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Section 1

ABSTRACT

Speci.uens of fish, marine invertebrates, algae, plankton, land

plants, land vertebrates, and water samples were collected for radio assay

and identification from Bikini, Eniwetok, and the control area of Likiep.

Areas adjacent to collection stations were monitored. Some of the proce-

dures differed from those of earlier years in that frozen samples were

processed in the Applied Fisheries Laboratory, ashing and plating methods

were slightly changed and more carefully regulated, and samples were

counted in an internal gas-flow chamber. The unit of measurement used for

reporting activity was changed to disintegrations per minute per gram of

wet tissue. Sample counts were corrected for geometry and backscatter,

but not for self-absorption, which was kept to a minimum by preparing thin

plates, The net count of a sample was calculated by deducting the backg round

count plus three standard deviations from the gross count. Chemical sepa-

ration of radioactive isotopes was not done but decay and absorption curves
144 and pyl44

indicate the presence of Ce

Samples of 369 fish were analyzed for radioactivity relative to area

collected, species, tissues, and feeding habits. The greatest amount of

activity in d/m/g was noted in fish found in areas close to shot centers such

as the deep water of the Target Area at Bikini (345) and in the shallow waters

around the islands “f Aomon (703), Runit (144), and Engebi (125) at Eniwetok,

The greatest concentrations of radioactivity were found in the viscera (1364)

and liver (437) with less in bone (180), skin (10), and muscie (8) of most fish.

The herbivorous species, such as parrot fish (572), contained much more

radioactivity per gram than carnivorous feeders including plankton-feeders,

The former averaged 382 in target areas while the two latter groups averaged

32. Small amounts of naturally-occurring radioactive isotopes were noted

in fish from Likiep and other control areas, the d/m/g ranging from 0 to 7. 5.

Radioactivity of invertebrates averaged from practically zero to as

high as 1,100 at Bikini Target Area and 1,500 near Aomon-Biijiri. The most

radioactive species included asteroid starfish, 5,100; hydroids, 2, 100;

oysters, 820; and sponges, 580. Soft parts of shellfish were usually, but
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not always, more radioactive than hurd parts, F:ankton-feeders were on the

average significantly more radioactive than non-plankto:-feeders with the

notable exception of corals which were low.

From the thirty-five species of algae that were identified and their

habitats noted, 129 samples were ashed and counted. Average d/m/g ranged

irom as low as 3 at control areas through 64, for Bikini Target Area, and

up to 1700 from near the Shct Islands of Eriwetck. Succulent forms tended

to be more radioactive than calcareous forms. Values for 1949 were approxi-

mately one-half as great as they had been in 1948 at the same localities,

Activity of plankton samples from areas other than tre Bikini Target

Azea and the Eniwetok Shot Islands averaged no greater than the average of

the Likiep plankton samples which was about 50 d/m/g. Since the Likiep

samples were collected after those from Bikini and Eniwetok, speck con-

tamination in nets or pump might possibly account for the relatively high

count of the Likiep samples. Compared to Likiep, the radioactivity of plank-

ton samples from the Bikini Target Area was three times greater and from the

Eniwetok Shot Islands, eight times greater, Samples of highest activity were

from catches in fine-meshed nets. From comparable active areas, the 1949

counts were about one-half those of 1948.

Alpha activity of three-liter water samples was not significantiy

greater than Santa Monica Bay water and was less than laboratory tap water.

Areas adjacent to collecting stations were monitored with beta -gamma

survey instruments. At Likiep counts of sand averaged 21 per minute and of

vegetation 27 per minute. At Bikini the values were one to three times those

at Likiep with the exception of drift items from the target fleet that counted

up to 100,000 c/m. On the Eniwetok Shot Islands, activity was greater than

100,000 c/m in limited areas. Peaks of activity were found at the bombsite

and in the three-hundred-yard area, and from there on decreased rapidly.

Seven specimensof birds including three species of terns were dis-

sected and the organs and tissues ashed. The d/m/g of bird tissue, in

most cases, was zero, with only one gut sample giving a count as high as

5.1.



AECD-3146 -10-

STITVUSTT TISYA JO CAIN

Saou ALISUaAN
|

_

; Tissues of four specimens of

R
a
t
t
u
sexulans collectedat Biijiri and

Engebi Islands exhibited wide variation in activity in different tissues and

in different specimens. The highest count was found in bone (1780) and was

directly correlated with the background count of the habitat. The total body

activity of the four specimens varied from 1 to 120,

The amount of radioactive fission products absorbed by the roots,

translocated through the plant and deposited internally within the tissues of

the coconut palms at Bikini and Eniwetok was not greater than twice that of

control plants. High counting "fallout" material persisted externally on the °

dead leaf bases of coconuts, cat8 created by neutron bombardment of A

ca*4 in the coral sands of Runit Island was a component of the tutal calcium of

of the plants on that Island and resumably of the plants on Engebi and Aomon, Tt

Calcium deficiency in Portulaca oleracea observed at 30 yards from the ha

bomb site on Runit was consideredto be sufficient to have caused tissue

disintegration and death. The tumorous growths observed on Ipomces*™ of ]

Tuba on Engebi resembled those produced by an excess of indcle-3-acetic Fis

acid on a geranium plant. The activity of the tumors was very low. of ti

About one-third of the total number of plant species reported to be at B

on the Eniwetok Shot Islands in 1944 or 1946 are not extinct. In 1949, 20 an a

species were found on Engebi, 12 on Aomon and 19 on Runit. Of these, Sum:

about one-fourth -- a total of 9 species -- were mutants. The first plants to ports

reappear in the area where it is certain that the bomb destroyed all grow-

ing plants, i.e., out to 300 yards from the bombsite, were Portulaca oleracea exten.

and Chloris inflata. wetok

_ tions :

August

*This r
with the
Navy.
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PROGRAM OF OPERATIONS *
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Lauren R. Donaldson
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ly HISTORICAL

With the initiation of the atomic energy program on the Columbia

River in the State of Washington in 1943, it became evident that problerns

Poof radiological contamination might arise. In an effort to provide a fund of

; L information on the effects of radiation upon aquatic organisms, the University

_ of Washington was asked to establish a research area to work on the problems.

ad A contract between the Office of Research and Development and the University

of Washington resulted in the formation of the Applied Fisheries Laboratory.

™ _ The basic research upon radiation continued under the direction of the Man-

on. Fo hattan Engineering District and since 1946, under the Atomic Energy Commission.

The testing program of atomic weapons at Bikini Atoll in the summer

of 1946 initiated another study area, with membersof the staff of the Applied

Fisheries Laboratory in attendance at the tests as the Radiation Biology Unit

of the Radiological Safety Section of Operations Crossroads. Studies started

; at Bikini during the testing program have been continued since that time with

| an annual field trip each year to the area to gather additional material and data.

u Summaries of the data collected on the field trips have been presented in re-

to | ports forwarded to the Atomic Energy Commission.

y- Following the Eniwetok tests in 1948, the work of the Laboratory was

sacea . extended to include a radio-biological survey of that area. The first Eni-

welok collections were made the day following the Runit Island shot. Collec-

| tions and observational data were augmentedby the fieldexpedition during

August, 1948,
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During the summerof 1949 an expedition was again in the field and

like the 1948 expedition included a study of the Eniwetok area in addition

to a re-check of Bikini Atoli.

The emphasis of the studies has changed from year to year as various

problemsandpoints of interest developed, but the major effort has been di-

rected toward gathering additional information on the following basic prob-

lems;

1, The measurement of the presence or absence of radiation in the

area studied,

2. The determination of the presence or absence of radiation in the

various native faunal and floral systems.

3. The selection by the various organisms of radioactive materials.

4, Tissue selection of radioactive materials.

5. The effect upon biotic forms from exposure to or absorption of

radioactive materials.

6. The role of the native fauna and flora in the translocation and

concentration of radioactive materials,

Additional objectives of the study that possibly are less specific but

are important in the over-all contribution are the development of techniques

and procedures for evaluating radiation contamination of biotic systems and

the training of specialists to carry on such investigations,

ORGANIZATION

The radiobiological resurvey of Bikini-Eniwetok Atoll during the

sun.imer °f 1949 again demonstrated the advantages of cooperative research

effort. The Atomic Energy Commission, the United States Navy, the Uni-

versity of Washington, the State College of Washington, and the University

of Hawaii contributed personnel, equipment, and facilities to make the study

possible,

The continued support of the Atomic Energy Commission in providing

funds and administrative direction to the research has made it possible to

continue. The Washington Office of the Commission, especially the Division

of Biology and Medicine, under the direction of Dr, Shields Warren,
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“. James <i. Jensen, and Dr. Paul B. Pearson of the Biology Evanch, has

been very helpful in planning and expediting the research. Dr. Warren's

Suggestion to include Likiep Atoll in the study for "control" material and

native food habits proved to be a very useful addition. The Hanford Opera-

tions Office through the efforts of Mr. W. K. Crane provided local support

ina very efficient and understanding manner.

The United States Navy arrangements were handled by George B.

Greer, Lt. Commander, United States Navy. Commander Gree> made the

arrangements for transportation of men and equipment, supervis.d the

equipping and outfitting of the laboratory vessel, arranged for supplies and

numerous other iteras of naval support. Commander Greer's intimate know-

ledge of the problems of operation in the Pacific Area coupled with his fine

spirit of service made him a valuable addition to the research team.

TECHNICAL PERSONNEL

The 1949 field trip followed the pattern of the previous one in the en-

listment of technical personnel. The nucleus of the field party personnel

was drawn from the staff of the Applied Fisheries Laboratory, University

of Washington, to provide trained personnel and to carry out the continuity

sc essential in this type of research. Specialists were "borrowed" from

other departments and universities to round out the field party.

It is to be regretted that the expansion of the work program from its

initial, major, aquatic phase to a program of study on both the land mass

and adjacent water areas was not accompanied by a proportionate increase

in the number of scientific personnel. In previvus years, a training program

with the assignment of a junior scientist to work with each senior member

had been productive in providing experience and training for potential worke:s

in the field of radiation biology. With the field party limited to twelve men,

it was impossible to maintain the training program because the variety of

problems undertaken required experienced personnel.

w ~~, *« ,
y+ .
. x

ye
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MEMBERS OF THE BIKINI-ENIWETOK RADIOBIOLOGICAL RESURVEY

Name

Donaldson,Lauren R.

Seymour, Allyn H.

Welander, Arthur D.

Bonham, Kelshaw

Lowman, Frank G,

Palumbo, Ralph F.,

Hines, Neal O.

Biddulph, Orlin

*St. John, Harold
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1949

Assignment

group leader and
biologist

general planning _
and plankton work

radiobiologist and
ichthyologist

marine inverte-
brates

genetics, land
vertebrates

marine algae

report writing

plant physiology

plant morphology

 

Tinker, Spencer W.

