030 22' 2 0064 7.0 0035 1.7 0051 g33
SQUirrel ——— 0R2 | == 14 — 17, 3 0035 2 16. 29 2 Rb4e 21,072 3 2.4 —— 1.6 2
Wrasse +020 4 022 0017 017 0055 105 0035 2 790 9 015 224 4 0073 608 7 033 203 6
Goatfish 0031 o ~032 014 0064 040 0064 ——— 1042 7.6 ———— Emnd o69 1.0
Eel —— Al | 4032 - 022 [ W [P 032 — —_ -
GOby ———— o2l | === —— — 103 —— 980 4] ——— ——— o079 3 1.0 .13 —
Cardinal |——- === o012 2 L10 |.004 =~ 018 2 23 2| 45 be'l | 4057 o7 |mm=  amm
Snapper — — — 2.0 2.0 026 ——— 066 2.4 —— ——
Halfbeak |mm=  me=|me= ;e | om= e | _— 073 —= | 1e3  |o— ==
Jack - ——| w——— ——— «86 041 .17
Smelt  |=— | — -— Oy
Flatfish |=—=  =e=|o0l3 === | =—= oo | e — e e e — —_— —
Reeffish |« - | 47. 4 — ———
n 20 10 | 12 11 10 14 14 36 16 18 17 26 10 21
Ave. .018 023 0019 51 054 12 0073 160 55 280 14 59 058 bhol
s 012 16 |.007 56 |07 42 .063 240 1.9 370 .12 210 76 heb




table made up at least 95 percent of the total weight of the
fish. G1lls, glands, and nervous tissue were assumed to be
similar in activity to bone, skin, and muscle.

Analysis by Area. Comparisons of averages for éntire fish
indicate the greatest amount.of radloactivity was Iin post shot
~samples collected at Engebil Island, followed by Eogallua, Aar-
aanbiru, Rigili, Runit, Igurin and Japtan in descending order
(Table 10 and Fig. 6). | ,

If the tissues are analyzed by siations a slightly differ-
ent order 1s indicated. Activity in muscle is greatest at Bog-
allua, followed by Engebi, Aaraanbiru, Rigili, Igurin, Japtan
and Runit. The sequence is similar for the activity in bone,
skin, and liver except for & shifting in the last four islands.
Japtan generally appears to be lowest in activity with Igurin
next lowest and Rigili and Runit alternating in position. The
activitylin the gut had & sequence similar to that of entire
fish because the gut and contents were the greatest contribut-
ing factor.

The greatest increase of radloactivity in post test fish
over pre-éhot levels was in the 1slands to the west and south
of Elugelad vhere 1t was especially notlceable in muscle, skin,
bone and liver. In spite of the facﬁ that Bogallua fish had
- slightly less actlvity in the gut, several times as much activ-
1£y appears in the liver, bone, skin and muscle as in post shot
fish from Engebi. These data seem to indicate that the meta-

bolized, and to some extent the adsorbed (onto the skin), radio-
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shot (open histograms) and post shot (shaded
histograms) radioactivity in thousands of d/m/g
wet weight of whole fish and of fish tissues.
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isotopes were avallable in greater amounts at Bogallua - car-
ried westward from the target area by currents and wind in the
lagoon. This 1s partially substantiated by the presence of
turbid water west and southwest of the target area. It must
be noted also that much of the activity at Engebl was pre-shot
and probably made up of considerable inert materlal, biologi-
cally speaking. |

A large number of dead and dying fish ﬁere seen In and close
to the turbid water floﬁing from the target area westward inside
the lagoon between Elugelab and Bogallua eight days after the
blast. There were some injured fish at Engebl also and two or
three badly injured goatfish Qere collected near the shdre
(Fig. 7). |

Analysis by Specles and by Feeding Habits. Among those
fish which‘are fairly well represented in the sampleé, damsel
fish appear to ingest the greatest amount of active material,
followed by surgeon fish, butterfly fish; parrot fish, gobiles,
wrasse, squirrel fish, cardinal fish and groupers. Other
specles, of which we have only a few samples, and which indicate
their ability to absordb active materials, are filefish, blennies,
puffers and eels (Table 11). As the range of d/m/g indicates,
there 1s great variation from specles to specles, 1sland to
island, and even from specimen to specimen, especlally evident
in the post shot fish.

Omnivorous species almost invariably showed more activity
than carnivorous species from the same area. Exceptions were

s (¥ e
LR
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Figure 7. Goatfish, MulloidicnthFS auriflamma, collec-

ted at Zngebi Island, November 8, 1952. Ona
of many seen along the shore in an injured
condition. Note absence of skin and scales
on right side and back above lateral line.
Left side of fish apparently normal.
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Table 11 - RADIOACTIVITY OF FISH FROM ALL STATIONS COMPARED
BY FEEDING HABIT’
Thousands of d/m/g Wet Sample

PRE-SHOT POST SHOT
Common name n Range Ave. n Range Ave.
Omnivores

Damsel 16 0.02% - 1.5 0.30 24 o0.22 - 800 300.
Surgeon 8 0.024 - 0.11 0.056 8 0.31 - 1100 150.
Butterfly 6 0.021 - 0.35 0.13 6 0.27 -~ 570 120.
Parrot 4 0.067 - 2.3. 0.70 11 0.091 - 340 62.
Blenny 6 0.013 - 0.085 0.16 3 0.042 - 367 130.
Brotulid 1 2.8 2,8
Mullet 5 0 - 0.57 0,11
Puffer 1 0.022 0.022 3 11. -, 160 60.
Fillefish 1 220. 220.
All

Omnivores 46 0 - 2.3 0.22 57 0.042 - 1100 130.

Carnivores

Grouper 7 0.017 - 0.064 0.039 8 0.32 - 22. 6.8
Squlrrel 7 0.035 - 0.14% 0.120 11 0.14 - 24, 11.
Wrasse 11 0.017 - 0.33 0.070 29 0.17 - T9. 30.
Goatfish 6 0.031 - 0.69 0.16 4 0.14 - 7.6 2.3
Eel '3 0.022 - 0.032 0.029 4 0.11 - 61. L6,
Goby .4 0.079 - 0.130 0.092 7 0.22 - G8. 56.
Cardinsl 7 0.004 - 0.450 0.082 5 0.10 - 23. 10.
Snapper 2 0.026 - 0.066 0.046 3 2.0 - 12, 5.5
Halfbeak 1 0.073 0.073 1 1.3 1.3
Jack 1 0.041 0.041 2 0.17 - .86 .52
Smelt 1 0.044 0.044
Flatfish 1 0.013 0.013
Reeffish 5 13. - 167. 47,
All

Carnivores 51 0.004 - 0.69 0.081 79 0.10 - 98. 24,
Omnivores &
Carnivores 97 0 - 2.3 0.15 136 0.042 - 1100. 92.

potoi U-\q"‘vn
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found at Igurin and Japtan (Fig. 8) where activity was more or

less similar in the two groups. Compariscns of pre-shot activ-
ity at other statlons indicate the omnivores to be 2 to 7 times
as radioactivg as the carnivores. Comparisons of post shot
activity 1nd1éate the greatest difference existed at Engebi,
vhere omnivores were about 32 times as radiocactive as carnivores,
and at Aaraanbiru where omnivores were about 30 times as active.
The data indicate that ratio of radioactivity, omnivores
to carnivores, was greater at Aaraanbiru and Engebil than at
Japtan and Igurin, which 1s further substantlated by comparing
like tissues of carnivores and omnivores. At Japtan and Iguriﬁ
comparatively small amounts af pre-shot radiocactive material
were teaken into the gut of either omnivores or carnivores, and
epproximately equal amounts were retained in the muscle, skin,
bone and liver. On the other hand, at pre-shot and post shot
islands, where the activity was comparatively high, the omnivores
took 1in considerably more radiocactive material Iin feeding than
the carnivores but retalned proportionately less in the liver,
bone, skin and muscle. For example, at Engebl and Aaraanbiru
the activity in the gut of omnivores was approximately 21 times
and 125 times as great, respectively, as in carnivores, yet the
radiocactive materials retained in the muscle, skin, and bone
ranged from only 2.5 to 7.2 times as much in omnivores. It
should be pointed out, however, that because of the great varia-
tion in activity of the gut both within and between specles,
any conclusions made should take this factor into consideration.

R
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Anelysis by Tissues or Organs. The data for the analysis

of tissues or organs are summarized in Tables 12 and 13, in
which the d/m/g wet weight of fissues is compared by islends
and by feeding habits. Part of the material has been discussed
on the preceding pages.

Generally, in both pre-~-shot and post shot fish, the gfeat-
est amount of actlvity was found in the gut with'liver, skin,
bone, and muscle having lesser amounts in descending order-of
magnitude. Exceptions to this sequence were most numerous 1n
skin and bone counts, in which the dislintegration rates wvere
about the same. Omnivores usually had slightly more activity
in the bone than in the skin, whereas the reverse was genersally
true in the carnivores. Other exceptions occurred in most of
the fish at Japtan and in the pre-shot samples from Igurin, where
the activity in the livers was usually lower than in other tis-
sues, vhile muscle radioactivity was comparatively high in pro-
portion to other tissues and when compafed wilith other statlons.

Counts in skin and bone averaged about twice muscle in
pre-shot omnivores and carnivores. In post shot omnivores the
skin and bone counts were about 5 times muscle and in caernivores
about 2 to 3 times muscle. Differences between these three tis-
sues seemed to be greatest at Riglli, Engebi, and Aazraanbiru
in post shot fish.

Aside from the exceptions at Japtan and Igurin mentioned
above, the liver was usually much more radlcactive than skin,
bone, and muscle. The average for all fish livers combined
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Table 12 -~ RADIQACTIVITY IN TISSUES OF FISH COMPARED BY -
PRE-SHOT STATIONS
Thousands of d/m/g Wet Sample

JAPTAN IGURIN RIGILTI BOGOMBOGO ENGEBI  AOMON RUNIT AVE. RANGE
Ommivores, n 7 N .5 5 4 6 4 37
Muscle 0 0019 0 Q022 0 .040 0 .021 0 0040 0 0030 0 ¢036 0 0028 0 90].4 - 0 .092
Skin 0,023 0,013 04048 0.058 0.14 0,064 0.081 0,055 0 -~ 0024
Bone 0 011 0 0 0059 0 0032 0 023 0 9064- 0] 910 0 ¢06O 0 - 0. 56
Gut 0,063 0,040 0434 1.1 642 2,0 20, 3 0026 = 45,
Carnivores, n 4 6 5 8 5 7 6 41
o " Hmscle ~ 0.,022 0,018 0,018 0.020  0.025 0,023 04038 0,027 O - 0,057
o Skin 0.019 0,030 O.11 0.033 0.10 0,050 0.053 0,05 0 - 0,33
. Bone 0,028 0,010 0,067 0.009 0.098 0,049 0.034 0,040 0 - 0.,16
Liver 0,018 0 0,084 0,095 0,11 0.15 0,090 0,082 0 -~ 0424
Gut 00031 00033 00097 0044 0077 1-4 706 1.6 0 - 330
All Fish, n 11 12 10 13: 9 13 10 78
Muscle 0,020 0,020 0.029 0,020 0.032 0,025 0.037 0,026 0 - 0,092
" Skin 0,021 0,021 0,077 0,042 0.12 0,056 0.064 0,055 . O - 033
Bone 0,018 0,005 0,063 - 0,018 0.16 0,056 0,060 0,049 0 - 0456
Liver 0.007 0,010 0.075 0.13 0,28 0,19 0.17 0.12 0 - 0,71
Gu.t Oo 051 0 5037 o .22 0 070 3.2 1.7 13‘0 2010- o - 45.
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JAPTAN

Omnivores, n 5
Muscle 0.12

Skin 0.16
Bone 033
Liver 0.15
Gut 0632

Carnivores, n 5
Hascle 0426

Skin 0-35
Bone 0.30
Iiver 0.11
Gut 0426

A1l Fish, n 10

Muscle 019

Skin 0026

Bone 0e32 -

Liver Qel3#

Gut 0429
#nfl

IGURIN

5
0.12
0.31
0424
0.57
24

6

0.13

0.24
0.38
0659
0076

11

013

027

032

0458
1.5

RIGILI

6 B
0.33
2.3

0490

664
130.