Kellogg, Paul

re. a

marine inverte-
brates

radiation moni-
toring

Permanent Address

And Occupation

Prof, of Fisheries and
Director,
Applied Fisheries Laboratory,
University of Washington,
Seattle 5, Washington

Assistant Director,
Applied Fisheries Laboratory,
University of Washington

Asst. Prof, of Fisheries
and Research Associate,
Applied Fisheries Laboratory,
University of Washington

Research Associate
Applied Fisheries Laboratory,
University of Washington

Research Associate,
Applied Fisheries Laboratory,
University of Washington

Dept. of Botany,-
University of Washington

Publications Advisor,
Office of Public Information,
University of Washington

Prof. of Botany,
State College of Washington,
Pullman, Washington

Prof, of Botany,
University of Hawaii,
“Honolulu, Hawaii —

Director,
Waikiki Aquarium,
University of Hawaii,
Honolulu, Hawaii

Student,
Mass. Inst. of Technology,
Boston, Massachusetts

 

*Dr. St. John joined the field party after the collections at Bikini had been
completed, His observations cover only Eniwetok and Likiep.
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‘George B naval liaison Lt. Commander, U.S.N,
Bee Pearl Harbor,

Territory of Hawaii

"LSIL 1091' was assigned to the expedition for a floating laboratory

ing facilities. This vessel, under the command of Lt. (j.g.)

i Wilroy, proved to be a very fine work vessel. The equipment and
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Section LIT

GENERAL PROCEDURES
 

by e

A. H. Seymour and L. R. Donaldson a:

AREAS SAMPLED 3 pe

As in 1948, collections were made at both Bikini and Eniwetok Atolls a

but in addition control material was also collected at Likiep Atoll, also in

the Marshall Islands group, and,about 300 miles east of Bikini. The col-

lection of control material from an environment similar to Bikini and

Eniwetok but somewhat removed from those two bomb experiment areas

provides data by which a threshold can be established for determining

the uptake of radioactive isotopes by biological systems in the bomb areas,

The areas sampled were as close as possible to those sampled in

1948 which included six major stations at both Bikini and Eniwetok Atolls

and several minor stations. Ata major station fish, invertebrates, and :

algae were collected from the lagoon reef, terrestrial plants were collected ee

from the island, and a land survey for radioactivity of the adjacent area was

made, Ata minor station, activities were not as complete and included

either dredging, fishing with hook and line, fishing with traps, fishing with wo

a dip net by light, collecting plankton, collecting samples off buoys or a gee

combination of more than one of these activities.

 

At Bikini the six major stations were distributed geographically

about the atoll as shown in Figure | and were located at Boro, Namu, Amen,

Bikini, Enyu, and Erik Islands, Plankton and water samples were col-

lected while the LSIL 1091 was at anchor off Bikini island and in-the Target

Area; dredging, which provided both invertebrate and algae samples, was

carried on off the Bikini-Amenreef and in the Target Area; algae and
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 invertebrate samples were also collected from the buoys in the Target ef

Area; fish traps were set off the Bikini-Amen reef, in the Target Area 4

and off Bokon Island; and fish were caught by hook and line at anchorage ;

off Bikini Island and in Ruji Pass. Bikini samples were collected between ene

July 25 and August 4, 1949. .

Of the six major stations at Eniwetok, three - Engebi, Eberiru, - 1

- ‘

eRsti ga or
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and Runit - were along the northeastern portion of the atoll near th# three

test sites of Engebi, Aomon-Biijiri, and Runit. The other three - Japtan,

 

Igurin, and Rigili - were seven to fourteen miles from the test s3t©&- Plank-

ton and water samples were collected while at anchorage off Eniw#tok, a

Engebi, Aomon-Biijiri, and Runit Islands, Additional algae and inverte- eo

brate samples were collected by dredging off Eberiru Island. Fish traps

were set off Aomon-Biijiri Island. (For Eniwetok collecting stations see

Figure 2), Eniwetok collections were made between August 8 and 15, 1949.

At Likiep Atoll major collections were made both on Lado Island

and on the western end of Likiep Island, Plankton and water samples were

taken at anchorage off Likiep Island. The Likiep collections were made

during the period of August 19 to 22, 1949,

PRESERVATION OF SPECIMENS

A change in procedure introduced in 1949 was the ashing of all

samples at the University of Washington Applied Fisheries Laboratory

rather than at a temporary laboratory established aboard ship. The rea~ cE

sons for the change were for the purpose of increasing the accuracy of e wt

weighing samples and of controlling the ashing procedures, In order that : . - &§

the samples be as similar as possible to the fresh samples of former years,

specimensfor radio assay were frozen. From experimental work per~

formed in 1948, it was known that samples prepared from frozen specimens ie :

were comparable to samples prepared from freshly killed tissue (see

UWFL 19, pp. 10-12), Therefore, in 1949, specimens of fish, algae, in- 3

vertebrates, and vertebrates that were to be ashed for counting were cooled oa

withice while still in the field, then were moved to a deep-freoze box

aboard the LSIL1001 for storage. During the air flight from Kwajeleinton. §.
Seattle the specimens to be used for ashing were stored with dry ice in an °

insulated container, The specimens arrived at the University of Washing-

ton laboratory in a frozen condition and were immediately stored in a deep~

freeze unit where they remained until time for dissection and ashing. An "

effort was made to freeze the specimens on the spot at the time of collection, v

i
using a fire extinguisher containing four pounds of carbon dioxide, but this
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proved unsuccessful as it was not possible to confine the gas enoughfor it

to becomeeffective.

Terrestrial plants for assay were either ashed aboard ship or

brought back entire without freezing or preservation except for the coconuts

which were lightly treated with formalin. Terrestrial plants and some algae

were pressed as herbarium specimens. All plankton samples as well as

those fish and algae specimens that were used for identification were pre-

served in formalin.

ASHING

The ashing procedure used in 1949 was similar to the 1948 procedure

except that acid was not used, weighing of samples and of ash was more

accurate, and temperatures were controlled more carefully,

At the Applied Fisheries Laboratory, specimens were identified fur-

ther before they were ashed preparatory to counting. Large fish, large

invertebrates, birds, and rats were dissected as to tissue, and portions were

ashed in pieces, usually of from oneto five grams weight. Algae and plank-

ton were ashed whole as were some small fish andinvertebrates. Terrestrial

plants were processedat the State College of Washington, Pullman, Washington,

and duplicate samples (coconuts) were sent to the Applied Fisheries Labora-

tory, University of Washington, for ashing and counting, Water samples

were sent to the University of California at Los Angeles for analysis.

Data concerning ashing and counting were recorded on form sheets.

The samples of wet tissue were ashed on procelain dishes or stainless steel

dishes orStaifiess steel plates. About the first-one hundred sampleswere __

ashed in porcelain dishes. However, ashing in porcelain was discontinued

when it was found that the dishes alone gave a count of about 15 per minute

in the proportional range of the Nucleometer. It was believed that it might

be possible to contaminate the sample if the porcelain should flake off dur-

ing the heating process and for that reason the use of porcelain dishes was

discontinued.

Mean net weight and standard error of wet samples were 3.8 + 0.4

grams, The tissues were dried on a hot plate under heat lamps for 2-5 hours  cery \GO vil

UNIVERSTE . 4 ith
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amperature of 100° - 300°C, caution being exercised to avoid bubbling and

g The plates of dried tissue were then transferred to muffle furnaces

‘her ashing at carefully controlled temperatures of 500 - 550 (rarely 600)

to, a white ash which required from 2 to 5 hours. No acid was used in

ess. Mean net weights and standard errors of ashed tissues were

fast tube ‘and then mixed by vigorous shaking. Using a pipette, from 2 to 5 cc. of

themixture were transferred to a counting plate that had been previously flamed

“sabiwetched. Flaming of the plate toaa cherry red color over a gas burnerre-

 

- Yinches.”

 

: The plate with the mixture was placed under an infrared heat lamp,

: tetmixture was allowed to evaporate to dryness, and the plate was removed be-

eoa.sakBary sample began to crack from over-heating. After the plate had

c.,‘the plate and sample were weighed and the original plate weight sub-

ito determine weight of ash on plate. The mean weight and standard

the ash on the 2-inch counting plates were 0.08 + 0.01 grams which is -

  

   

    

= pe

enng of samples were written on the sides of the porcelain dishes and

ied On the bottom of the stainless steel plates. Occasional samples,

ablyae than one-half of one percent, cracked or crumbledandfailed to2 _
bealliage
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COUNTING

A, Equipment and Operation.

A major change from previous years in counting arrangement was made

for the 1949 samples, Whereas in earlier years samples had been counted with

an end window GM counter, all samples in 1949 were counted in an internal

counting chamber continuously flushed with methane. The differences are that

in the new arrangement, (1) the counter is more sensitive and hence alpha as

well as weak beta can be counted; (2) the geometry is greater, 50 percent as

compared to 18 percent; and (3) the chamber can hold a larger plate, up to

2 inches as comparedto 1-1/2 inches, and thereby accommodates an 80 percent

larger sample without increasing sample thickness. Stainless steel plates 2

were two of Radiation Counter Laboratory's Nucleometers - Mark 9, Model 3 -

with a continuous-flow internal counting chamber - Mark 12, Model 1,

Operating at a voltage of 4500 volts for one counter and 4700 volts for

the other, alpha, beta, and gamma were counted in 1949 whereas in previous

years alpha and some soft beta were not counted due to absorption by air and

window. Although some alpha counts of the samples were made in the propor-

tional range of the counter (3100 volts) and in some instances significant alpha

counts were found, the results were not recorded because the ash thickness

(4+ 0.7 mg/cm?) was too great for complete alpha counting, It is intended

that a separation of the ash on the plates will be run and then a record of the alpha

activity reported later as an appendix to this report.  _ Ashing of samples commencedat the Applied Fisheries Laboratory in mid-

September, 1949, and continued off and on until the end of the counting period. ini -

Difficulty in obtaining 2-inch stainless steel plates of ,005-inch thickness slowed az

down the ashing process and necessitated extra handling and storage of the ash. f

Counting of samples was delayed until arrival and testing of the Nucleometers had

been completed. Practically all of the samples were counted between December,

1949, and March, 1950. A shorter counting period would have been more desirable

in that decay between time of making the first and last count does not make the

samples exactly comparable. However, since the time elapsed from the Bikini
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Bsczerome for the counting period was increased by 6 c/m for a 20-

sample count and by 5 c/m for a 30-minute sample count. Because the

ind varied considerably even during periods when the counter was constantly
--

ound values were calculated only to the nearest whole count per

Peekground, Activity of less than 5 m pc/kg was not considered significantly

Lib ede
|

ONLY. Or Wyake
bet?
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standard deviations to background plus three standard deviations. The result

of these changes is that fewer samples of marginal significance are reported in

1949,

Geometry, when defined as "the fraction subtended by the detector of the

total solid angle as seen by the radioactive source", is about 50 per’ cent for the

internal counting chamber. Therefore, the factor for correcting a sample count

for geometry is 2.0.