6
0.16
0.86
0.46
440
140,

12
0425
1.6
0.68

35.

140,

BOGOLLUA

7
2243
120.
130.
1,200,
3,000.

10
8.0
22
16.

89.
520,

17
15,3
63,
6.

550,
1,600,

ENGEBI

5
7.8
46,
564
540,
3,300,

5
3.2
9.6
767

15.

160,

10
5¢5
28,
3.
‘220,
1,700,

Table 13-~ RADIOACTIVITY IN TISSUES OF FISH COMPARED BY POST
SHOT STATIONS
Thousands of d/m/g Wet Sample

AARAANBIRU RUNIT

2
e
12.
11.
370,
3,500,

6
0440
2.3
1.8
542

28,

8
0.89
408
4ol

97

890.

4
0.26

1.1
11.

9 .
‘0.19
0466
0.83
442
18.

AVE. RANGE
34
6.5 0 = 35
33. 0.080 -~ 166
35. 0 - 18
340, 0 -=-.2,100
J.A»OO. 0013 —0,800
43
2.5 0.032 - 18
6.9 0 - 31
5.1 0 - 45
24. 0 -- 19
160. 0.051 -~ 8%
77
4o3% 0 = 35
18, 0 - 166
18, 0 - 182
160.# 0 = 2,100
690, 0,31 - 6,800



wvas about twice that of skin and bone at pre-shot stations,
increasing to about 9 times in the post shot fish. The increase
in activity in post shot carnlvores over pre-shot was less than
that of omnivores. Of the pre-shot fish samples, omnivores

from Engebl had the highest count in liver tissue. After the
shot, Bogallua omnivores héd the most radioactive liver tissue.

The gut averaged about twice as high as the liver at all
pre-shot stations, increasing to 4 times in post shot fish; the
greatest increase was found in omnivores at Fngebl. Post shot
carnlivores at Bogallua had 3 times as much activity in the gut
as carnivores at Engebi. Comparatively high counté wvere found
in the gut of pre-shot fish at Runit and Engébi and to some ex-
tent at Bogombogo and Aomon. Fish with the lowest activity in
the gut were collected at Japtan.

Distribution of radioactive materials throughout the tis-
sues from gut to muscle was fairly uniform in pre-shot and post
shot fish from Jeptan and Igurin. For éxample, by comparing
the radioactivity in the gut with thét of muscle of all fish,
the pre-shot activity in the gut was about 2.5 times and 1.8 |
times that of muscle at Jeptan end Igurin respectively (Fig. 6).
At other 1slands the ratios between gut and muscle vwere markedly
greater: about 10.3 times at Rigili, 35 times at Bogombogo, 100
times at Engebi, 68 times at Aomon and 352 times at Runit. Post
shot ratios were as follows: Japtan about 1.5 times, Igurin 4o,
Rigili over 3,000, Bogallua 107, Engebil 310, Aaraanbiru 1,000
and Runit 940. Ratios between tissues thus seem proportionately
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less with distance from shot islands, with the’exception of
Rig1lli, and were least to the south and southeast within the
atoll.

The average increase in all tissues from pre-shot to post
shot activity was greatest by far at Bogallua (Fig. 6 and Table
10). Although Engebi and Bogallua were about equidistant from
the target center, the amount of radloactivity in fish tissues
at DBogallua showed an increase of from 4 to 18 times that of
the fish tissues at Engebl. The data indicate that, of the radio-
active materials taken into the gut at Engebil or Bogallua, a
greater proportion reached the four other tissues ( muscle, skin,

bone, liver ) of fish at Bogallua than at Engebi.

4.6 Land Plants

The plants collected before and after the shot included
15 species of flowering plants, 4 species of fungi, and 1 species
of lichen. Some of the plants were gollected at only a few of
the stations. A check l1list 1s given in the Appendix. In gen-
eral, collections were made in the areas where rat traps were
set (p.62), but a few were made along the beach or wherever it
was possible to obtain certain of the specles. BSome plants were
pressed directly in the fleld for future use in autoradibgraphy;
others were preserved for ldentification. Radlological assay of
the plants followed the same procedure used for the other organ-

{sms. Counts were maede on leaves, stems, roots, flowers, fruits,

and fungl.

SRR
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Analysis by Area. Table 14 is a summary of the activity
found in all the plants collected at each station before and after
the Mike shot. Counts of all plant parts are included in the

averages,

Table 14 - RADIOACTIVITY OF LAND PLANTS BY STATION
Thousends of d/m/g Wet Sample

PRE SHOT POST SHOT
Island Mean n Max. Min. Mean n Max. Min.
Japtan 0.014 1% 0.074 Bg. 0.24 6 0.33 0.13
Igurin 0.28 22 3.7 Bg. 16. 11 39. 0.83
Rigilil 0.56 17 8.6 Bg. 100. 20 820. 1.0
Bogombogo 0.12 22 1.6 Bg. ——— == = -
Engebl 0.83 24 3.4 0.092 1900. 6 400Q 280.
Aomon-Rojoa 0.28 30 1.3 Bg. - 89. l2 370. 4.9
Runit ~ ko. 2 60. 20.

The greatest amount of actlvity was found ét Engebi Island,
both before and after the Mike test. Since landings were not
made at either Bogallua or Bogombogo after the shot, there were
no collections at these islands. In general, the activity levels
of the land plants were lower than those of the algae collected
at the same island, but the trend is similar. Plants from those
islands closest to and west of the shot island contained the
highest activity. Most of the plants at Engebi and Rojoa as
well as some at Riglli were elther burned or physically damaged
after Mike shot. Comparison of counts of damaged and healthy
leaves from Rigili plants showed no marked differences between
the two, indicating that most of the activity was on the surface

of the leaves.
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Analysis by Species. Because of the incompleteness of-
the collections and the great varilation within species, it is
not reasonable to attempt to determine whether significant
differences in the amount of adtivity exist between specles.
érom the ‘data available, 1t appears that bunch grass, Lepturus
repens, had the highest activity of the plants collected at
’Rigili and Rojoa after the shot. On the other hand, Mycens,

a fungus, was among the highest at Rigili, but lowest at Igurin.
Because of inconsistencies of this nature conclusions as to
specles differences are not justifiable.

Analysis by organs. No specific conclusions can be made
regarding radiocactivity in the organs of the land plants col-
lected before and after the Mlke shot because of the lnconsis-
tencies encountered. At some collecting areas the roots had
the highest activity, at others the lowest. In general the
leaves were highest. An insufficient number of flower and
fruilt samples were assayed from the post Mike serles to warrant
comparison.

Radlochemical analyses.' Radiochemicel analyses of post
Mike solls from Rigili, Rojoa, and Runit and of post Mike plants
from Engebl were made in order to determine the identity and
relative amounts of fission productsvpreSent. By comparing

the relative percentages of specific fission products in plants

with those found in the soil, and knowing the solubility of these
fission products in water, it 1s posslible to estimate which 1iso-

topes have entered the plant via the normal processes of mineral
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absorption. The results, given in Table 15, are tabulated as

percent of total recovered activity in the sample, although
actual chemical yield was approximately 75 percent of the total
radioactivity in the samples. If the percentages of the radio-
1sotopes 1n plant and soll samples are approximately the same,
then it may be assumed that the radioactive material 1s adsorbed
onto the surfaces of the plants. The radlochemical analyses
and the analytical procedures are described on page 81 of this

report.

Table 15 - RADIOCHEMICAL ANALYSES OF SOILS AND PLANTS,
POST SHOT
Percentage of Total Recovered Activity

Product Rigili Rojoa Runit Engebi - Engebl
Triumfetta Sedge

Cerium 32.2 25.0 24.5 31.2 24.6 25.7
Trivalent | . :
" rare earths 18.5 21.2 16.0 13.5 24 .6 24 .2
Zirconium 20.8 24,5 25.5 19.8 13.7 12.9
Ruthenium 20.8 19.3 19.3 31.5 16.6 22.0
Barium 4.0 6.5 3.6 -- 4.5 4.0
Calclium-

Strontium 3.2 3.6 11.1 3.0 16.8 11.3
Cesium- _

Rubldium ’ 0 0] 0 - 0] 0]

The radiochemicsl content of the soils from the four islands
1s fairly uniform with some exceptions noted in the Engebi
sofl. As in the soil samples, 80 to 85 percent of the radio-

activity in the land plants from Engebl was found in the highly
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" insoluble fission products that are absorbed by the plants in
minimal amounts under normal conditions. The remaining portion
of the radioactivity 1s found in the more soluble calcium-
strontium fraction which is known to be actively absorbed by
living plants. The marked difference between the percent of
calcium-strontium fraction found in the plants from Engebi and
that found In the soils indicates that the plants absorbed more
of this fraction than any of the other radiocactive materials
present 1in the soil.

Conclusions. Analysis of the data obtained from counts
made of 57 samples of land plants collected after Mike detona-
tion shows a correlation bétween distance of collection area
from ground zero and amount of radioactivity in the samples.

On the basis of these data no clear cut differences can be
pointed out as to the relative activity between specles or be-
tween organs of a plant. The problems presented by surface con-

tamination make further interprctations unreliable.
4,7 Rate and Birds

Collecting Methods. Attempts were made to collect rodents
and birds at each of the prinecipal collectlng stations although
they were not always successful.

Collections of rats (Rattus exulans) were made by setting

live traps in the runways near the openings of the rat burrows.
The traps were left overnight since these rats are, for the

most part, nocturnal in their feeding habits. Openings to the
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burrows are found under and around clumps of grass or under

"beach magnolia bushes (Scaevola frutescens). These rats do
not inhabit areas containing no plants. |

Rats were found on Engebl, Biijiri, and Rojoa prior to
Mike detonation. After the shot they were taken on Biijiri
only and were 111 and lethargic. There is little probability
that any rats survived on Engebl; for it was denuded by the
heat and shock wave, then partly inundated by water waves from
the blast, and had a radiation reading of 11 r/hr two inches
from ground level for beta-gamma seven days after the detona-
tion. That there was little chance of animals'surviving is
1llustrated by the fact thét the sole bird found on Engebi
post shot had been blown to pieces by the shock wave.

Birds were collected at two stations, Igurin and Rigili,
prior to Mike detonation. After the shot they were taken at
elght stations and, with the exception of two stations, con-
sisted entirely of terns (fam. Laridae). Within this group
the fairy tern (Gyzis alba) and the common noddy tern (Anous
stolidus) were taken when avallable. These two specles usually
remain close to the nesting grounds, although they may forage
over a range of several 1slands in search of food. Other terns

taken 1ncluded the sooty tern (Sterna'fuscata), the crested tern

(Sterna bergli) and the arctic tern (Sterna paradisaea). All

birds were collected with a shotgun.
The food of the terns inhablting Eniwetok Atoll consists
almost entirely of small live fish ceaught near the surface
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of the water. Occasionally smsll octopl are eaten. Terns are
not scavengers and do not eat refuse. The food of the shore
birds 1is composed mostly of insects and small crustacea found
on the beaches.

At Aaraanbiru one shore bird was taken in addition to the
terns, and at Rojoa the collection consisted entirely of shore

birds. The shore birds taken included the golden plover (Plu-

vialls dominica fulva), the wandering tattler (Heteroscelus in-

canus), andi the turnstone (Arenaria interpes morinella). Shore

birds are not desirable specimens for the purposes of thls sur-
vey because of their expensive migratory hébits, but were col-
lected when terns were nof avallable. In.the instances where
shore birds were taken, hovever, the fector of migration was

of little consequence. It was apparent that these birds were
on the 1sland where collected at the time of the detonation, as
they weré injured and burned to such an extent they were unable
to fly.

Rojoa was the closest 1sland to ground zero on which 1live
birds were seen or taken. The birds at Runit, Rigilil, and espe-
clally at Rojoa had been burned, sometimes to the bone, and
were 111 (Figs. 9 and 10). Birds with dark colored feathers
were burned more severely than were the white fairy terns.

The birds were placed on 1ce as soon as they were shot.
The rats were returned alive in the traps. Upon return to the
Oakhill the traps, with the rats, were placed in a deep freeze

unit so that death occurred from freezing.
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Figure 9. Fhotograph of a singed plover
taken on Biijiri (8% nautical miles from
ground zero) November 7, 1952. The bird
had apparently been flying with its left
- side toward ground zero at the time of
detonation as indicated by the configura-
tion of the burns on the remiges and the
coverts,

@3 NavL Y B
P .

Flgure 10. PFPhotograph of a singed noddy
tern taken on Rigili November 5, 1952.
The bird was flying in a direction away
from ground sero at the time of detona-
tion, The rectrices had been burned and
the bird was unable to fly. The contour
feathers of the back of the head and
neck were also singed.

- 64 -

A i

E3 ‘\"X f:>



The following tissues were taken: for rats, skin, muscle,

bone, liver, stomach, gut, kidney, and lung (in post shot speci-
mens); for birds, skin, muscle, bone, liver, proventriculus,
gizzard, gut, and lung (in some specimens). Special care was
taken 1In all dissections to prevent cross contamination between
organs. The dilssection Instruments were washed and wiped after
each step, and the digestive tract with its contents dissected
out last to prevent general cross contamination by the more or
less fluid digestive tract contents.

Results. The specific activity of the organs and tissues
of the rats 1s given in Tables 16a and 16b. In Tables 17a and
17b the disintegration rafe for activity within the organs and
tissues of the birds is gilven.

Analysis of Organs and Tissues, Pre-shot. The amount of
radioactivity found in the organs and tissues of rats and birds
in the pre-shot collections is small (Tables 16a and 17a) with
a maximum of 47 d/m/g in the terns and 26 d/m/g in the rats.
However, there are similarities in the distribution of the
activity according to the different tissues and organs of the
rats and birds. In Figure 11, & histogram of the average d/h/g
for the organs and tissues of a8ll of the pre-cshot birds and rats
is given. Similarities in radioactiﬁity levels for like organs
_or tissues in the birds and rats are apparent with gut, muscle,
liver, skin, and stomach in both groups containing measuredble
amounts of radioactivity. In bone none was detected. If the

‘organs and tissues are arranged in descending order of average

¥id
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actlvity the order 1s identical in the two grours.

Table 16a - RADIOACTIVITY OF PRE-SHOT RATS
Thousands of d/m/g Wet Sample

Wt Stomach Gut &
Island 1in Skin Muscle Bone Liver & con- con- Lung Kidney
gms tents tents
Enggbi 175 0 0.011 - 0 0 0 0.018 o0 0.015
Biijiri. 57 0 0.020 0 0.012° 0.016 0.026 0 0
Rojoa 82 0.026 0.014 0 0.012 0.010 0.016 O 0]
77 0 0.016 0 0.012 0 0.011 O 0
63 0 0.020 0 0.016 0O 0.01% o 0
Table 16b - RADIOACTIVITY OF POST SHOT RATS
Thousands of d/m/g Wet Sample
Wt - Stomach Gut &
Island in Skin Muscle Bone Liver & con- con- Lung Kldney
- gme tents tents
Biijiri 58 6.4 0.48 13. 1.9 0.94 34, 1.2 2.2
66 9.0 1.6 8.3 2.2 16. 11. 1.4 3.4
69 14, 1.1 18. 2.3 3.7 3.2 1.0 3.8
72 8.8 1.0 12. 1.5 0.20 5.8 0.94 2.2
95 9.1 0.68 7.0 1.9 1.2 1.4 0.75 2.7
120 7.6 0.76 416, 1.5 3.5 16. 0.79 4.1
Average 9.2 0,84 17. 1.9 4,3 12. 1.0 3.1

Part of the activity in some of the tissues may be due to

naturally obcurring K40, However, the amount of potassium per
unlt wet welight in the s=skin and muséle is approximately the
same and in either instance would amount to 5 d/m/g or 1less.
If K“O were mainly responsible for the increase in activity

in the tissues then one would expect skin and muscle

,-uF 'ﬁﬂ ’
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Table 17a - RADIOACTIVITY OF BIRDS, PRE-~SHOT
Thousands of d/m/g Wet Sample

Type Proven-  Gizzard Gubt and
Island of  Skin Muscle Bone ILiver triculus and  contents
tern and contents
contents
Tgurin falry 0,046 0.018 0] 0.016 0.020 0.019 0.047
noddy 0 0,012 0 0 0,013 0] 0.021
Rigili fairy 0 0.014 o] 0.019 0 0 0,016
fairy 0 0,016 0 0.012 (o] 0 0.026
sooty 0 0,032 0] 0,029 0 0.028 0,027
Bogombogo noddy tern egg: shell - O; embryo - O.

Table 17b - RADIQOACTIVITY OF EBIRDS, POST SHOT
Thousands of d/m/g Wet Sample

‘Type Proven- Gizzard Gut
Island of n Skin Muscle Bone ILiver triculus and n and n Lung
bird and con- con-

contents tents tents

Igurin tern 3 1.2 0,26 1,0 0,083 0,15 023 3 04,41
Eniwetok tern 1 0,85 0.16 0,55 0.12 0.40 0,21 1 0.12
Japtan tern 4 0.37 0,22 0,37 0613 0.14 0420 4 0,18
Rigili tern 4 l4. 0.72 230 306 2.1 4o7 10 130

Lol I I |
|
°
(ol

Runit tern 3 0.75 0054 0074- lel 0083; 10, 3 307 - -
Aaraan- '

biru tern 2 1,1 0.36 0,8 0,78 0.89 1.5 3 3.9 - =~
Aaraan- shore

b:?.ru bird 1 14. 2,0 606 8.5 280 960 1 2200 - -

RoJoa shore
bird 2 190 0.63 706 205 3.2 94- 2 73- P 0086
Engebi  tern# 1 17,000,

#Bird had been blown to pleces by the shock wave. Radioactivity is that of
surface contamination.

- 67 -
3 SPIVER

.

HoF b




ACTIVITY
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Figure ll. Radiocactivity of pre-shot rats and birds, d/m/g

wet sample.
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to be approximately equal in activity. Muscle, however, 1s
more radloactive.

The fact that the activity within the bone was zero in
both the birds and rats is of interest. In the 1949 radiobio-
logical resurvey of Enlwetok, the amount of activity in the
bone samples of rats was positively correlated with the radio-
activity of the habitat as indicated by survey meter readings.
The habitat of the rat specimens at the time of the present pre-
shot collectlons had a low reading, in all cases beingless than
1 mr/hr. |

Analysis of Organs and Tissues, Post Shot. In Table 16b
the data for the post shot rét collections are given. In 8
comparison of the same organs and tissues in six specimens (ex-
cept for the digestive tract) the disintegratién rate does not
differ in any instance by more than a factor of 7.

In & comparison of.the same organ or tissue in the differ-
ent specimens of birds collected at any one station (Table 4,
Appendix) greater variations in disintegration rates are found
than were evident in the rats. The maximum variation occurred
in the livers of the Riglli terns where the greatest difference
was by &a facfor of u470. .

Analysis by Island. In general, the variabllity of activ-
ity for specific organs between individual birds precludes the
possibility of significant differences existing between average
values for various collecting stations. However, when the aver-

age values for the different orgens for individual stations are
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plotted against distance collected from ground zero (Fig. 12),

the effect of the site of collection upon the amount of activity
within the organs or tissues is apparent.

Meter readings were taken at each collecting site with a
Juno ionization type instrument at the time the collections
wvere made. These values for Runit, Aaraanbiru and Rigilil are
given in Table 5 1in the Appendix.

On the basis of the meter readings the activity levels in
the terns from Runit and Rigili should be similar, but those of
the terns from Aaraanbiru higher. This was not found to be
true, however (Fig. 12). At Rigili, downwind from ground zero,
there were higher average levels of activity in the terns than
at either Runit or Aaraanbiru in which the levels were almost
equal (Table 17b). The terns taken at Runit may have flown from
neighboring northerly islands since, although singed, they were
able to fly. The birds taken at Rigili, however, probably did
not fly from islands closer to the target area, because all of
the birds observed durlng the post shot collections at Rigillil
wvere singed or 111 and not inclined to fly. They would walk
awvay or flutter with effort from the beach to the water when
anyone came near.

Analysis by Feeding Habit., The shore birds and rats have
.‘similar feeding habits; both subsist maeinly on insects, seeds,
and grasses so that a comparison of average levels of activity
in diverse forms with similar feeding hablts can be made. The

results are as follows:
th < ““i, ‘;
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Figure 12. Histogram showing radioactivity of post shot terns with relation to

distance of collecting site from ground zero, thousands of d/m/g
wet sample.



Rats -~ Blljiri Shore birds - Rojoa Ratio of d/m/g

Orgens or d/m/g in d/m/g in of shore birds

tissues n thousands n thousands to rats
Skin 6 , 9.2 2 190. 2.06
Muscle 6 0.94 2 0.63 0.67
Bone 6 17. 2 7.6 0.45
Liver 6 1.9 2 2.5 l1.32
Digestive

tract 12 8.1 6 57. 7.04
Lung 6 1.0 2 0.86 0.87

Only 1a the activity of the digesﬁive tract do the two
forms differ by more than a factor of three, also the differ-
ences are not consistently in favor of either of the forms.