Backscatter was determined by adapting the counter so that a sample

placed on a very thin film could be counted without backing other than the film

and air, To make this determination a hole was drilled through the bottom of one |

was backed only by air, the chamber was sealed to prevent gas leaks, and the

film was coated with aquadag to insure electrical conductance. Using a dried crop

of pe? a pure beta emitter of 1.7 Mev, on a Formvarfilm that weighed

 
plate holder, the counter was supported so that the bottom of the counting chamber :os“he

gg?
Weg?

  

.07 mg/em’, acount was made. Immediately following, part of the film includ- 6

ing all of the p22 was transferred to a regular 2-inch counting plate and counted in . .

the conventional manner. The difference between the count made on the stainless on

steel plate and on the thin film divided by the count on the film was the per cent

backscatter, assuming there is no backscatter from the film. The backscatter

of p*? from a .005-inch stainless steel plate was determined by this method as ~~

being 30 per cent, Therefore the factor for correcting a sample count for back- ~

scatter is about 0.77 and for geometry and backscatter combined, 1.54. The ,

value used was 1.5. Be

No correction was made for self absorption but an effort was made to keep Ee

the ash on the plate relatively thin and as stated above, theaverage thickness 7 &

was 4+0.7 mg/cm” - too thick for complete alpha counting but thin enough so ,

that beta of approximately 0.05 Mev or greater should be counted. If a single Z.

known isotope were being counted a suitable correction could be madefor self *

absorption but since a mixture of unknown isotopesof low activity was probably te

being counted, the best solution seemed to be to prepare a relatively thin sample a

and to neglect making a mathematical correction. Weight of ash on the counting 2

plates was not determined in 1948 but from inspection, the 1949 plates appear to a

be considerably thinner, a guess being that they are about one-half as thick on an =

average, ;
#
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FUnits of Measurement,

=“ of wet tissue, the unit of measurement used in 1949 was disinte-

pnns|oisper minute pergram of wet tissue, hereafter referred to asdm/8. The

coaeslivitig organism... Naturally the activity per unit of wet weight is much lower

i tunounof dry weight.
 

ee. teedreting m pic/kg to d/m/g was determined from the relationshipthat one

* - arte‘equals 3.7 x 10° disintegrations per second, This factor was 2.2 and has

beenused in the following sections to convert the 1948 values tod/m/g. To

_fantectthe 1948 values for decay, which was not done in the following sections,

e xte factor is estimated to be about 1 /3, assumingthe activity is from 280-day

talfstiteCe144 and its 18-minute half-life daughter pri44 which are in equilibrium.

etcombined correction factor, for units of measurement and decay, would be

F786Or, 0.7. For example, if a sample were counted in September, 1948, and

teedtobe 100 m pic /kg, then the count of the same sample in January, 1950, would
bethout10Dd/m/g.

Br ee ee: ~ aoe

ae Tt is to be remembered in making a direct comparison between 1948 and

tHthatthe two years include unavoidable differences in localities, in ashing

“srsaatng2methods, and in some instances in species sampled.
we ee

 

   

 

= “me #0topes has not been done except for the work on cat® (see section on land

iMiataby 2Dr, Orlin. Biddulph ). However, decay curves and absorption curves   
« UNIEDMET NOns
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The samples used for plotting the decay curves were counted with the

same Victoreen GM and window tube and Victoreen scaling circuit for all counts,

From samples collected near Runit Island in May, 1948, counts have been made

intermittently since that time up to the present, June, 1950. In Figure 3 the

counts of the most highly active samples are shown plus the count of a coral sang

sample collected in August, 1948, 250 yards from the crater on Engebi Island,

By visual inspection, the curves appear similar when comparedsection by sec-

tion regardless of species or tissue. The general pattern is that of a high slope

of the curves during the first few months, then a break from late 1948 to early

1949, followed by a more gradual but regular slope from early 1949 to the present,

Fitting a straight line by inspection to the curves prior to the break, the slope

is such that the c/m decrease by onehalf in approximately 15 days. Using sample

XE-38 as a typical sample, a straight dotted line is fitted by inspection to that

part of the curve to the right of the break (see Figure 3). The slope of this line

is such that the c/m decrease by one-half in approximately 275 days, the half-

life of cel#4 a fission product that would be expected to be present.
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For the absorption curves, the samples were placed on the first shelf of

a sample holder mounted in a lead shield and were counted with a 1.7 mg/cm? RCL

end window GM tube and Victoreen scaling circuit. It was necessary to place i.

the sample on the first shelf rather than the second or lower shelves because of

the low activities of the samples, The aluminum absorbers wereplaced directly

on top of the plate, i.e., about 0.2 cm. from the sample and less than 1 cm. from

a
y

:
“
o
e

‘i
e

the counter,

“
w
e

n
e

a
s
a
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Absorption curves add further evidence that the energy of one of the iso-

topes present is approximately that of Pr'#4the daughter of cel44, In Figure 4

absorption curves are plotted for a Bikini bottom sample from the Target Area, = :

for a sample of Eniwetok coral sand, and for the most active sample used for r

the decay curves - XE 51, a gut sample from a parrotfish collected at Eniwetok :

in May, 1948. The general pattern of the three curves is similar. To the left -

the steep slope at the very beginning of the curve suggests a weak energy isotope

but there are too few points to accurately define its projection upon the abscissa. é

Since it is possible that some gammais present, the range of the beta particles ¥

was determined by a Feather analysis using pe? a pure beta emitter, as a stand- *

-
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‘Decoy curves , May 1948 to June 1950, of coral sand trom Engebialond ond of oyster and fish tissues from Runit Islond.   
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Figure 4. Absorption curves of a bottom sample dredged from Bikini Target Area ond of a corg|

sond end a fish semple from Eniwetok Shet isionds.

o-—--- BIKE GOTTOM SAMPLE , COUNTED OCTOBER

o——— EMWETOK CORAL SAND SAMPLE, COUNTED JUNE 30,1950

Or--- EMWETOK FISH SAMPLE,XE-5!,COUNTED JUNE
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sich gave a curve similar in shape to that of the samples. The range in

aofaluminum by Feather's analysis is approximately 1500 whichis equi-

ian energy of 3 Mev. For pri44 the range of energy of the beta particle

Srrom the data presented in the decay curves and the absorption curves,

fag likely that cel44 and its short-lived daughter pri44 are present. Other
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Section Iv

LAND SURVEY

by

A. H. Seymour and P. J. Kellogg

Land surveys were made near the collecting stations and the ext ent of the

survey was determined by the amount of radiation detected, The general plan wag

to monitor the beach sand, drift items, the land, and vegetation in the same general BE

area that specimens were being collected, When the counts were about 60 per :

minute or less the actual values were determined by counting for one minute with

    

a stop watch.

Instruments used included two makes of GM counters - a Victoreen Model

263 A and a Beckman Model MX-5, and an ionization-type counting chamber, - a

Victoreen-made Juno. Readings were made both with and without shields but unless .

indicated the values reported are those of the GM counters without the shield. i.e,

beta and gamma. The instruments were calibrated at Hanford (June 22, 1949)

before being taken to the Pacific Area and again (September 19, 1949) shortly

after they were returned to Seattle. Corrections were slight.

LIKIEP

Likiep was monitored for the purpose of determining the approximate

background count of an uncontaminated area of a similar environment to Bikini

and Eniwetok, At Lado Islandon August 20 the average of 7 readings on the beach

sand near the water line was 20.7 c/m; on the beach sand near the vegetation line,

the average of 10 readings was 21.1 c/m; and over dead vegetation, including

pandanus, coconut and shrubs, the average of 10readingswas 26.6cc/m. _

  

BIKINI
 

The activity of the atoll as a whole, as determined by monitoring, was low °

except for isolated spots of oil scum or wreckage from the target fleet that had ;

drifted ashore. The count of living vegetation was about twice as great, and of

dead vegetation, about three times as great as counts for beach sand. At Bikini

counts over beach sand averaged about 30 per minute as compared to 2] per mainuté

for Likiep. However, readings from patches of oil scum and of target drift items
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wing list, the readings, translated to c/m, made with a Victoreen

ig$.A survey Meter are tabulated:

c/m with
shield
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WA4B
AEC

pan the pontoan dock at the southeast end of the island the reading

19 t- ole au the deck rust and 140 c/m on

a

piece of canvas.

war : ee’? jeland war surveyed on both the lagoon and ocean sides of the eastern a io

Awl$1 with special attention to monitoring the activity of the vegetation,

hale yor activity was found over dead vegetation, but not any greater than

Sligt 7 paocved previously at Bikini and Enyu. Typical c/m were 29 for dirt,

44 for dead leaves and up to 50 for debris on the northeast beach

 

had ake

27 t- sn the following day, August 2, Boro Island was monitored. Boro Island

ow jownwind end of the atoll has a great collection of drift items such

bein: “ ne life rafts, floats, logs, etc. Some of these items gave only

as ‘tb~comet points while others, especially rope, were as high as 10,000 c/m,

back , paslings of activity of vegetation and of the beach were similar to

The ro sy the other islands.

thos: yntire shore line of Namu Island as well as the island itself was

rec M4 August 3. The highest counts of drift items and sand were found SS

mor” apiorn shore with values as high as 44,000 c/m for drift items. Values #-

alon jens found on the eastern shore were as follows: tar-covered wood, Yeas

ines putes prush, 600; tennis ball, 1,000; piece of cork, 44,000; oil scum, 3

70 ‘ patt Ls $00; rope. 1,100; raft, 300; wooden grill work, 5,000; box,

7 o% “ ap 48, 000; etc. Counts on the sand in this area average 5 to 10 per

1g,¢° ye Wan eimilar counts on other parts of Namu, Along the northwest

mint’ ce SANS on the #and were the usual 25 to 30 per minute and the counts

sho~ —a yere eansiderably lower than those from the eastern side of the

thern shore there were a few drift pieces of low activity and the

of ars ape aU
islan. —, ywini was background, Counts of vegetation and soil were of the same

tas
cour ~ ew similar samples for the atoll in-general, — —

¥

mage?

a splinan te the Jand surveys, the top surfaces of three anchor buoys

; area, from which biological samples were collected, were moni-
adinte?es 4y, All measurements were made with the counter parallel to

a)
tore: ' swe ances away from the surface of the buoy with a Victoreen Model

and =: y Meter, There appeared to be no significant difference in counts be-
-wewey

262 -
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debris that has drifted ashore. The most active of the drift items

sopejaswhose roots gave readings of 7,000 c/m;trunk, 2 feet above
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Figure |. Contours of the radioactivity of Engebi , Aomon, and Runit

determined by GM survey instruments .
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; Engebi Island, a shot island, was surveyed on August 13, Activity on the

and was high but changed rapidly with distance from the tower posts. At the

,ifwas even higher, being approximately 50,000 to 100,000 c/m or more, Activity

Vegetation on the

‘fatand was limited to grass and low-lying shrubs, the counts of which could not be

"distinguished from the counts of surrounding sand,
i

fF
5 4: Rujoru Island, the second island to the northwestof the shot island of

} = 5 non, a distance of one mile from the test site, was also monitored on August 13,

i . “Allareas of the island were monitored but no special pattern of activity was ob-

E “perved. For the beach, values ranged from 80 to 340 c/m and for the land, from

i “Fooo to 7,000 c/m. It was later discovered that the counter used for this survey

& was slightly light-sensitive and for that reason the values are a few counts per

‘ minute greater than the actual value for the area being monitored.
 

ate The shot island of Aomon was surveyed August 14, The pattern of distri-

bution of activity appears similar to that for Engebi, especially in regard to the

highactivity found in the area about 300 yards from the bombsite. In Figure 2

therelationship of activity to distance from the bomb site is shown for Aomon

Island, It is to be noted that the distribution is wave-like in pattern which suggests

thatcollecting stations near bomb site areas may vary considerably as to amount

of activity within short distances, Beyond the 300-yard area the counts dropped

. from 100, 000 c/m to about 1,000 c/m within the next 100 yards. Activity con-

r fears of Aomon Island are shown as a portion of Figure 1, Because of the location

etthe bombsites on Engebi and AomonIslands, practically all land surveys were

up-wind from the point of bomb detonation. However, within short distances of

—-*-—~- thebomb site, prevailing winds probably hadlittle, if any, -influence upon thedis-

;‘tribution of fission products. Aomon like the other shot islands was stripped of

vegetation other than grass and a few low bushes.
i “pete

og Biijiri Island, which is joined to Aomon by a causewayand is southeast

i _ of Aomon, was also monitored August 14, In general the average count was about

180 per minute but occasional points of higher activity were found, indicating speck

"Contamination, For sand, values ranged from 90 to 320 c/m; for grass, from 50
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Figure 2. Relationship of radioactivity to distonce from bomb site. Counts per

minute, a8 measured with a G-M survey meter, ore average values

for a given distonce irrespective of direction from: the bomb site.

 

 

 

  
 

  
+ |

/
 

 

 

           

 

400

YAROS,
a
N



 

AECD-3446 -36-

to 200 c/m. The highest count was 700 per minute upon debris in a junk area.

The shot island of Runit was monitored August 15. The bombsite on this

island was not as close to the northwest end as on the other two shot islands, and

so it was possible to monitor for about 400 yards in a northwest direction from

the point of detonation. The readings translated to c/m on the northwest side fol-

lowed by c/m on the southeast side were 74, 000 and 100, 000 at 75 yards; 40,000

and 34,000 at 150 yards; 47,000 and 34, 000 at 225 yards; 5, 300 and 40, 000 at 300

yards; and 2,100 and 64, 000 at 375 yards. On the northwest side activity dropped

off rapidly, while on the southeast side activity decreased and then increased again

to a high of 64,000 c/m at 375 yards before beginning to decrease rapidly again,

The pattern on the southeast side was similar to that found at the other shot islands,

Engebi, and Aomon. On Runit Island the activity at 700 yards and beyond was less

than 200 c/m. Activity contours of Runit Island are shown as a portion of Figure1.
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SUMMARY

Areas in the vicinity of collecting stations at Bikini, Eniwetok, and Likiep

Atolls were monitored with GM counters and ionization chambers, The values

reported are those of the GM counters without shield unless otherwise noted. In

the control area, Likiep, counts of sand averaged 21 per minute and of vegetation,

27 per minute... At Bikini Atoll, the counts of sand and of vegetation in general

were from one to three times the Likiep values except for isolated spots whereoil

scum and drift items from the target fleet counted as high as 100,000 c/m. At

Eniwetok Atoll the activity of areas 7 to 14 miles removed from the Shot Islands was

comparable to that of Likiep. For those areas near the bombsites, activity was

greater than 100, 000 c/m in limited areas. At the bomb site, activity was high

but in the three hundred-yard area the activity was equally great

or greater but with a rapid decrease from that area outward. Activity contours

are presented for the shot islands - Engebi, Aomon, and Runit.
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Section V

FLORA OF ENGEBI, AOMON-BIIJIRI, AND RUNIT ISLANDS

by
Harold St. John*

University of Hawaii

Though not a planned experiment and not under controiled conditions, each

ar)restrial plant habitats. Since Eniwetok is quite dry, and the islets are

mostly narrow, thereis little diversity of habitat, The habitats were or

ral depressions with richer soil and fresh wells were seen; so it ap-

have been covered by the bombing or by regrading.
 

€report by Dr. St. John on the flora. of Eniwetok will be prepared for
se enother report, UWFL-24.
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Destruction of Plant Communities,

The plant communities of the drier, more open sites have suffered from the

bombing, but they are of a pioneer nature and their sites remain. The plants or

some of the plants of these dry sand flats or gravel flats are capable of reclaiming

the samesites.

Forests suffered destruction. If near to the bomb site it was complete de-

struction, if more remote, it was partial destruction. On Engebi no standing tree

survived on the flats over the total distance of one mile. On the inner beach, slight-

ly protected by the beach crest, 700 yards from the crater, there is a scrub of

Messerschmidia argentea 4 meters tall and Scaevola frutescens 1 meter tall, as

dominants, plus a solitary, small Guettarda speciosa which survived the pombing

  

 

     

 

On Aomonthe forest had been largely levelled by clearing and bulldozing.

No standing tree survived.

On Runit the islet had been mostly cleared by bulldozing. No trees survived

within 750 yards of the bombsite, At this distance, slightly protected by the lagoon

beach crest, were several trees of Messerschmidia argentea 3 meters tall, some

Scaevola frutescens, and a Guettarda speciosa stump with sprouts 1 metertall, meng

doing poorly. At 1,200 yards there were several Coconucifera trunks standing but o 4

4

s

 

decapitated and one healthy, standing tree 9 meters tall. At 1,250 yards was a thicket

of Scaevola frutescens5 meterstall that survived the blast and looked healthy. The x

trees mentioned and others which made up the forests on the islands gave shade and -

4conserved moisture and humuson the forest floor which madeit a distinct habitat .

The mesophytes dependent upon this type of habitat perished with the destruction of eng

the forest. For example, Pisonia grandis, a common and vigorous tree, was elim- &e.. 2

inated with the destruction of the mesophytic forest patches. BO y

- DeStruction by Force, - tee _ . nh

From the center of the explosion came a blast or wind shock wave. For e.*

three-fourths of a mile radius all standing trees were leveiled or broken off near

the base. For a radius of one mile all or nearly all trees were uprooted or brokea

off, For the next one-fourth of a mile the few surviving trees were partly uprooted

and stood leaning away from the bomb center with most of their crown gone and only

a few brenebes oa their distant side remaining. Obviously much of this uprocting:
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- ‘iting and decapitating was done by the mechanical force of the shock wave. Thia

ae“yas enough to kill most of the trees and smaller plants, but the extreme heat and

e*padiation doubtless had their destructive effect too. The observer found no means

easseparating these different factors.

- ‘prnsstine EFFECTS

 

.. From the bombing, the soil and rocks in affected areas becameradioactive,

FeOther observers have recorded the kind and the decreasing amounts of this radia-

Haig:The bombing certainly destroyed all growing plants above ground within a

redlus of 200 or 300 yards. That it killed all seeds, sprouts, roots in the soil

._ ‘gfnearly all species is equally evident. On all three islands a circular area, cen-

tee:on the bomb tower and extending 200 yards, suffered almost complete ex-

termination of the flora. In these circles in August, 1949, there were only two

“species of living plants. On Aomon and Runit there was only one, Portulaca

_“dhéracen, On Engebi there were two, Chloris inflata and Portulaca oleracea,
hencewesQ.

“o: -Though making active growth, these two species are annuals and have cer-

7 tathly¢grown up since the bombing and not survived it on the ground surface. The

giss,‘Chlorisinflata (see Figure l)was nearestto the center on Engebi. Though

a derewere healthy, normalplants of it, there were also many abnormal plants

» oS with the stems flattened, shortened, and with a spiral torsion that made them lie

2ground like flattened spirals. These mutants were perhaps fertile. The

“pitslane, Portulaca oleracea, (see Figure 2) was present in the inner circle on

yeathe only one existing on Aomon and Runit. The plants grew throughout

Oecycle from seedlings to maturity. The seeds of the two species may have

  

 

  

  isfy theymust have survived in a spot quitenearby. The‘Portulaca ;grew intr
se Hk
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_#UNIVERSITY Figure l. Chloris inflata, found nearest to the center on Engebi.

and with a spiral torsion which caused plants to lie ont

(a)
normal plant. (b) Abnormal plant with stem flattened, shortene

he ground.
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mortulaca oleracea, present on inner circle on Engebi and only one
existingon Aomon and Runit. (a) Healthy plant from Oahu. (b) Plants

‘Owing in prostrate mats 2-8 dm. in diameter. Look healthy in earlier,
Setative stages - flowered and formed capsules and seeds. Nearly
uarger plants suffering from a destruction called "die-back"'.

mis or Lotte

; a UNTVERST . Mog rs

— * TUNITY. OF CL aE



 

' 4 t

-
4
e
e
e

}
i
f
,

  Figure 2,

 

 

  
   

 
Portulaca oleracea. Plants showing '"die-back" culminating i he
shrivelled remnants lying in and on the light, coral sand. Many of t
dead patches produced viable seed. The seedlings grew vigorously a
avparently would live through to fruition,
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duced viable seed, for masses of new young seedlings could be seen germinating
duce

pee the dead remnantsof the original patch, while the areas between the patches

“gare‘devoid of vegetation, These seedlings grew vigorously and would apparently

Bite.“through to fruition. Ne phenotypic mutants were observed on Engebi in

Se “portulaca, but there were certainly differential effects upon the plants. Some were

arly, if not wholly, sterile, producing many seeds that were shrivelled, empty,

 

—an abundant crop of apparently healthy seedlings. In the time elapsed,

‘ maoe second crop had been exposed long enough to be affected by the die-

Seé440 yards from the center. One could only wish that this pestiferous

ne‘sendbur would completely die out here and elsewhere. Unfortunately there were

__aayhealthy, fertile plants also,

tbuormalities were seen in several species. Ipomoea tuba showed

and bearing reduced, linear blades. Several like this were collected

iddulph on Runit. Another on Engebi had the blades asymmetric,



 
Figure 3. Cenchrus echinatus, found on Ey gebi at 440 yards from center. jete a

(a) Healthy plant. (b) Plant showing signs of "die-back", Comp =
sterility noted in some plants (St. John, 23, 783).