Differences In activity levels between birds of different
feeding habits were found. Average values for the shore birds
. of the Rojoa-Aarasanbiru area and those for the terns in the

Aaraanbiru erea are as follows:

Terns ~ Aarzanbiru Shore birds - Rojoa Ratio of d/m/g

Organs or d/m/g in d/m/g in of shore birds
tissues n thousands n thousands to terns
Skin 2 1.1 3 17. 15.45
Muscle 2 0.36 3 1.1 _ 3.05
Bone 2 0.86 3 4.0 4,65
Liver 2. 0.78 3 4.5 5.77
Digestive .
tract 6 2.1 9 T6. 36.18

Shore birds and rats appear to be more alike in relation to
uptake of fadioactive materials than do the shore birds and
terns. It appears likely, however, that the shore birds and
rats are different regarding retention of radioactive materials

..7'2.-
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within the different organs and that the differences between
the terns and shore birds were caused by differences in feed-
ing habits.
Although variations within the tissue or organ samples
of birds were great enough to preclude analyses of the radio-
active disintegration rates by organ, a few conclusions can
be drawn from the avallable data on birds in light of the find—.
ings with the post shot rats. 1In the latter, individual vari-
ation betveen samples was small enough that the dilfferences
between organs was significant, except for those of the GI tract.
In addition to this, 811 of the post shot rat specimens were
collected within a 50-yard square area so that the environmental
conditions may be consldered identical for practical purposes.
The coefficients of variability for the organs of the

post shot rats were determined and the results are as follows:

Stomach Gut &
& con- con-
Skin Muscle Bone Liver tents tents Lung XKidney

Mean 9.2 .94 17. 1.9 h.3 12. 1.0 3.1
Coefficlent

of variaticn .
in percent 28. 42. 84, 18. 140. 100. 24, 27.

The lack of marked variability in activity between the
lungs of the six rets probably depends mainly upon the effect
of particle size and density as related to depositiocn within

lung tissue. Stokinger et al? working with albino rats found
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that particle size greatly affected the amount of deposition

in the areolar spaces with increases of as much as 10-fold with
a reduction of mass-median diameter from 2.6 to .45 n. Taplin
et al.5 fouqd that in rats lung retention of particles with a
mean size ofs1n was strongly dependent upon density of the
particles.

Autoradiographs of lungs of rats collected for the present
work indicate a diffuse deposition of the radiocactive material
within the lungs except for the bronchii, where the activity 1is
more concentrated and irregular (Fig. 13).

The results found in the autoradiographs as well as the
lack of appreciable variétion in samples may well be dependent
upon the factors of selection and retention of particles by
size and density, especially since the particles retained by the
lungs are of a small mean diameter and are more nearly the den-
sity of the heavier Nevada sand and BaSoy, particles than the
‘dye particles Taplin found to be retalined to a greater degree
in lungs of rats.

The least variabllity in organs and tlssues of the post
shot rats was found in the liver, the variabllity of kidney
and lung being =slightly gresater.

When the average values for each organ or tissue of the
post shot rats are compared, muscle is the lowest and bone
the highest in activity of the samples taken. Lung tissue,
however, 1s almost as low.as that of muscle tissue.

In the birds from Rigili, Rojoa, Aarasanbiru, and Runit

N C
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{a)

Tignre lx. FPhotograph and autoradiograph of 100 u sections
of lungs from rats collected at Biijiri 9 days
after M detonation. (a) Blue Brand X-ray film
exposed 39 days; exposure started November 29,
1952. Activity within the lung is diffuse in
distributicn except for spots from limited speck
contamination. (b) Super XX film exposed 45
days; exposure started November 22, 1952. Radio-
activity within the lung is diffuse except in
the bronchus where i1t is more concentrated and
irregular ir deposition, thus suggesting limited
spzci contamination. In areas contalning fatty
tissus, greater exposure is indicated. Whether
tnis is froon chemrmical Tozging or from exposure
o rdiaticr 1z nut Xnown.
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the lowest activity was found in the muscle. In the same birds
the highest levels of activity were in the "gut”'or "digestive
tract” with the exception of Rigil!l in which the bone contained
the greatest amount of activity. 1In birds from the southern
islands of Igurin, Japtan and Eniwetok the lowest levels of
activity were found in the liver. The highest levels for birds:
of these 1slands were found in both the skins and bones and
were approximately the same.

Judging from the data from both birds and rats muscle
elther tskes up or retains a lesser amount of radioactive mat-
erial than any other tissue or organ sampled. ' |

In rats, radioactive materizls are depdsited in the bone
with greater facility than 1n eny other organ or tissue sampled.
Evidence that this is not & general uptake by the bone but
rather a selectlve action is iIndicated by a mass absorption
curve of one of the six specimens taken at Biijiri (Fig. 14).
Inflections in the curve indicate that the beta particles having
maximum energies of approximately .2; .8, and 1.3 Mev are pre-
sent. |

A mass absorption curve of a noddy tern bone specimen
(Fig. 14) gives some indication of selective deposition in
uptake by bone. Well defined inflections which were evident
in the rat bone sample are not found; however, the presence of
beta particles having maximum energies of approximately .4,

.95, and 1.3 Mev are suggested.

Conclusions. Food habit as well as range of activitycf
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1l4. Mass absorption curves from the bones of

a rat and a tern, post shot.
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birds and rats have a marked effect upon the uptake of radio-
active materials both in absolute quantity and in variability
with different specimens. 1In those vertebrates where feeding
is confined to the shore or a relatively restricted area the
varlability is less than where food is obtained from the water
or over a relatively large area of the waters of the lagoon.
In an area of strong water currents the variability in the
specific actlvities in fish-eating birds increases greatly.

The uptake of radioactivity by land vertebrates, hovever,
does not appear to be in a state of flux as & result of the
greatly modiflied environment as does that of the invertebrates.
Rather the differences in amount and variability in uptake of
radicactive materials is probably directly related to food
habits. However, in areas of relatively great contamination,

a tendency Hr saturation of the organs by radibactive materials
rather than selective action upon the materials by the organs

may confuse the interpretation of the latter.
4,8 Radiochemical Analyses

Radiochemical analyses of post test samples of sand dredged
from the bottom of the lagoon between Rojoa and Aaraanbiru, of
beach sand from Engebi, and of soil from Rigilli, Rojoa, and
Runit were undertaken to provide & basis for comparison with
results of similar analyses of biological samples. These an-
alyses show the presence in about the expected ratio of all the

important isotopes formed in fission except strontium, cesium,
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and rubidium. Cesium and rubidium are water soluble and could
be expected to be leacl.ed out of the sand and soll samples.
A probable reason for the absence of strontium in the expected
amount is not clear.

Radiochemical analyses were made of the following ashed
| biological samples: plankton, algae, octopus g11]l and digestive
gland, fish tissues and land plantsf These specimens were from
the poét test collectlions except for one alga that was collected
before the Mike test. Little selective absorption of isotopes
by the»c -nai:on so soon after the shot is observed civept for
concentration of zirconium in an octopus gill and of rare earths
by plenkton and by a surgeon fish and a butterfly fish. Results
of these analyses are shown in Table 18.

Method Uszed. Twenty to fiftngram portions of sand or
soll samples were ashed at T700°C to destroy organic matter and
the ash dissolved 1n dilute nitric acid. Filtering the solutions
and counting the filters showed that solution of the active
material was complete. Biologlical samples were also ashed and
dissolved in dilute nlitric acld. Filtering the solutions and
counting the flltersfor these samples showed that in most cases
the small insoluble residue contalned less than 10 percent of
the activity of the sample. Duplicate portions of the flltrates
were taken and analyzed by the rollbwing methods.

Rare earths and zirconium were separatéd as hydroxides by
precipitation with ammonium hydroxide. The resulting precipi-

tate was dissolved in nitric acid and rare earths separated
-79_
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Table 18 - RADIOCHEMICAL ANALYSES OF SAND, SOIL AND BIOLOGICAL SAMPLES, POST TEST
Values percent of total recovered activity.

Plank- Octo- Land
Sample Sand Soil ten Algee pus Fish Plants
D
D) o~
-v 3 8 & 3
| o d. H g 3 g &4
Area 35 ’sgbf‘é 3 e haf g Bogallua ° b 730 Bogallua Engebi
20 L R
Sk A2 4 & 2 & § Bt 3
"Specles! (1) () (3) (4) (5) (6) (M (1 (7 (8) (9)
Tissue A B C C C D E F G
Date Dec. Apr. April Apr. April
Counted 12 1 Jan.13,'53 14 Feb.l,'53 1 14 May 5, 1953 Feb.1,'53
152 '53 153 153 1953 .
Cerium 30 31e 32 25. 24e5 515 294535 19 7345 18 43 49 29. 46. 34. 20. 26 2445
Trivalent

rare earths 22 13.5 19 21. 16. 20, 27 14 32 14 31617 15. 1be 1lbe 12.5 24 2445
Zirconium 14 20. 21 2405 2505 905 190 26 14 Lo 44 19 5 150 ll&.5 1. 32. 13 140

" Ruthenium 19 31.5 21 19. 19. 15. 20. 24 21 5¢ 2 823 33. 17.5 5.517. 22 16.5

Barium 6 — 4 6.5 4y == 35 1L B = mmmmmm == == == — 4 45
Calcium &

strontium 8 30 3 4e 1l. Le Le 1 15) 6.5 34 14 2 405 30 3. Te 11 16,
* 0 == 0 0 0 —-— 0 0 O — = - 3,5 3. 2. 30. 11, 0O o0

(1) Udotea (2) Lyngbia (3) Halimeda (4) Rhizoclonium and Enteromorpha (5) Butterfly (6) Grouper
(7) Surgeon (8) Sedge (9) Triumtetta
A Gill B Digestive Gland C Gut D Muscle E Skin F Stems and leaves G Stem

# Activity remaining in solution after precipitation of rare earth hydroxide and alkaline earth carbon-
ates and presumed to be cesium. Level of activity too low to pursue further analysis,



from zirconium by precipitation as fluorides. Cerium was sep-
arated from trivalent rare earths by precipitation as ceric
iodate. 1In analysis of Rojoa dredged sand an attempt was made
to separate trivalent rere earths from yttrium by precipitat-
ing them on lanthanum carbonate, but absorption curve study
showed that this separation #as not complete. A large fraction
of other trivalent rare earth 1sotopes had carried on yttrium
1ns£ead of on lanthanum. The twvo results were added together
and reported as trivalent rare earths. This separation was not
attempted in other analyses. Trivalent rare earths were counted
together on yttrium carrier. The rare earths were weighed as
oxalates. Zirconium was recovered from the flouride supernate
by precipitation first as barium fluozirconate and than as
zirconium mandelate, which was ignited and weighed as zircon-
ium oxide. The supernate from the hydroxide precipitation
contained barium, strontium, and calcium which were precipitated
as carbonates. Barium was separated as barium chromate and
strontium and calcium precipitated together as oxalates. Chem-
ical separation of strontium and calcium was not attempted. A
separate aliquot of Rojoa dredged sand solution was analyzed
for cesium by the standard cesium perchlorate method and no de-
tectable radiocesium was found. Since rubidium also 1is carried
on this precipitate it is evident that rubidium was also absent.
In most samples the absence of cesium was indicated by the ab-
sence of activity in the solution remaining after precipitation
of rare earth hydroxides and alkeline earth carbonates. Ruth-
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enlum vas determined in separate aliquots by the standard per-
chloric acid distillation method and by subsequent reduction
to ruthenium metel by magnesium powder.

Chemical &1eld factors were determined and applied to the
results of all analyses except barium and strontium-calcium.
Spiked samples prepared by mixing appropriate carriers and cor-
responding radioisotopes were run cohcurrently with samples.

The results are shown in Table 18 as percent of total recovered
activity. Total activity recovered Qaried from 60 to 100 per-
cent of total activity in the aliquot of sample solution used,
as determined by plating and counting triplicate one ml-aliquoﬂs
of the solution. .