UNIVERSITY CREPs

UNTV. OF WA. st



 

  

  

    

     

   

AECD-3446

  
serene, suborbicular-deltoid. Fleurya ruderalis (see Figure 4) had been nearly

, Zquierminated, only one plant being found on Biijiri Islet (adjacent to Aomon). ‘This

,,firm and almost dry, the halves inrolled to the midrib (heteromorphy)

The plant appeared very unhealthy, and it is very doubtful

‘above.’"Morinda citrifolia rarely survived the bombing. On Engebi there were

=ioeor three small bushes, at 1,000 yards from the center, and the largest one
Lay a

osjars patch 10 meters in diameter, at the extreme southern end, one mile

‘trom the center, The plant had enlarged, fleshy stems, narrowed leaves, red

+ . petioles, and the plant was sterile (St. John 23,778). Scaevola frutescens (see

ot Figere6) on Engebi had the leaves crumpled.

  

 

Leaves and other vegetative parts showed loss of chlorophyll (albinism or

thigrosis) in Mcrinda citrifolia (see Figure 7) in a sprout 4 dm,tall on Biijiri
at; 300 yards from the Aomon center. So did the Fleurya discussed above,

: ca oleracea (St. John 23, 834) from Aomon showed pale chlorotic leaves.

aor ¥surviving plant of Ipomoea pes-capraeat 1,000 yards, formed a large

ters in diameter, but the whole plant was pale and chlorotic (St. John

   

  

   
    

much enlarged, bearing 11-53 flowers each with about 2C open at a time

me, fruits few, these seeming good (St. John 23,779), Instead of the

jet® —



 
Figure 4,
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“ONY. OF WASH. bivee

nearly exterminated - only one plant found onFleurya ruderalis,
Biijiri Islet. Bright red stems (chromatism);
size, firm and almost dry, halves inrolled to midrib (heteromorP
(St. John, 23, 817). Appeared very unhealthy.
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Figure 5.

 

 
Ipomoea pes-caprae, found one mile from center on Engebi. (a
 

vivedas single, large plant, making patch 10 meters in diameter. a : ee
larged, fleshy stems, narrowed leaves, red petioles; plant was sterile

(St. John, 23,778). (b) Plant found 1000 yards from center, formers

large patch 7 meters indiameter. Whole plant was pale and chloro .

(Bre Jonny 28,830).
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Figure 7. Morinda citrifolia, found 1300 yards from the Aomon center on

Biijiri isfet in sprout 4dm. tall. Leaves and other vegetative Ppa

showed loss of chlorophyll (albinism or chlorosis). Partial fruit

sterility with small, shrivelled fruits noted.
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‘Boerhavia diffusa var. eudiffusa, found 500 yards from center. Single,
eSrge plant, forming mat 5 meters in diameter. Stems pink, fleshier;
“leaves on lower surface, white with red veins; inflorescences much

enlarged; fruits few, seeming good (St. John, 23,779). Instead of
very inconspicuous clusters of 2-4 flowers in the normal plants, this

@@outant had the many flowers massedin bright pink balls.

rts
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Partial fruit sterility was noted in Morinda citrifolia with small, shrivelleg

fruits, as mentioned above. Complete sterility was noted in some plants of Cen-

chrus echinatus (St. John 23, 783),

FEATURES OF THE FLORA OF ENGEBI.
 

The original flora of Engebi may not now be clearly reconstructed. Long

ago, because of economic exploitation, much of the area had been cleared and

planted to coconuts, Then the Japanese military forces developed a base on the

island with roads, a railroad, barracks, warehouses, trenches, artillery positions,

pillboxes, and an airbase with airstrip running from the northwest point the full

width of the islet to the east beach. In the war, American bombing and shelling

did much destruction, Then the American military forces captured and occupied

it and redeveloped it as an airbase and, with bulldozers, nearly completed clear-

ing the area. Not until after these destructive actions was the vegetation studied

briefly by Bryan in 1944 and by Fosbergin 19468.

Omitting the cultivated garden plants, the following species observed or

collected by Bryan are now apparently extinct:

Pandanus

Cocos nucifera

Pisonia grandis

Wedelia biflora ("a yellow composite vine")

Similarly the following species collected in 1946 by Fosberg seem now to

be extinct: ‘

Eleusine indica wot

Setaria verticillata , “, ee

%
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Fleurya ruderalis Soe

Pisonia grandis wf
Portulaca samoénsis Eo &
Euphorbia Atoto ‘

Tribulus cistoides

Pluchea odorata

Vernonia cinerea

The atomic bombing broughtfurther destruction and in 1949 only twenty :

species were found on the islet. Of these, specimensof the following seven speci® "
ayes

ayy AVL: ed Ae
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  Boerhavia diffusa
é, Pisonia grandis

Plourya ruderalisruderalis (on nearby Biijiri Islet)

Portulacaoleraceoleracea
DOr—oca pes-caprae

eith r Bryan nor Fosberg visited Runit Islet. Dr. W. R. Taylor did

AteEi
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visit it in 1946, Six species that he collected have been seen, but his botanical]

section of the Crossroads Expedition Report has not been made available to the

writer. Of these six, the following one appearsto be extinct:

Eragrostis amabilis
 

In 1949 after the bombing, the writer found an existing flora of nineteen

species. Of these, three species furnished mutants, or sixteen per cenit. These

species were;

Portulaca oleracea

Ipomoea tuba

Guettarda speciosa
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Section VI

PHYSIOLOGY OF LAND PLANTS

by

Orlin Biddulph

State College of Washington

   

   

   

  
  

 

- The survey was conducted during the last week of July and the first two

‘of August 1949 and was under the supervision of Dr. L. R. Donaldson,

of the Applied Fisheries Laboratory of the University of Washington. The

time from the Bikini explosions was then 37 months from the aerial ex-

and 36 months from the under water test. The elapsed time from the

tok tests was 17 months from the Engebi test, 16 months from the Aomon

ijirt test, and 15 months from the Runit test.

; th plants. Such effects as mechanical shock, heat and direct gamma radia-

oenekwere not considered, The scattering of fission products and their consequent

; “ wetkeinto the plants constituted one major part of the investigation while the

_ teSinulation by plants of radioactive materials induced in place by the neutron

      

 
Permanence of plants. Plants must have been present before,

during, and after the explosions.

. Exposed parts. Plants must have exposed living tissues removed



 

AECD-3446 -56-

protected by external tissues of sufficient thickness and impermea-

bility to exclude the possibility of confusing externally deposited

materials from those which are deposited within the tissues as a

result of absorption and translocation by the roots.

(4) Distribution. Plants must be present on most of the islands to be

surveyed in order to give comparable results from eachsite.

(5) Economic importance. It would be preferable, for reasons of human

ecology, if the plant studied entered into the economy of the peoples

of the area.

The coconut fulfills these criteria admirably. It possesses a stem pri-

mordia surrounded by many leaf bases, a flower which is formed encased in a

heavy floral bract, fruits with parts which develop within a thick husk, and which

include a thick hard shell encasing a fatty nucellus (when dried, called copra, and

herein called "meat" )and a liquid nucellar fluid in the drinking nut stage (herein

called "milk"). The older leaf bases split apart as growth of the stem tip proceeds

and the dead fibrous vascular tissue persists, like so much burlap, until the whole

leaf, or frond, falls from the tree. (Absorption of airborn fission products could

be expected here.)

The leaves and floral parts of the coconut are born from twenty to eighty

feet above the ground, dependingon the age of the plant, reducing the possibility

of ground contamination, An apparently universally indulged-in drink is also made

by tapping the tip of the unopened inflorescence, allowing the escaping sap to drip

into a suitably supported bottle, and when properly "ripened" by naturally occurring

yeasts, consumedat leisure.

EQUIPMENT AND METHODSOFCOLLECTING SAMPLES. _

Landings were completed from the ship to the beaches or coral reefs by

means of rubber life rafts, hence the minimum of equipment was transported and

used: a machete in a wooden sheath, a collecting can (five-gallon, tin coffee can

in canvas. with carrying straps), cellophane bags, paper sacks, etc. were adequate. .

The site for collection of samples was chosen on the lagoon side of the various

islands but inward a distance of approximately twenty to fifty yards from the beach.

A healthy coconut tree was selected which bore fruits and flowers in a variety

. UNIVERSITY 22 OCTY

UNIV. OF foe
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ages of development. The tree was felled (by machete) and samples from the

 

  
  

 

    
  
  

  

  
  
  
  
  

  

Lower trunk - external and internal tissue,

Median trunk - external and internal tissue,

Primordium (heart of palm).

Green leaf base.

Dry leaf base.

Midrib of leaf.

. Leaflets, median.

. Mature nuts.

Green nuts (drinking stage).

Small nuts, I inch in diameter.

Female flowers, large, from unopened sheath.

Female flowers, small, from unopened sheath,

Male flowers, large, from unopened sheath .

: Male flowers, small, from unopened sheath.

st Male and female flowers, primordial, from unopened sheath.

ers 8 and 9 were subdivided into:

Husk 9A Husk

Meat 9B Meat

8c Milk

UENRERSITY oner
UNIV. OF Wanc
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BIKINI ISLAND

500 Boerhavia repens L.

501 Cassytha filiformis L,

502 Cordia subcordata Lam,

503 Crinum asiaticum L,

504 Guettarda speciosa L,

505 Lepturus repens R. Br.

506 Messerschmidia argentea (L.f.) 1.M. Johnston

507 Ipomoea Tuba G. Don.

508 Pandanus sp,

509 Portulaca oleracea L.

510 Scaevola frutescens (Mill.) Krause

511 Suriana maritima L.

512 Triumfetta procumbens Forst. f. Konop.

ENYU ISLAND

513 Guettarda speciosa L,

 

514 Suriana maritima L.

515 Ipomoea Tuba G, Don,

516 Cass filiformia L.

517 Pisonia grandis R. Br.

518 Pandanus sp.

519 Tacca Leontopetaloides (L.) Ktze.

520 Messerschmidia argentea (L.f.) I.M. Johnston

521 Lepturus repens R. Br.

522. _.Triumfetta procumbensForst,f.Konop._

523 Guettarda speciosa L.

524 Scaevola frutescens (Mill.) Krause

 

 

ERIK ISLAND

525 Lepturus repens R. Br.

526 Guettarda speciosa L.

527 Suriana maritima L.

528 Tacca Leontopetaloides (L.) Ktze.  
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Boerhavia repens L. (B, diffusa L.)