Absorption curves were made of each fraction separated from
the Rojoa dredged sand and in each case showed'the energy char-
acteristic of the particular isotope separated. The curve of
‘calcium-strontium shows that about three fourths of the activ-
ity has the energy corresponding to calciumh5. The remaining
one fourth may be Srgo, Y90 anda Sr89. These mass absorption

curves and decay curves for the same fractions are presented

in Figures 15 and 16.
4.9 Absorbed and Surface Contamination

In a discussion of results, the path of the radloactive
materials to the tissue and the source from which they are taken
into the organism are important considerations. If injury to

the individual orgenism is being considered, the proximity of
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the radioactive material to sensitive céils and the potential
duration of contamination are important and are in part depen-
dent on the source of the contamination. If bilological cycling
1s considered, the nature of the contamination of each organ-
ism in the food chain affects the avallability of the radio-
active materials to the next higher organism in the chain,
i1.e., materials which have been absorbed or metabolized once
are more llikely to be absorbed in the next step than are sur-
face contamlnants.

In an evaluation of the sources of radicactive contamina-
tion, the tissues of an organism may be grouped into the fol- *
lbwing categories: (1) tissues, such as liver, bone and muscle,
which have only those isotopes absorbed from the blood and
(2) tissues such as skin, gill, shell and digéstive tract,
which may have "surface" contamination from externally adsorbed
or adhering materials in addition to absorbed isotopes. (Radlo-
active materlals 1n the digestlve tract are considered surface
contaminants as long as they have not been absorbed).

The immediate sources of surface contamination are direct
and indirect. The direct soﬁrces are the fallout particles and
the induced radiocactive materials in the sea water, air, or
substrate; and isotopes of those maﬁerials that are soluble
in water. Indirect sources are other radioactive organisms

which are ingested by the specimen or commensal with 1it.
4.9.1 Speck Contamination

Autoradiographs have shown that the distribution of
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radioactivity in the samples 1s often limited to isolated areas
or "specks", most of which are assumed to be fallout particles.
The term "speck" contamination 1s used to denote spotty activity
on organisms, presumably caused from inscluble radioisotopes.
The identification and distribution of "specks" in sand, plank-
ton, algae, invertebrates, fish and land plants are discussed

below.

Sand. An autographic technique found uséful for locating
these radiocactive particles involved spreading sand on scotch
tape, inverting to remove loose particles, and exposing with
firm contact against fast film. After developing, a poéitive
transparency was printed on the film to be placed beneath the
sand sample so that when in perfect registry the radioactive
particles would be 1illuminated if viewed by transmitted light.

Engebi beach sand showed spots that were associated appar-
ently with only the finer sand particles. Some of the active
particles were isolated by successive dichotomous ¢ivision of
a sample of sand and retention of the more active half, as de-
termined by the end window survey meter, until the individual
particles which contribute most of the radioactivity could be
picked out under the microscope. In Figure 17 =sand =amnles
and active and non-active particles .which have been separated
from the samples are shown. Counting rates for the particles
are given in the legend for the same figure.

In Biijirl dredged sand radiocactive particles were dif-
ferent in sppearance from inactive particles. Actlve particles
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Figure 17. Photomicrographs of Engebi beach sand on ashing

plates counted May, 1953. Magnification 23x,
except for A and D which are 8x.

Photo c¢/m Description or remarks

A 1,370 Entire sample welghing 6.2 mg typical of plates
1 through 100. _

B 1,680 White sphere from upper right portion of A.

C 930 Another white sphere fused to a larger irregular
particle. :

D 1,130 Most of sample showing sphere of C near bottom.

E 3,300 Central, white sphere bearing two protrusions.
Total plate 3,800 c/m.

F 1,160 White sphere fused to irregular particles. Total
plate 2,900 c/m.

G 2,300 ©Spheroid with equatorial protrusions. Total plate
3,200 c/m.

H . 2,900 Other side of same particle (G) showing a dark

, inclusion.

I 4,000-5,000 estimated using end window survey meter.
Fragments of & white, hollow sphere broken in
handling. Total plate 5,500 c/m.

J 1,400 Three irregular particles. Total plate 2,100 c/m.

K 1,900 Central, white sphere with protrusions. Total
plate 2,200 c/m. _

L 8,000 "Hottest" particle encountered; sphere with pro-
trusion. Plate 8,600 c/m.

M 2,000 Irregular particle with heat-smoothed appearance.

N 7,800 End view of mottled, gray cylinder lmm long.

0 450 Unsmoothed, chalky fragment. .

P 6,000 Particle with heat-smoothed appearance of upper
surface.

Q 1,300 Mottled, irregular particle.

R 300 Eight particles some of which were suspected of

belng radioactive from their appearance,but which
gave no reading on end window survey meter.






vere chalky looking and lacked even the slight hyaline lusfer
characteristic of most inactive sand particles. One of the
larger of these,as well as the sand sample and autoradiograph
by means of which it was located, are shown in Figure 18.

Autoradiographs of plates of ashed biological samples were
made to compare the nature of the distribution of the activity
found in these specimens with that of the Engebi and Biijiri
sand samples (see Fig. 19). Activity of the tissues with ab-
sorbed radiation was diffuse. For those tissues with possible
"surface" contamination the distribution of activity was spotty
and similar to the sand samples. Photographs of the plates
(Fig. 20) show that the ash is evenly distributed and that
the unexposed portions of the autoradiographs are not due to
the absence of ash.

Plankton. The spots on plankton autoradiographs from
samples dried on filter paper were associated'primarily with
a vhite, amorphous materlal of cheesy consistency, which may
be the counterpart in the water of the chalky material 1in the
sand. The autoradiographs also showed some activity assoclated
with organisms. However, almost every kind of organism that
showed activity in one individual would in another case fail.
to show it. Thus, among foraminifera, gastropods, mysids, and
other crustacea there could be found some radliocactive and some
non-radiocactive individuals. Activity tended to be proportional
to mass of organisms. This suggests that minute particles sus-

pended in the water, pr possibly even a certain amount of dis-

- 88 - R l‘\‘f{iﬁﬁvq “

i



Figure 18, (upper). Autoradiograph actual size of Biijiri-

Ko joa dredged sand on 3/4-inch scotch tape.

Figure 18, (middle). Photograph, 1.8x, of the same sand
preparation partially illuminated from below through a positive
transparency of its own autograph.

Figure 18, (lower). Photomicrograph, 20x, of the large radio-
active particle near top center of preceding figure. This
irregular, chalky particle welghing 0.6 mg, when removed to a
plate on May 18, 1953, counted 5,300/m in the Nucleometer.
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Figure 19 - Autoradiographs actual size of eleven of the
more radloactive post test ashed samples. Pictures should
.not be compared because of different photographic treatment.

Number Plate

423
407
403
427
353
554

483
500
676
816
819
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Locality
Boggllua
1

"
"
"
"

Eng?bi

L}

Aaraanbiru
"

|

Organism and tissue

Damselfish muscle
Tridacna (clam) muscle
Octopus digestive gland
Damselfish viscera
Plaﬁkton

Hermit crab viscersa

H. atra (cucumber) gut & contents
Tattler (bird) gizzard

Lyngbia (alga), entire

Jana-like alga, entire
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Figure 20 - Photographs approximately actual size of 11
of the more radioactive post test ashed samples whose
autoradiographs are shown in Figure 19. Orientations do
not necessarily correspond in the two figures.
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solved radloactive material, mey accumulate on the surface of
plenkton orgenisms, and that in addition there are larger par-
ticles (the cheesy material) suspended in the water.

Algae. In order to eveluate the "speck" contamination of
algae, autoradiographs of washed and unvashed specimens were
made. Washing was done by scrubbing with a brush and detergent
and was followed by rinsing with running tap water.

Autoradiographs of an alga, Udotea, before and after wash-
ing, are shown in Flgure 2le and . Some of the radloactive
spots were removed by washing, but most of them were not, showing
that & ma jor portion of the radloactivity 1is actually present
within the alga. The even distribution of radicactivity in the
fllaments of Lyngbla and in the ramuli of Bryopsils, shown in
¢ and d of this figure, indicate that "speck"_contamination is
of minor importance‘in these specimens. In one alga of the pre-
shot collection (Fig. 2le) adhering soil particles wvere res-
ponsible for numerous hot spots in the asutoradiograph. The
autoradiographic method has indicated the presence of both sur-
face and absorbed contemination in the algae collected before
and after Milike shot. The relative emount of speck contamina-
tion was high in some cases and low 1n others; however, & quan-
titative estimation cannot be made..

Invertebrates. Among the invertebrates, sn outstanding
example of spotty distribution of activity was the occurrence
on a plece of coral of the genus Acrorora, taken at Bogallua

November 8, 1952, of 3 highly radioactive nodules firmly at-

-
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Figure 21.

Autoradiographs of algae exposed to Super

xx Pan Film. (a) Udotea before washing, 2%
hours exposure; (b) Udotea, same plant
?f§er washing wi?h)detergent, 60 hours ;

c¢) Lyngbia and (d) Bryopsis, 52 days;

(e) Enteromorpha and Rhizoclonium, 60 éays.
{(a) to (d] post shot, (e] pre-chot.
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tached and probably of foreign origin. The nodules did not
appear to be part of the coral but were so well attached that
wvhen one of them- was removed for counting it could not be sep-
arated from the coral without being broken. This unashed hol-
low sphere weighing 1 mg yielded 100,000 d/m. It is possible
that these bodies were cysts produced by the coral itself,
either.  for the purpose of walling off irritating, highly radio-
active particles, or that they were rapidly-growing neoplastic
growths which had concentrated a great amount of radiocactivity
since the time of the blast. See Figure 22c.

Photographs and autoraediographs of Hellopora and of the
ebove samples of Acropora collected at Bogallua are shown 1n
Figure 22a and b. The specific actlvity of the Acropora was
7,000,000 d/m/g and of the nodule 100,000,000 d/m/g, i.e.,
100,000 d/m/mg. After the autoradiograpﬁs wvere made another
pilece from the same sample of Hellopora was used in an attempt
to complement the results with quantitative data. The thin
outer layer, about one millimeter thick, the dense medlan por-
tion corresponding to the least dense portion in the autoradio-
graph, &nd the relatively porous central portion were separated
from one another and ashed for counting. The resulting spec-
ific activities were 3,400,000 d/m/g, 160,000 d/m/g and 1,000,000
d/h/g respectively. It seems likely that the radloactivity
found in the median portion lined small cavities which are pre-
sent in the skeleton rather than actually being incorporated

in the coralline material.

at \Q
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Tigure 22. Corals found on Bogallua November 8, 1952.

(a) Photograph of Acropora (top) and Heliopora
(bottom), actual size; autoradiographs of
corals shown in (a); (c¢) enlargement of marked
area in (a) - the white nodules were firmly
attached to the coral - arrow indicates nodule.
?nicn)was broken open showing hollow nature
X-l} .
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Fish. In fish a falrly even distribution of active mater-
ial is seen in muscle, liver, gut, and to some extent in bone.
Most of the activity was in the gut and liver as indicated by
counts as well as by autoradiographs. The activity is 1e%s evenly
distributed on or in the skin, in that more"”specks" were in evi-
dence in this tissue.- In some fish a concentration of activ-
1ty was noted in the gills (Fig. 23) or in the teeth (surgeon
fish, fig. 24). Carnivores end omnivores showed striking dif-
ferences in the amount within the body cavity (Fig. 24).

Land plants. Washing with running tap water removed 10
to 20 percent of the activity on the land plents 1In most cases,
although a much higher percentage of the “"speck" contamination
was removed by_this method from the'ieaves of a grass collected
at Engebi (Fig. 25). The remainder of the radioéctivity was
ﬁartly spotty and partly homogeneous in distribution. The spotty
activity was probably due to material that was not washed from
the external surfaces of the plants, and the homogeneous activ-
ity was the result of dissolved radioactive material that had
been actively absorbed and metabolized by the plant. In leaves
radioactivity was highest 1n the veins, the conductors of eb-

sorbed msterials throughout the leaves.
4.,9.2 Other Surface Contamination -

The general problem of surface contamination from indirect
sources is 1llustrated by specific examples such as the contam-

ination found on the carapace of a crab, on the shell of a clam,

i
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activity in the gills.

Figure 23a. Autoradiograph of goatfish, Mulloidichthys auriflamma, showing redio-

Blue Brand Dec. 3, 1952 to Jan. 5, 1953.

75, 600.

Figure 23b. Photograph of fish used in above autoradiograph. Section of verte-
brae removed for counting. Counts in tissues were as follows :
muscle, 1,660; skin, 17,500; bone, 16,000; liver, 29,900; gut,



Figure 24a. Photograph of the right half of a butterfly fish,
Chaetodon citrinellus (omnivore, upper left, both
halves of a damsel fish, Abudefduf glaucus {omni-
vore, top center), both halves of a wrasse, Hali-
choeres margaritaceus (carnivore, upper right7],
left half of a grouper, Epinephalus merra (carni-
vore, extreme left), right half of a cardinal,
Apogon bandanensis (carnivore, left center), left
and right halves of a surgeon, Acanthurus elongatus
(omnivore, right center and extreme right), and a
squirrel fish, Myripristis pralinius (carnivore,
bottom). All fish collected at Bogallua, Nov. 8, 1952.
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Figure 24b. Autoradiograph of the fish pictured in Figure 24a.
Activity is greatest in the surgeon fish, moderate
in the butterfly, wrasse and damsel fish, and
slight in the grouper and squlrrel fish. Counts
in d/m/g of the tissues of the surgeon fish were
as follows: muscle 26,000, skin 150,000, bone
120,000, liver 400,000, and gut 6,800,000. Counts
in the sqguirrel fish were: muscle 10,000, skin
31,000, bone 16,000, liver 30,000, and gut 21,000.
(Autoradiograph produced by 8 days exposure,

Jan. 6 to 14, 1953).
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Figurs 25.

Land plants from Engebi, post shot. {a) Photo-
graphs No. 597 and 599, portions of Triumfetta
procumbens; No. 598, Fimbristylis cymosa, upper

portion not washed, lowser portion washed with
running ta% water. (b) Autoradiographs of the
plants in (a), 7 days exposure to Super xx Pan
film.
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in the skin and gut of the sea cucumber, and on the outer sur-
faces of algae and land plants.

Usually the crab carapace was prepared for ashing with-
out any attempt to scrub or scrape the surface. In one Ilnstance,
however, one half of the carapace was prepared as usual while
.small amounts of algae and unidentified material were scraped
from the surface of the other half. These scraplings were found
to have a specific activity more than ten times that of the
carapace as a whole (150,000 d/m/g compared with 14,000 d/m/g).
When the small proportion of the total weight of the carapace
represented by the surface material 18 considered, it is clear
‘that little if any of thé radiocactlivity was actually deposited

in the exoskeleton.

A similar situation was found with ¢lam shell, where mat-
erial scraped from the surface had a specific activity 68 times
that of a portion of the shell teken as a whole (6800 d/m/g

’compared to 100 d/m/g). In this case the surface material
makesup an even smaller proportion of the total weight>than it
does in the cradb carapace.

Contamination of the skin of a species of sea cucumber,

H. atre, is -evident from a comparison with a second speciles,
Stichopus sp., collected at Aarsenbiru (Table 19). A totsl

of nine speclimens was collected in four to seven feet of water
within an area of less than one thousand square feet. The two
species live side by side and ere both detritus feeders. H.

atra, however, has a habit of coating itself with sand while
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ever be omnivorous, since a simlilar Pacific Coast species 1s
known to stun prey with the violent snapping of & specilalized
claw, hence the name, "pistol shrimp." It is difficult to
concelve how, living encased in a cylinder of highly enmeshed
fllaments of algae, 1t could feed on anything larger than very
small plankton, 1if that, in addition to the algae. The simi-
larity of the specific activities found in the viécera of the
shrimp and in the algae, as shown below, indicate the effect

of food habit upon the radioactivity of the digestive tract.

Rigili Runit
d/m/g wet d/m/g wet '
Shrimp '
muscle 15,000 7,000
viscera 110,000 31,000
Algsae 210,000 36,000
- 103 -



5. CONCLUSIONS

The radioactivity of the six groups of organisms by islands
is summarized in Table 20.

The individual counts for pre-ghot samples ranged from O
to 80,000 d/m/g of wet sample and the distribution of counts was
strongly skewed to the left. A count of zero was obtained from
samples collected at all islands and for most of the groupé.

For the post test samples, individual counts ranged from O
to 14,000,000 d/m/g wet. The few zero counts were from Japtan
or Igurin. Counts of 1,000,000 d/m/g or greater wére obtained
from a1l groups of living organisms other than land vertebrates.
The distribution of post test counts was also skewed to the
left.

The average values (Table 20) are those of all samples pre-
pared for counting and may include more than one sample from
one speclmen. A comparison of one group with another 1s limited
by the differences between specles aﬁd tissues as well as by the
varlations in sampling; however, the number of samples proces-
sed warrants the belief that trends are indicated. Although
the range in values for one group of organisms at one station
mey be considerable, the order of magnitude of differences be-
tween 1slands and between groups is great encugh to clearly
indicate a constant order in the ranking of the groups and a

definite pattern of distribution by stations.

Ranking of the groups for both the pre and post shot col-

lections (1) by the station with the greatest activity or (2)
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Table 20 = RADIOACTIVITY OF SANPLES SUMVARIZED BY GROUPS AND BY ISLANDS
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by the three stations with the greatest activity, or (3) by
all stations gave the same order, with one exception, and was
as follows: algae, invertebrates, plankton, fish, land plants
and land vertebrates. The exception was that of the post shot
land plants, which ranked third.

The pattern of distribution of activity of the pre-shot
collections clearly 1ndicates the areas of former test sites -
Engebi, Aomon-Biijiri, and Runit. Pre-test collections at
other stations had considerably less activity, which decreased
with distance from the test site in the followihg order: Bog-
ombogo, Runit, Igurin, and Japtan. The activity at Japtan Island
was not much greater than that vhich would be expected from
naturally occurring 1sotopes. An exception was the counts of
plankton samples, which were greatest on the western side of the
atoll. This distribution might be expected because of the move-
ment of the surface currents from east to west.

" For the post test collections the center of distributlion
vas shifted toward the site of the Mike shot. For the outlying
stations there was again a marked decrease in activity but with
greater activity, as related to dilstance from Mike site, on the
wvestern side of the atoll than on the eastern side. There was
& slight but definite increase in activity at Japtan.

The ratlo of post shot to pre-shot actlvity &s determined
by the averages for each group of organisms wes approximately
300 for the aquatic organisms and 1,000 for the land plants and

vertebrates.
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6.

RECOMMENDATIONS

(1)

(2)

(3)

(4)

(5)

(6)

For subsequent studies of radiological contamination
at weapons test sites 1t would be advantasgeous to all
concérﬁed to start the program planning sufficiently
far in advance of the tests to insure better coordin-
ation with the task force.

A laboratory should be established on Parry Island,
Eniwvetok, to serve as headquarters for persons work-
ing on radiological studies of the faune and flora of
the atolls.

Continuity in the study of problems of radiologicel
contamination is essential at Enlwetok and Bikini in
order to formulaete a basis for understanding the scope,
direction, and duration of the problems involved.
Studles by a staff of specialists should be conducted
ét.Eniwetok. These specialists might serve on a rota-
tion plan so that, although the number of persons at
the atoll at any one time might be limited, the total
observational, collecting end study contributions made
by such individuals would be great.

Iaboratory-type experiments, both at Enlwetok and at
1abofator1es on the mainland, ere essential to an eval-
uvation of the phenomena obsefved during and following
the test programs.

Increased emphasis 1s needed to evaluate the physical
nature of the radioactive materials and the mode of
contamination.
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Iist of algae collected at Eniwetok, 1952 arranged in phy-ogenetic sequence.

Name Faml 1y Isglands at which
Colie nad___q
o £ o
60 |8 T
Bl ELE
q E e B e lEle S
2 -Ein Old |®© O jas b |
'% % 31 5 2 =]
1. Entophysalls crustacea (J.Ag.;Dr.&Daily Chroococcaceae =
2., Lyngbya sordida Gom. Oscillatoriaceas| |x|x|x|x x
3. Lyngbya spe _ u x| x| |x{x
4, Symploca hydnoldes Gom. " x
5. Plectonema VWollei Gom. Scytonematoceae x
6. Calothrix sp. : Rivulariaceae b's X
7« Ulothrix implexa Ulotrichaceae x
8. Enteromorpha prolifera (Fl.Dan) J.Age " ‘ ] Ix
3, Enteromorpha sp. " X
10, Rhizocleonium riparum Harv. Cladophoraceae x
11. Caulerpa racemosa var. clavifera (Turn)
Weber Caulerpaceae X|x x x|x
uvifera (Turn) van Bosse ; n x|x x x|[x
12, Caulerpa serrulata var. typica Tseng. " x| |x|xix|x} [x
13, Caulerpa spe. .on x
14« Vaucheria sp. Vaucheriaceas b'd
15. Avrainvillea lacerata (Harv.) J.Age Codiaceae x
16. Codium SPe " X
17. Halimoda monile (Ellis & Sol.) Lamx. " x x| |x| |x| |x
18, Halimeda stuposa W. R. Taylor n xixIx|x[x| {x|x
19. Halimeda sp. " x|xix|xix|x]x|x|x
20, Udotea sp. n >4 x b'e
21, Bryopsis pennata Lamx, - Bryopsida.ceae x|’ x| |xix
22. Bryopsis sp. x X
23, Dictyosphaeria cavernosa (Forrsk) Borgs. Valoniaceae x
240 Mcrodictyon sp. x x
25, Valonia sp. n x| Ix X |x
26, Dictyota pinnatifida Kutz. Dictyotaceas x pefx|o1x|xixjx
27, Dictyota sp. : " ' x
28, Padina Commersonnii Bory n x
29, Pocockiella Papenfussii W. R. Taylor "o x
30. Asparagopsis Sanfordiana Harv. Bonnemaisoniaceae [x
3l. Jania rubens (L.) Lamx, Corallinaceae x
32. Jania sp. " x| Ix

Groups: 1 to 6,‘ blue-gresn; 7 to 25, green; 26 to 29, brom; 30 to 32, red.
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Iist of algae collected at DIniwetok, 1952 arranged in phylogenetic sequence, con'te

Name Fami 1y Islands at which
‘ Collect % -
(=]
gl | (5 2
81512120 [a(5 1 15
o |0 [BlO (O prt
SRR
3 I~ 2 M/ 5 <t |-<C O [
33, Ceramium sp. ‘Ceramlaceae x| Jx| |x
34 Centroceras clavulatum (C.Ag.) Montagne n x
35. Centroceras sp. n x
36. Laurenciz sp, Rhodomelaceae b'd
37. Polysiphonia sp. " x X
38+ Roschera calodictyon (Harv) W.v.Bosse u X X

Group: 33 to 38, red.
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Appendix Table 1. INDIVIDUAL VALUZS OF PRE-TEST INVERTEBRRATE SAMPLES
Thousands of d/m/g Wet Sample

(WVhen the same value occurs more thon once in a

cell the number of occurrences follows the par-

entheels.
otherwise noted)

Gut includes contents except where

P
seaple

Rigili

AIBcgc:bogo

Ecg:ﬂbogofincebi
dredse Jlnnet

Engobi
Cuter

Engebi
dredge

Aonon

hoazon
dredge

Pii-]Runit
raal

S
Sponge
WNorms
Hydrodd
Corzl, hard
starfish

3.2; 16
'30

o{L; .20
3.9

A2

o(3; .7

18
.92

.76

£26(2
»52

3.0
.96;3.6

0{2;.32
8.5

[Brittle sters .
Urchins, entire
test
gut
other tissue

.35;.42;.86
6.6;7.1;18
+343.20;.99;6.