Pemphis acidula Forst.

Terminalia litoralis Seem.

BORO ISLAND

Suriana maritima L,

"§8: Triumfetta procumbens Forst. f. Konop.

Wk Pisonia grandis R. Br.
+. Messerschmidia argentea (L. f.) ILM. Johnston

- Cassytha filiformis L.

- Lepturus repens R. Br.

. Scaevola frutescens (Mill.) Krause

’ Guettarda speciosa L.

 

, Portulaca oleracea L. $ “RADIOACTIVITY OF BIKINI SAMPLES:

  
   
f A preliminary survey of the plant materials collected showedthe activity

| “rttebe of very low order; consequently, it was considered desirable to convert the

‘Gpression of all results to an ash basis rather than to a dry weight basis. This

“ould remove the effects of the relatively variable carbohydrate or fatty material

Pe.‘fom consideration and place comparisons on a strictly ash basis, which is the

faction in which the radioactivity resides. On this basis better comparisons with
. 2HTee

atrol material could be made.

  ® As the counting was to be done in an "internal" sample counter, «40 would

r :“fontribute to the total counts but would not, of course, have its origin in the bomb

f Material, Other radioactive materials are present in small quantity in all plants

—~-§ ~pown iin a natural environment where uranium andits-decomposition products are.

‘Phesent. In some plants grown onthe soils of the Columbia Plateau of Washington,

-ithas been found that «70 constitutes about one-half of the naturally-occurring

- eblioactivematerial in the plants. Uranium and its decomposition products make

 3
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1
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selected at the direction of the island leader, It came from an area frequenteq
constantly by the inhabitants whose habits are such as to permit relatively larger

amounts of human wastes to become available to the plants than was the case for “aeet

coconuts grown in plantations, or on islands which are not permanently inhabited, a 2

In this manner it is possible that the control material from Likiep is relatively FE

richer than the majorityof coconut samples in certain ash constituents such ag i

 

potassium and hence K

 

It was considered desirable to include some plant materials which were

gcown in soils commonly used for agricultural crops, and to be still more cautions,4 ;

to include some seeds which are known to have been confined in stoppered glass

bottles since before the beginning of the atomic age. i.e,, about 1938 at the State

College of Washington, Clover and parsley leaves and spinach and sweet clover

seeds were selected for this comparison.

  

    

The coconut tissues were selected and prepared for ashing at the State —

College of Washington and were ashed, weighed, and counted at the University { ee

of Washington (under the same counting conditions as were used for the aquatic .

forms). The procedure for preparation of coconut samples for radioactivity assay

was as follows:

(1) Dry material to constant weight at 85°C.

(2) Cool in dessicator.

(3) Weigh out a representative sample of | gm.

(4) Place in a porcelain crucible of known weight in a cold muffle.

(5) Ash to constant ash weight at 500°C to 550°C.
(6) Cool in a dessicator.

(71) Weigh to get ash weight (usually around 15 mg/gm dry matter).

(8) Transfer solid ash to a 1-1/2" stainless steel counting plate.

(8) Dissolve remaining ash in a minimum of 1:9HC1. (1 pt. conc. HC1:0

pts. H,0) transfer to the ss. plate. Evaporate the HCl, Repeat the

washing twice.

(10) Spread the ash uniformly on theplate.

(11) Dry under a heat lamp, removing all HCl.

(12) Count.

«
PASTESeres

“ TAT, Bees tak sO,
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nount of ash per plate.
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amples were treated in the same manner, except for slight varia-

In all cases, the samples counted were "thin",

tated
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TABLE I DitsthSoaae

COCONUT STUDIES-

| E€OMPARATIVE COUNTS ON SIMILAR MATERIAL

 

  
 

 

W
E

ns
m
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Stem primordia Coconut meat -

Bikini 1 27 - 38 41 4 :

Bikini 2 36 25 23 229 &
Bikini 3 34 35 46 26 =
Enyu - - 22 18 ‘a

Romuk 33 28 44 0=«C 4:

Erik 28 26 34 18 &

Namu 19 23 21 22 -

Japtan 30 31 2224 2
Igurin 25 16 30 32 ‘

Rigili 30 21 280 ol ;

Bogon 31 20 44 44 as

Aitsu 36 21 33.28 &
Likiep 32 25 27 36 Pa

1. Counts made by Orlin Biddulph December 1949, 4
ow 2, Counts made University of Washington January 4-5, 1950. 4

Not corrected for decay, geometry, self absorption, or backscatter. 4

%

wo a

TNEY. Ue ~o

i
e  
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TABLE 2,

Radioactivity of parts of coconut plants and soil
expressed as c/m/100 mg. ash. For localities
other than Likiep, values are in excess of those

for Likiep.

: Green Dry! Debris
ae : leaf leaf Coconut Pistillate inleaf

: : Primordia base base Leaflet meat flowers axils Soil

Peg 0 0 0 5 18 - -
0 0 0 #0 0 - -

10 0 0 Oo 0 0 369 -

- - - 7 0 - - O

3 6 8,100 U 0 +) - 0

0 0 o- 868 0 0 - O

0 0 0 Oo 0 0 - 0

6 0 0 «0 0 0 - 0

0 0 0 1 0 0 23,700 0

0 0 18s 3 0 0 0 0

0 0 45 0 8 22 25,400 0

0 0 530,000 644 0 Q - 846

25 30 0 8 36 24 -

 

   
$8 material, not living 2.tisaue when collected, -

counts were made of State College of Washington plants and they

» following values: parsley leaf - 16; clover leaf - 22; spinach seed -
by
a
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No correction for geometry or backscatter was made. The combined factes 2

for the University of Washington counter was1.54 and for the WashingtonState

College counter was 1.56. Both were calculated from ps2. No decay factor wag iat

employed for reasons stated above.  

 

INTERPRETATIONS
 

Bikini Atoll - Activity, where present in the internal tissues of the cOconet, =

is of extremely low order, It is doubtful if, within those coconuts studied, there -

resides any activity greater than twice that which might be found in mainland truck 2

crops normally consumed without question as to the amountof activity present, *

There is, however, significant activity on the dead leaf bases and within

the accumulation of debris located in the axils of the leaf bases in those areas

where "fallout" of radioactive materials was to be expected, Counts run as high

as 8,100 cpm/100 mg. ash. This particular count was made on the dry leaf base of

a coconut palm on Romuk Island, The retention of the adsorbed fission products __

through the years of constant leaching by rains is surprising and certainly is worthy

of special note. In all cases where significant activity was encountered, dead

organic matter served as the carrier.

Significant counts madeat the site of collection with the survey meter pro-

vided were recorded in the dead leaf material collected at the north tip of Bikint ~*~

Island (Area 2406), and at Enyu Island (Area 2894), and at Romuk Island (Area 7

1014). In addition, laboratory counts are herein reported for Bikini Island (Ares

2506). 2

Eniwetok Atoll - Similar studies on coconuts were carried out at Eniwetox *

| Atoll on those islands where significant results were to be expected, but not on

thoseislands whereactual tests were conducted, Japtan was least affected while~ *

other islands gave very significant activity (see Table 2).

 
zt

There are several instances of probable internally collected radioactivity

in the Eniwetok studies as was the case for Bikini Atoll. studies. There are 20

instances, however, where internally collected activity is more than twice the

Likiep activity, or twice the activity found in truck crops. . ;

|
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Significant activity was detected on the dry leaf bases, and debris in the +   
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leaves at Igurin, Rigili, Bogon,Aitsu. On Aitsu an activity of 530, 000

6 mg.of ash was recorded, This was the highest recordedactivity; it was

Fon the dead organic matter of the dry leaf base. It is to be interpreted

ed material having fallen on the plant, rather than absorbed material

translocated to this site.

ICEDRADIOACTIVITY - ENIWETOK TESTS

¢ explosions at Eniwetok occurred above the islands rather than over

water as was the case for the Bikini tests. For this reason, additional

‘had to be considered. Foremost among these was the possibility of

sing formed by the n-y reaction of ca**, Ca** has a relative abundance in

approximately 2 per cent.

A:careful examination of the plants growing closest to the crater revealed

sence of a disturbance closely resembling calcium deficiency as it is

in the laboratory by withholding calcium’ from the nutrient solution. Ax
‘ tive hypothesis was then formed, that if cat> were present, it would tend to

in highest concentrations in those tissues which first showed breakdown

r calcium deficiency. This would then explain tissue breakdown which

& ledcalcium deficiency, but was due to radiation damage by ca*®
z

: For this study Portulaca oleracea plants were taken at different distances

gaway from the bomb crater to a distance of one thousand yards where

. Samples of coral sand were taken from the soil surface layer, and from

fand six-inch depths, to correspond with the plants collected at a dis-

oftwo hundred yards from the crater. Both the coral sand and the plant

from all other elements-—-——---~ -- ae

from ca*4The possible formation of cats

me'l Kgu5 with 1% fission i.e., 10 gms fission

v&28'x10°2em, atoms = 4,25 x 10°72 x 6 x 102"=2.5 x10

by the n-y reaction:

22 atoms
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235 ;
Assume U"*~ produces 2 neutrons, one escaping

Flux at 200 meters = 1 . «2,5 x10 n/cm
42

4x(2 x10)

= 2.5x10°* x5 x 10!
.5x10

2

 

n/om (fast neutrons)

Using = 0.6 b for ca**(ny) = ca*® (for slow neutrons)

N=lon=5x10" x0,6x10-*xn= 9x 10° atoms ca**/gm

 

n=6x10°° x .02 = 3x 107°
40 _

-dn =.AN= 0.7 .9x10° = 6.3 x10°
at 150 x 24 x 60 2x 10°

= 3x 10°d/min/gm(Sand) / 10 gmsof fission (at 200 meters)

It is apparent from the above results that the presence of cat may be 4

expected in the coral sands within a radius of the crater corresponding to the

length of the path of neutrons in the air,

The method used in the separations of calcium from other elements is out-

lined below, A simplified method and a more detailed method are included. They |

differ in regard to the extent of the scavenging" procedures employed to remove _;

fission products. The first is referred to as Procedure I; the second as Proce-

dure II, Procedure II gave the lowest values for ca*® /Ca so was regarded as the

most satisfactory procedure. ;:
ae

_. t#78

PREPARATION OF SAMPLE
 

' The dry plant material of the coral sand was digested ina kjeldahl flask =

with 15 ml of concentrated nitric acid, evaporated almost to dryness, another

15 ml ofnitric acid added and refluxed until all material was in solution; 10 ml

hydrochloric acid was then added and the mixture was evaporated until the volume ;

was about 2 ml, The material was transferred quantitatively to a 125 ml erlenmey™-;
a

set
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k and the digestion flask washed with dilute hydrochloric acid and the washings

ed to the solution, Total volume about 50 ml.