5]

.Bl
2.%
40

.05
.02

test

gut

other tisaue
|sand doller test

Teart urchin, ani:;c]

2.3

3.9

S

.52

2,2
1.9

soft jarts
Cucumber, entire

integument

gut

other tissue

(=X}

08 1.0

.10;.26
05%; 36
3; .04

.05; €6
3.6; 3.9

.11

.05;.58
.28

.83
J53%;3.2

.30
£9¢
.81

7.3

2305055
Sy .78
.29

parnacle

Shrizp, entire 0
soft parts
excskeleten

|Hermit crab, entire

|

.82
35

2.4

16

«59 .89

2.4

digest, sysiex
guscle
exoskeleton
cephalothorax O
abdezen 0

02
0{2
0(2

b
.03

.08
.68
1.7
215

1.8
«55

73
.80

1.2

Crab, cise; entire
exoskeleten
£ll1s
digest. systex
suscle

o3

o{2

6193.20(2;.6&;.$§

1.5
0

2,8; 6.5

1.4

.8

93101

b5 2.5

Ocyngdc,dig.systeqj
gills
nuscle
exoskeleton

G £repsus, dig. sy,

giils
muscle .

Eriphle, dig. ayst.
£ills

2°

exoskeleton [
o]

O00QOCO:
~
»N

muasclc
exosxeleton
ecps

Snail, ez collar
soft parts

[=X~]

of4

,+06

[0;.03;.13;.511.16;.19;.50;.93;3.5

w

liver
shell
se& hare gut
Clans, eatiry

foot 0
_lo
[o(3;.27;.47.0

|

57
0(2;.55

o(h; 11

21473.3

.52;.53;1.6;8.3

OOl O
&

.03
-33;

17
1.7;60 3.2

53.654.2;15;16
2,2

2.0

;.9&;1.1;2.&;3.5 0;.52
22 .

0{3;.79

0(2;.63]1.7
L7631, 5

scft perta

foot

viscerel zass

siphons

mantle

ousclo

shell
Jsusnenen, entire

soft perts
_..ahell

[=Xa]

07

{25530

1.7

«32;1.0;1.4

.lO;.iZ“- )
20 0

A0

lephilejes, entlire
lyz;h heert

tentacle
Tunjcate

Yean

Kusder v 123
| o7
Steanderd Cnvlnyianf.oqh !.099> 1.503

3

A IAY

-237

LS 10

25,60 |

2398

9.2

.28

1.1

o(2

0(2

KET)
.06;.07]

.03

L7060

1.2
2.5

.7A;1.§}

2.8
5.0

lnnor &
t,,_.;C?sz i
39 57
5.405 3.738

1894 (7,77

.26
.58
.30

.02

JUU—

1.148

1.67

W (18 {3 |17

o ey

.018;3.971

026113.6 14,11

* pdithout put contents.
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List of Specific Activity of Post Shot Invertebrate Samples

JAPTAN
Soft coral Bg. Hermit crabs (Continued)
Corals Pagurus (Continued)
Montipora Bg. muscle 0.029
Porites Bg. Xanthid
Pocillopora Bg. carapace & muscle 0.14
Heliopora Bg. viscera & gills 0.050
Xanthid
Anemone Bg. carapace 0.20
. gill 0.058
Starfish gastric mill 0.098
Asterid 0.16 liver 0.039
Asterid 0.47 muscle 0.068 "
Sea cucumber True crabs
H. atra Grapsid
body wall 0.057 carapace & muscle 0.10
gut 0.14 viscera 0.13
resp.tree 0.063 .
Sneils
Hermit crabs Vasum
Cenobita shell Bg.
carapace 0.17 soft parts 0.059
gills Bg. -
gastric mill & Clams
gut . 0.081 Tridacna
liver 0.044 shell Bg.
muscle 0.088 mantle 0.039
Cenobita muscle "0.055
carapace 0.20 . liver 0.33
gills Bg. visceral mass 0.076
gastric mill & gill 0.12
gut 0.39
liver 0.062
muscle 0.051 ,
Calcinus IGURIN
cephalothorax 0.11 :
appendages 0.26
viscera 0.062 Soft coral 1.1
integument 0.082 Soft coral 0.20
Pagurus Corals
carapace & Porites 0.52
integument 0.061 Pocillopora 0.28
g111 Bg. Heliopora 0.96
gastric mill 0.12 Acropora 0.38
liver 0.055
- ll4- - . “'J‘
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IGURIN (Continued)

Sea cucumbers
H. atra
body wall
gut
resp.tree
H. atra
body wall
gut

H. sp.
body wall
viscera

Hermlit crebs
Cenobita
carapace
gllls
gastric mill
gut
liver
muscle
Cenobilta
carapace
gill
gastric mill
gut
liver
muscle
Pegurus
- liver
abdomen
legs
eggs

True crabs
Ocypode
carapace
gills
gastric mill
liver
muscle
green gland
Grapsus
' careapace
gills
gastric mill
liver
muscle
green gland

eggs

53.

True crabs(Continued)

Eriphila
carapace
gills
gastric mill
liver
muscle

0.087
0.48
0.28

750

3.4 Turbo
shell
mantle

Snails

gill
foot

© OW
\O O

w

Clams

HEEWW O00MOKH OCOoOUNWor
MEIN FONOREE NN
OoNO

. .

gill

algae,

viscera
Purpura
shell
soft parts
Morulsas
shell
sof't parts
C. moneta
shell"
soft parts

Tridacna

shell

mantle

muscle

liver
visceral mass

sponge & sand

scraped from shell

+ OFOHN
\%\OUJ\O

R -

RIGILI

Sponge
Red
¥White
Black

COOOWKK TWoOOOW
H\U = O3 0oWUm

~nnoe

. . . . . L]
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Oysters
Isognomon

shell
sof't parts

P

,fwv wé‘Hi v

coorOO
R Koo
FU0 WO F

me o I e

OV OO0 00O £HFONOO
VIR Wi N1 &=

0.25
C.15
1.1
3.7
0.22

6.8

14,

hi.
15.



RIGILI (Continued)

Corals True crabs (Continued)
Montipora T.4 Grapsus (Continued)
Porites 12. green gland 6.1
Pocillopora 2.5 swimmerettes 88.
Acropora 8.9 Eriphia
Leptastrea 46. carapace 43.
gills T4
Starfish gastric mill 76.
Linkia 19. liver . 22.
muscle 1.1
Sea cucumbers eggs 9.9
H. sp. Eriphia
body wall 8.8 carapace 20.
gut 120. gills 6.2
resp.tree ' 2.9 gastric mill 9.5
H. fuscorubra liver 12.
body wall 22. muscle 3.3
gut 260. green gland 2.9
resp.tree 4.2 eggs 8.3
Shrimp Snalls-
Crangon Turbo
muscle 15. shell b.4
viscera 110. mantle & gill 41.
gut _ 55.
Hermit crabs liver 220.
Dardanus foot 3.5
carapace k.9 Abalone '
gill 5.5 mentle 7T
gastric mill & *viscera 140.
gut 16. *yiscera 160.
muscle 2.0 foot : 2.1
liver 13. Drupa
integument 7.4 shell 10.
eggrs 2.3 foot & mantle 11.
Pagurus viscera 400.
“thorax 82. Vasum
viscera 140. shell 0.56
integument 140. mentle 0.56
legs 43. viscera . 1.2
eggs 49. foot 0.35
Morula
True crabs shell 6.0
Grapsus soft parts 3.0
carapace 13. Planaxis
glills 42, shell 23.
gastric mill 6.4 soft parts 3.3
gut 2
liver 34.
muscle 1.7

*Two samples from the same animal.
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RIGILI (Continued)

Snails (Continued)

C. moneta
shell

foot & mantle

viscera

Clams

Tridacna
mantle
muscle
liver
visceral mass

Oysters

Isognomon
shell

soft parts
Spondylus
shell
mantle
muscle
viscera
gonad

BOGALLUA

Sponges
Red

Soft coral
Corals
Pocillopora
Heliopora
Acroporsa

Sea cucumbers
Stichopus
body wall
gut

True crabs
Xanthid

Octopus
tentacle

gill
liver

3.8
16.
150.

oCWwoMH
~\0 WU
w

170
45,

(o)

1.1

15.
T.7

110.

23.

3100.
770,

700.
680.
7,700.

110.
5,900.

780.

25.
110.
4,100
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Clams
Tridacna
shell
mantle
muscle
liver
visceral mass
g£i1l
Tridacna
shell
mantle
muscle
liver:
visceral mass
gill

ENGEBI

Corals
Pocillopora
Hellopora
Acropora
Fungila

Sea cucumbers
H. atra
body wall
gut
resp.tree

Shrimp
Crangon

Hermit crabs
Dardanus

gastric mill &

gut
muscle
leg

True crabs
Xanthid

-- Grapsid

Snails
Morula
shell
soft parts

75.
140.
- 56.
110.

350,
120.

170.
92.
52.

130.

700.

330.

770.
220,
7,100.
45,

52.
15, 000.
100.

330.
7,600.

410.
750.

1,800.
450,

190.
100.
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ENGEBI (Continued)

Clams
Tridacna
shell
mantle
muscle
liver

visceral mass

gill

AARAANBIRU

Hydroids
Pennaris

Sea cucumbers

H. atra
body wall
gut

H. atra
body wall
gut

H. atrsa
body wall
gut

H. atra
body wall
gut

Stichopus
body wall
gut

Stichopus
body wall
gut

Stichopus
body wall
gut

Stichopus
body wall
gut

Stichopus
body wall
gut

Hermit crabs

Calcinus
thorax
abdomen

True crebs

Ocypode
carapace
gills

ks, muscle

22. viscera

10.

24, Clams

460. Tridacna

51. shell
mantle
muscle
liver
visceral msss

Tridacna
mantle
muszle

a80. liver
visceral mass
gill
140. Oysters
4,600,  ~Eocndylus
mantle
230 viscera
1,100. gi11
17.
5, 800.
RUNIT
64,
6,800.
Sponges
.8.5 White
2,600. White
5.4 © Corals
5,800. Porites
7.2 Starfish
4,400. Linkia
6.1 Sea urchins
4,200. Echinometra
test
5.“’ "jB.WS"
3,600. gut
caeca
ovary
4o, Sea cucumbers
23. H. atra
body wall
- 118 -

20.
190
3.1
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120.
7.