VENGING ProcedureI

i Ten milligrams of arsenic as Aso0, was added and the solution was heated

immost to0 boiling and saturated with H,S. The precipitate of As,S-. was removed

  
Ee. to methyl red, One ml excess of conc. NH,OH was added, the solution

: s heated almost to boiling, cooled, and the Fe(OH), removed by centrifuging

d transferred to a counting disk. Ten milligramsof Fe’'* was added and the
   

  
gt HCl using methyl red indicator,. one ml more of HCl was added, the solution

“was heated almost to boiling and, while hot, 10 ml of ammonium oxalate solution

{0 g. per liter) was added dropwise, then ammonium hydroxide 1:5 was added

. "Gopwise from a burette to the hot solution until alkaline to methyl red. The solu-

zton was allowed to stand on a hot plate for one hour and the precipitate of calcium

oxalate was removed by centrifuging and washed with 0.1% ammonium oxalate

lution made slightly alkaline with a few drops of NH4OH. The CaC2°4° H,0 was

afransferred to a counting disk and weighed.

  

 

. After counting, the calcium oxalate was dissolved in dilute HCl, 1:4,

ited to 50 ml, one ml of 4% ammonium oxalate solution was added and the

falctum oxalate was again precipitated by treating with NH40H as above. The

-“solution stood for onehour on the hot plate after which theprecipitate was

=by centrifuging, \washed until chloride free with water to which a few 

    

a8ml erlenmeyer flask, diluted to about 50 ml, heated to 80°C and titrated while

\ it with standard potassium permanganate solution.

. The solution after titration was neutralized with NH40H, acidified with HCl,

‘ mg of Fe**” was added, and the solution was neutralized with NH40H; one ml

UNino & . — i4

C
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excess of concentrated NH40H was added and the solution was heated almost to

   

 

boiling and saturated with HS. The iron and manganeseprecipitates were remomg Ee

by centrifuging, the calcium was precipitated as oxalate, separated by centrifugia,

dissolved in a minimum amount of sulfuric acid and the oxalate was removed by =

treatment with permanganate solution. Another ten milligrams of ‘Fettt WAS addeg 3 Ee

to the solution and the precipitation of iron and manganese repeated. The Calciugs 2

was again precipitated as oxalate in the solution acidified with HCl, the Precipitare 4 e

was washed with 0.1% ammonium oxalate solution, and the calcium oxalate wag a

transferred to a stainless steel counting disk, weighed, and counted, ° .

SCAVENGING: Procedure it’ (Revised Procedure including more vigorous -
scavenging.) ¥

Element Separated; Calcium, from all other elements, =

@}) To aliquot of the HNO, digested soln. add 10 mg each of Ru, Fe, and La, S
Make 0.5N in HCl and ppt. with HS. 2=

(2) Add 10 mg Ru and 10 Bi to supn. and repeat H,S pptn. =

(3) Boil out H,S and ppt. with NHg. =

(4) Add 10 mg Fe and 10 mg Y to supn. and repeat NH, pptn.

(5) Boil down to approx. 5 ml, add 10 mg Ba and 10 mgSr and ppt. with cold ;x

Fuming HN0O,. 3

(6) Add more Sr and Ba to supn. and repeat pptn. 3 times. 4

(7) Add Sr alone and repeat 2 times more, 2

(8) Boil down to approx, 5 ml, add 5 ml sat. (NH,),C,0, and make basic with =

NHg. ae

(8) Dissolve CaC,0, ppt. in HNO,, destroy Cy04 with KCl0, and make basic x

with NHg. Add 10 mg eachof Fe, La and Y. Centrifuge. —-----. -.- ~g

(10) Add more Fe, La and Y to supn. and repeat pptn. Centrifuge. =

(11) Repeat step (5). é

(12) Boil supn, down to approx, 5 ml make basic with NH,, heat, add 5 mi #8. Ss

(NH,)C>0, slowly. Stir 2 min., centrifuge, wash 3 times with 5 ml Hy’
3 times with 5 ml 95% EtOH, 3 times with 5 ml ether. a

(13) Transfer the total ppt. onto stainless steel disk and spread uniformly over =

9 em? area, dry and count. __-~§

    

 
lW. W. Meinke, UCRL 432, Aug30, 1949. Chemical Procedure used in bombsre” a
ment work at Berkeley. a
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A decay curve of the calcium oxalate isolated from the coral sands of Runit

gland collected 200 yards from the crater and counted in a RCL nucleometeris

a hown in Figure 1. From this data the half-life of the radioactive substance

antes is 180 + 5 days. This corresponds to the accepted half-life for ca4®
  

 

  
  

The results obtained from the chemical separation and the decay curve

“pdicate the presenceof ca*®, That it is present in sufficient quantity to be a

“dfinite factor in tt.e survival of the plants in the immediate vicinity of the bomb
45

ter is yet to be proved, It is quite evident that Ca constitutes a significant

* BE tion of the total radioactivity to which the plants are subjected. This fraction

B‘as been deposited within the plants by the normal process of absorption and trans-

re ‘ioc tion. These plants are short-lived and consequently have grown from seed

} “since the "test", their normal complement of calcium having been acquired from

tecoral sands irradiated by the neutron shower. This acquisition of radioactive

“material is in sharp contrast to the acquisition of fission products on the surface

‘uquired by direct fallout or by particles "splashed" upon the plant by the action of

misdrops on the surface of the soil containing the fission products.

    

  

 

e The specific activity (Cat5Ca) of plant material and coral sand collected

thirty and two hundred yards from the crater on Runit Island is shown in Table 3.

  
Two facts become evident after study of Table 3: (1) Procedure I with limited

i : venging is insufficient to removeall fission products as is shown by the lower

‘ecitic activity following the additional scavenging or Procedure II; and (2), the

‘Becific activity of the calcium in the plant material decreases with distance from

& crater. When corrections are made for the angle of incidence of the soil sur-

lice with the geometric center of the explosion!, the observed results at the two

ites agree within 15% of the calculated expected results based on adherence to the

verse square law, Under the circumstances of: (1) the elapsed time to collection

* samples, (2) the possibilities of mechanical redistribution, (3) irregularities of

bl surface and (4) bomb peculiarities, this result is regarded as being highly

Patifyi g. It lends much weight to the general conclusions regarding the presence

aa 5 in the plants.

  
 

“Based on the assumption tnat the explosion was initiated atop a 200-foot tower.  
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  Figure |. Oecay curve for ca*5 from Runit coral Sand, .
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Specific activity (ca*5/ca) of plant material and coral sand as
determined by Procedures I and I,

Correction Factors
 

   

Decay Back-
Dry Ca‘ Total correct scatter Sp. Act.

Scavenging Distance matter Ox. Ca obs. to Self and d/m/mg.
Procedure Material Yards  £ogms. gms. mgs. c/m 3/14/50 Abs, geom. Ca

plant
] 574 30 .874 .0295 8.126 1385 1 1.38 1.56 367

uw 574 30 .0108 «62.956 375 1.275 1.09 1,56 274
I 578 200 .9489.1646 45.0 2i 1,176 3,32 1.56 3.11

ul coral” —-200 0189 5.17 26 1.32 1.26 1.56 13.0
sand

1. Procedure II was repeated on material from Procedure I. No attempt was made to recover
all Ca in this step. |

2. Surface layer, ‘
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Autoradiographs of Portulaca oleracea plants collected from selected dis”
tances from the bomb crater on Engebi, Aomon and Runit Islands are shown in

Figures 2, 3, and 4 respectively. They show graphically the sametype of infor. #9

mation as is contained in Table 3. The intensity of the general background act; a

within the tissues, due largely to ca‘, decreases with distance from the crates

 

The same trend is evident in the autoradiographs from all three islands,

at random over the plant. As the distance from the crater decreases the intens{

of the individual spots does not increase accordingly, This indicates a rather wigs

particulate distribution of high activity fission products with a more limited but - ie

more uniform occurrence of cat, The limits of the ca*5 zone should correspond "i.

with the maximum range of neutrons in air and the concentration with the neutrog ‘

flux, unless scattering of ca*t® coral sand by mechanical means has occurred. ° a:

The presence of ca? in the tissues of the plants adjacent to the bomb "

crater is considered to be well established, The approximate concentration, hows

  

  

ever, was not sufficient to cause more than 734 d/m/gm of fresh tissue! (or per mip

cc of volume) on March 14, 1950, in those plants only 30 yards from the center of : :

the bomb crater on Runit Island, The total activity in and upon the plant collected 3

at 50 yards from the tower base (#575, Portulaca oleracea, see Figure 4) amounteé -

to 676 d/min/gm fresh material (assuming 20% dry matter) on May 29, 1950. Ths . a

cannot be corrected for decay since the half-life is unknown, Assuming cats made-Re

up an appreciable amountof the activity, the corrected figure might be near 1500 a

d/min/gm fresh material. Activity, then, is not excessively high. he

 

 

     

   
   

  

Radiation values are low enough to warrant a search for another contributiag °

cause for thé tissuedamage and death of-plants-in this-zone, -A-reference to Table5

will show the total calcium content of plants collected at 30 yards (Runit) to be oaly

9.3 mg Ca/gm dry matter, while at 200 yards the plants contained 47.5 mg Ca/noe

dry matter, This latter figure corresponds to the normal calcium content of ms”¥ y

plants. It is then evident that the plants near the crater are suffering from @ se :

calcium deficiency. Experimentally grown plants do not survive at lesser calclumm |e

 

‘Caleulated from data in Table 3 and assuming 20% dry matter content in the
tissue and using scavenging Procedure I, which gives the highest results.

ee:
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e 2a, Autoradiograph of Portulaca oleracea (#542) from Engebi Island. -~

. Plant taken 25 yards from tower base. Exposure 51 days to No-Screen

oo X-ray film.
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  Figure 2b. Autoradiograph of Portulaca

Plant taken 100 yards from t

, X-ray film. .

oleracea (#544) from Engebi

Gwer base. Exposure; 51 days to
‘Island 
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Figure 3a. Autoradiograph of Portulaca oleracea (#590) from AomonIsl
 

and.