35.
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. RUNIT (Continued)

Sea cucumbers (Continued)
H. atra (Continued)

gut 130. shell
resp.tree 12. foot & mantle
‘ viscera
Shrimp
Crangon Clams
muscle 7.0 “Tridacna
viscera ' 31. mantle
carapace . 32. muscle
gill 30. viscera & gill
eggs & swimmerettes 9. Hippopus
shell
Hermit crabs mantle
Calcinus muscle
thorax 23. viscera & glll
abdomen 30. .
appendages 8.6
True crabs
Ocypode
carapace 3.9
muscle 1.2
viscera 5.9
Grapsus
carapace 29.
gills 56.
muscle 1.8
viscera : 160. ADDENDA
Eriphia
carapace 13. JAPTAN
gills 36.
muscle 0.76 Sesa Urchin
*yiscers 15. Echinodermata
*viscera 26. test
swimmerettes 19. viscersa
Snails RIGILI
Turbo
shell 2.9 Grepsus
foot & mantle 5.1 carapace
viscere 42, gills
Nerita gastric mill
shell - 5.2 gut
mantle 3.0 liver
viscera 45, muscle
foot 3.4 swimmerettes
*Two samples from the same animal.
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Snails (Continued)
C. moneta

W o+
A

= O\

HOOW owwum
O M\O
H=wW

¢« 9o o .

bg.
bg.

14,

62.
280.

240.

62.
0.90
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Appendix Table 3 - COMMON NAMES, GINERA AND SPECIES C¥ FISH USED FOR

COUNTING AND NUMBER OF SPECIMENS

Common Name Genus Species Spgg_{mggs
CARNIVORES ‘

: Grouper Epinephalus merra 11
n elongatus 3
" macrospllos 1
Wrasse Halichoeres trimaculatus 17
" " margaritaceus 4
" kallochroma 1
n notopsis 1

Thalassoma quinquevittata 5
Stethojulis axillaris 9
Gomphosus varius 1
Cheilinus Spe. 1
Pseudocheilinus hexatania 1
Squirrel holocentrus mi crostomus 6
" lacteo-guttatus 5
" diadema 4
Myripristus argyromus 2
" pralinius 1
Goatfish Mulloidichthys samoensis 6
" - auriflamma 3
Parupeneus barberinus 1
Cardinal Apogon snyderi 5
n novenfasciata 6

" doryssa 1
Eel Gymnothorax buroensis 4
" picta 1
" undulata 2
Goby Valenciennea strigata 3
" sexguttata 3
Gobiodon citrinus 5
Snapper Lethrinus mi.crodon 2
Lutianus janthinuropterus 2
" monostigma 1
0, e

o BALY
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Appendix Table 3 (continued)

Common Name Genus Species No. of
Specimens
CARNIVORES (Con't.)
Jack Caranx sexfagciata 3
Smelt Parapercis montillae 1
Halfbeak Hyporhamphus dussumieri 2
Reeffish Pseudochromi.s nigricans 5
Flatfish Bothus mancus 1l
OMNIVORES
Damsel Abudefduf biocellatus 30
n lacrymatus 4
w sordidus 3
_ L vaiuli 1
Pomacentrus Jjenkensi 4
Surgeon Acanthurus triostegus 12
" elongatus 3
Naso litturatus 1
Butterfly Chaetodon citrinellus 3
n lunula 3
n auriga 5
n ephippium 1l
Parrot . Scarus erythrodon 10
" sordidus 5
Blenney Istiblennius edentulus 6
" paulus 3
" corocnotus 1l
Mullet Neomyxis chaptalli 5
Puffer Canthi gaster solandri A
Brotulid Dinemathichthys iluocosteoides 1
Filefish (Cxxymonacanthus longirostris 1l
TR
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IList of land plants collec.ed at Eniwetok, 1952 arranged in phylogenetic

Sequence.

Islands at which

Name Family Collected
o
&
SIS IE e oo
SEEHEE
SHEEIREIREE
1. Calocera spe Dacromycetaceas x
2. Marasmius sp. Agariceae x
3. Mycena sp. " x|x
Le Xylaria sp. " X
5. Physcia picta (Swartz) Nylander Physciacoase X
6. Pandanus spe. ) Pandanaceae X
7. Tacca leontopetaloides (L.) Merrill ‘Taccaceae x
8. Lepturus repens (Forster) R. Brown Poaeceas x|x x|[x
9. Fimbrystilis cymosa R. Brown Cyperaceae X
10. Cocos nucifera L. Palmaceae x|xlx
11, Cassyths filiformis L. Lauraceae x
12, Sida fallax VWalpole Malvaceae x
13. Triumfetta procumbens Forster Tillaceae x|x|xl x| |x
14+ Portulaca lutea Solcnder Portulacaceae b4
15. Portulaca oleracea L, " x
16, Portulaca quadrifica L. "
17. Portulaca sp. " E XX
18. Boerhaavia tetranda Forster Nyctaginaceaa x
19. Boerhaavia sp. n X
20. Ipomoea alba L. Convolvulaceae |x|x x| |x
21. Cordia subcordata Lamarck Boraginaceae x| |x
22. Tournefortia argentea L. I X|xX|xix|x [x|x
23, Canavalia microcarpa (DsCandolle) Piper Leguminosae X
24. Guettarda speciosa L. Rubiaceae x
25, Morinda citrifolia L. " x|x
26, Scaevola frutescens (1ill.) Krause Goodeniaceae xx|x xix| |x

1 to 4, fungi; 5, lichens; 6 to 26, flowering plants.
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Table 4 - RADIOACTIVITY OF BIRDS, POST SHOT
Thousands of d/m/g Viet Sample

F.Te = fairy tem T, = turnstone
NeTe. = noddy tern W.T. = wandering tattler
A.T. = arctic tern C.Te = crasted tern
G.P. = golden plover 5.T. = sooty temrn
Type Proven- Glzzard Gut
Island of Skdn Muscle Bone Iiver triculus and and Lung
Bird and con- Contents contents
tents
Igurin FoTa 0.93 0035 103 0.0M 0,18 0,22 0,77 ===
F.T. 107 0034 0082 0.064 0.18 0.16 0.22 i -
N.T,. 0.94 0,087 1.0 0.14 0.10 0.30 0ol weme
Ave. 1.2 0426 1.0 0,083 0,15 0,23 004l —o—e
ngili F.TO 0.23 0026 00(35 0@019 0516 0.12 0023 e————
NoT. 0.59 0,80 0,90 3.4 2.3 3.3 10. —
NoTe 53. 1.2 90. 9.0 bedy 13. 38e 1.9
A.T. 3.0 0,63 1,8 2,2 1.4 2.2 5¢3  —e—e
Ave. 1.{0.. 0072 23. ' 3.6 2.1 407 130 109
Engebit NeTe 17000, === c«we ——a - — — —-——
choa GePe 10. Qe 53 4-3 1.6 1.0 370 6.6 Ool&B
Te 28, 0.73 11. 2. 5.4 150. 140, 1.3
Ave, 190 0063 706 2-5 3.2 94. 73. 0-86
Aaraanbiru Vi.T. 14, 2.0 6.6 8.5 28. 96, 220, —
A,ara:’lnbir'u FoTo 1.6 0e/+4 0081 0064 lc2 108 602 ———
NoTe 0.59 0.28 0.90 0092 0.58 1.2 391 ——iem
204
Ave. lol Oe30 0086 0@78 0089 105 3.9 e——
Ru-nit N OTO 0022 0.45 0.72 0.83 0076 23- 4.8 ——
N.T. 044 1.0 0,78 2.2 led 6.2 3.9 —
CoT. 106 0017 0.71 0022 Oe’}lb 607 2'4 m——
Aveo 01’75 095 007"-‘0 1003 0083 lO. 307 ———
Japtan F.T. 0,22 Ce22 0,40 0,11 Oels 0.15 0l ==
FoTs 0.51 0.24 0,37 0.14 0.14 0,16 0,07 ===
NeTe 0e54 0,20 0,33 0.17 0.16 0.26 0.10 e
N.T. 0.20 0.23 0,29 0,029 0,12 0.22 040 —=
Ave. 0.37 Qe 0,37 0,13 0Val4 Ge20 0,18 w—e
Eniwetok SeTe 0.85 0,16 0,55 0.12 0.40 0.21 0,12 =~
(0axhill
anchorarce)
#Bird had been killed by blast.
Loyt
%3 N
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Appendix Table 5

- POST SHOT SURVEY METER READINGS

PDilstance

Type of Radlation*

to mr /hr
Island Date ground and , goft Remarks
1952 in inches hard and hard
Riglll Nov.5 12 8 9 11 Lagoon side 10' out into the water
2 120 370 700 Inshore 15 yards at edge of vegetation
36 80 120 140 Inshore 15 yards
Runit Nov.6 24 11 -- -- Water washed rocks
2 -- 25 28 on lagoon beach
36 16 -- - Sandy beach 10 yards
2 16 16 16 inshore from water's edge
36 55 -- -- Sandy beach inshore
2 75 75 75 30 yards from water's edge
36 60 - -- North end
2 90 380 1,200 of 1sland
Rojoa Nov.7 36 500 - - On beach at edge
. 2 750 1,250 2,250 of water and on shore
Aaraanbiru Nov.7 36 Yoo -- -- On beach at edge of
2 620 1,050 2,050 water end on shore
Engebi Nov.8 36 2,500 -- -- On beach above water line
2 3,000 6,000 11,000 end on shore

*Read ings taken with & Juno ionizatlon rate meter enclosed 1n a 4,25 mg/cm2 polyethylene bag.



Procedures for Precipitation of Fission Products and
" Calcium-Strontium

(1) The sea water was acidified and stirred to remove
bicarbonates.

(2) Perric chloride was added and precipitated by addition
of ammonium hydroxide. The precipitate was allowed to
coagulate.

(3). Saturated ammonium oxalate solution was added to the
solution to precipitate oxalates and the solution
allowed to stand severael hours.

(4) The combined precipitates were filtered and the filter
paper with precipltate returned to the laboratory.

Processing in the laboratory was as follows:

(5) The filter paper and precipiltate was ashed at 600°C
to destroy the paper and convert oxalates to oxides.

(6) The ash was dissolved in dilute hydrochloric acid.
Solution was complete.

(7) The iron which had previously been added was repreci-
pltated by addition of emmonium hydroxide. This pre-
cipitate,vhich is believed to contaln most of the
fission products of the sample,was plated and counted.

(8) The alkaline filtrate was diluted to 100 mls and dup-
licate 20-ml alliquots taken.

(9) The aliquots were diluted to 100 mls and celcium and
strontium reprecipltated by addition of saturated

ammonium oxalete solution. The precipitate was plated
and counted.

The half-liter post shot samples were brought to the Lab-
oratory for all the processing. The method was slightly differ-
ent from that used in the field and was as follows:

(1) The sample was acidified and stirred to remove bi-
carbonates.

(2) PFerric chloride was added and reprecipitated as fer-
ric hydroxide by addition of ammonium hydroxide. The
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(3)

precipitate was flltered out, dissolved and washed
through the filter paper with dilute acid, reprecipi-
tated from a smaller volume, centrifuged, plated and

counted.

Calcium and strontium were precipitated from the
alkaline flltrate by eddition of saturated ammonium
oxalate solution to the "hot" solution. The preci-
pitate was filtered out, dissolved and washed through
the paper with acid, reprecipitated from a smaller
volume, centrifuged, pleted, and counted.
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