taken 20 vards from tower base. Exposure: 42 days to No-5
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7 re
JAutoradiograph of Portulaca oleracea (#575) from Runit Island. Plant
e@xen 50 yards from tower base. Exposure: 51 days to No-S¢reen.
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values. How plants growing in coral sand can be calcium deficient js Somewhat q

an anomaly and certainly warrants further study. The relative importance of e

cium deficiency and radiation damagein producing the observed symptoms has

not been determined,

MORPHOLOGICAL DEFORMITIES

The most striking morphological deformities were found on Ipomoea Tubs

growing on Engebi Island, A series of photographs comprising Figures 5, 6,4

9 and 10 shows this species of plant in all degrees of severity in the daformationg

observed, Figure 5 represents the control, or normal material; Figure 6 shows

areas wherein deformities occurred. These areas have not been fully:covered by
the dense growth of Ipomoea which surrounds them, but have persisted ingrasseg

with stumps of deformed Ipomoea occurring, within the areas. Figure 7 shows

close-up of the grass and Ipomoea with tumorous growths at the basal nodesof cas

the stem, Figure 8 is a close-up of the tumorous growths. Figure 9 showsa
fasciation of the stem, This type of deformity is not rare in nature and should

not be strictly considered as a peculiarity induced by the unusual environmentof :

the "bombed" island, It may occur anywhere and with rather high frequency in semi

plants. Figure 10 shows the most severe deformation. encountered. There is ex x

posed on the clubby stem a mass of tymorous growths some of which have regese¥%:

ted rudimentary leaves from the proliferated tissues. How such a deformed plas:

can manufacture sufficient carbohydrate to produce the clubby stem tissue is a8

anomaly, ’

The nature of the injury shown bythese plants closely resembles that prev?ES

_ duced, in a numberof species, by an excess of growth hormones or accessory»

growth-stimulatingsubstances,Anexcess of these substances, above that whieh :

is required for normal growth, induces such deformities as is shown in the accom’

panying Figures, Figure ui shows a geranium plant, the stem of which has bees .

severed and the wound smeared with a mixture of indole-3-acetic acid in lanolia e

The same tissue proliferation with partial regeneration of leafy shoots is obs¢

The similarities in the appearance of the tumorous tisaues on the two species at

plants lead one to suspect a common causal agent, If the condition in IIpomoss,@

 

 

‘Unpublished results of 0, Biddulph.
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Tumorous growths.Ipomoea Tuba, Engebi Island.Figure 8
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Engebi island is induced by radiation, one would immediately look for a link pe

radiation damage and indole-3~-acetic acid production in the injured tissues, This

is an intriguing possibility. The problem could be attacked rather directly and

should be of immediate interest to many people. In this regard, it should be as-

certained if any weed-eradicating chemicals have been employed on the island,

or if any equipment used for such substances has been employed there. Any chem eo

substance possessing an unsaturated bond in a ring supporting a carboxyl Sroup og

a side chain possessing 2 to 4 carbons could logically be suspected to produce stad.
CH,- CocHlar effects, i.e.JJ

The radioactivity in the tumorous tissue is low. This species is deep rooted 7

and normally absorbs from a depth below that penetrated by neutrons, hencelittle

Ca45 would be expected in the root feeding zone of this species. Fission productg

on the other hand, may be expected on the surface of such plants, having been

splashed uponit by the action of raindrops on the soil surface. Time did not persmég

a more thorough investigation of this problem. :

A second species showing deformations was encountered on Aitsu, one of

the islands within the fallout zone of Aomon., Figure 12 shows a coconut palm with.

spirallytwisted !eaves. A number of other coconut palms in the same vicinity

showed similar but less severe symptoms. This spiraling of leaves is perhaps

caused by a disturbance in the pattern of cell division in the meristematic zone.

It is not as severe a disturbance as that leading to complete disruption in the or

zation of cell cleavage patterns, as is the case for tumors, but the disturbance 183;

in the same direction. :

GENERAL OBSERVATIONS
 

The-overall impressiongained from-the examination of-the-three."test"

islands is that growth of certain plants has been largely impossible because of the:

destruction of their natural habitats, In addition, the crater formed by the bomb

presents additional problems. The mechanical removal by the blast of the surfact

layer of soil has taken away the accumulation of what might be termed the “top

soil" of that immediate area. This may be a contributing factor to the calcium

deficiency observed in the vicinity of the crater.

From the center of the blast outward there exists a marked zoning of

+ UNIVERSITY LDCIeT
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vegetation, the general pattern of which is similar for each of the three islands,
The radius of similar zones, however, on the three islands varies, In brief, the’

zones occur as follows: (1) a zone of little vegetation: Engebi to 400 yards

radius, Aomon to 300 yards radius, Runit to 250 yards radius; (2) a zone of

scattered clumps of plants: Engebi - 400 to 500 yards, Aomon - 300 to 409

Runit - 250 to 300 yards; (3) a zone of rather continuous plants, many of which =:

show chlorosis (not sharply delimited on the outer edge); (4) a zone where disty.
ecological habitats are a more important factor in exclusion of plants than bom) °=&

effects. “3

SUMMARY

(1) The amount of radioactive fission products absorbedbythe roots,

translocated through the plant and deposited internally within the tissues of the

coconut palms at Bikini and Eniwetok Atolls is very small, Activity was not en.

countered which was in excess of twice that found in the control material from

or in crop plants grown in the agricultural soils of the Columbia Plateau in Washing:

ton State,

(2) Significant radioactivity persists on the dead leaf bases and in the acte~:<,

mulation of debris located in the axils of the leaf bases in those areas where "falladt

of radioactive materials was expected, Counts ran as high as 8,100 cpm/100 mg *

of ash on Romuk Island, the highest encountered on Bikini Atoll and 530, 000 :

c/min/mg ash on Aitsu, the highest for Eniwetok Atoll. This weight of ash corres®::-

45 44(3) Ca”~ was formed by the n-y reaction with Ca” in the coral sands of -

" Runit Island, andtherefore presumably on Engebi and Aomon. Ca*5 wasthen”

absorbedby the plants and resides within them as a componentofthe total calcium”

of the plants. The activities within Portulaca oleracea due to ca* were 734 ,

d/min/gm of fresh tissues on March 14, 1950, or approximately 1500 d/min/g™ a

fresh tissue in August, 1949, (Plant taken 30 yards from tower base.)

(4) Fission products are scattered at random over the low-growing plant

in the vicinity of the bomb craters. Their origin is presumably from the soil

face, having been splashed upon the plants by the action of raindrops on the soll,x,
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ient to cause the tissue disintegration and death of plants observedin this area,
as

e (6) Morphological deformities were observed in three species of plants.

iep

ag
of the fronds. The highest radioactivity counts were observed on coconut

| ‘patiasin this vicinity (see 2, above). Twisting or spiraling in the growth habit of

vt"

by tumor formation is induced, if it is causedby radiation; 3. the relation-_

i if any, of observed chlorosis in many plants to the bomb tests. Other probable

$ include the disturbed ecological habitat under which the plants now persist

clearance of the island.

e
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LAND VERTEBRATES ENIWETOK
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RATS
Rats of the concaler group, Rattus exulans (Peale, 1848), were collected ;

at Eniwetok Atoll on Biijiri and Engebi Islands. Although this species has the

generic nameas the "Old World"rats, it is probably not congeneric with them,

R, exulans differs from the Norway and Black rats by having a shorter head agg.

body, a difference in the mammaeformula, and different coloration ana texture

of the pelage. R. exulans differs from the concolor rats of the Malay Archipels

and the Hawaiian rat in having a relatively longertail.

The rats were caught in tin can traps. These were made by mounting . ’

mousetrap in the open end of a tin can and attaching a lid to the trap jaw in such

a manner that the lid springs shut when tripped by the animal. It is not possible

to greatly alter the sensitivity of this device, and as a result, a greater number

hermit crabs and crickets were caught than rats oe

The traps were set near the openings of the rat burrows or in the runway

which were usually situated in medium to dense growths of morning glories

(Ipomoea grandiflora) and sandbur (Cenchrus echinatus). In areas where there ss

were no plants, R. exulans was not found.

 

The diet of this rat consists mainly of insects and grass seeds. Coconst

meat and pandanus fruit are eaten when available. Oatmeal and "Post Toasties

breakfast foods were used for bait in the traps. The use of bacon or other grosses’:

foods for bait was not successful.

The specimenscollected for ashing were quick-frozen in a deep-frees®

unit; others were killed by decapitation and the tissues fixed in Bouin's fixativer

After fixation, the tissues were washed in 50 per cent alcohol and preserved in"

70 per cent alcohol. In preliminary histological examinations of the liver. ste
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ing (see Table 1), The counts found in bone samples werethe highest of

trated by the three specimens from Engebi, Rat1 was collected in an area

h registered 37,000 c/m on a Victoreen #263 survey meter and had a bone

t of 1780 d/m/g. Rat, and Rat, were collected at another site only 650 feet

hat of Rat, 1n an area which registered 600 c/m on the same meter, Their

‘counts were respectively 163 d/m/g and 153 d/m/g.

The counts found in the liver samples of the rats were relatively low in

parison to those of the alimentary tract and the bone samples, The amount

Fadioactivity in the digestive tract was variable although in all cases the animals

dnot eaten contaminated food for at least twelve hours before being killed.

In lung and kidney samples, counts were found only in Rat, from Engebi

These were 25 d/m/g and 312 d/m/g, respectively.

* The determination of d/m/g of total body weight (see Table 1) was computed

“the percent of total body weight for each organ. The amount of radioactivity

ram of total animal was correlated somewhat with the amount of radioactivity

area of trapping. Rat, from Engebi had 116 d/m/g of total animal and was

in an area which registered 37,000 c/m on a Victoreen-type #263 meter.

' ;and Rat, from the sameisland, had 15. 2 and 10.7 d/m /g respectively of

al animal and were trapped in an area which registered 600 c/m on the survey

The rat from Biijiri had .6 d/m/g of total animal and was caught in an

which registered 140 c/m on the meter,

.The organs selected make up 33 per cent of the total body weight since

e, nervous tissue, blood, spleen, pancreas, heart, and connective tissue

than bone was not sampled. The non-sampled tissues were considered to be

r ctivity and hence the d/m/g of total body weight is a minimum value.

an _
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TABLE 1 5
-— Qa

0

Radioactivity in d/m/g by area and by tissue of four rats collected at Eniwetok -

Atoll, 1949. >

Area Collected Liver Stomach Gut Bone Lung Kidney Skin Total Animal

Biijiri Island 3.89 21.3 9.0 * 0 - - 0.86 :

Engebi Island, 128.0 189.0 172.0 1780.0 25 312.0 - 16.0 ;

Engebi Island, 3.75 57.6 110.0 164.0 0 0 6.15 15.2

Engebi Island, 2.7 lu 20.0 153.0 0 0 7.05 10.7

©
o
t

* Ash lost

Per cent of body by weight of the tissues and organs of the rat

Rattus exulans.

Liver | Stomach Gut Bone Lung Kidney Skin
  

4.37 , 0.457 4.22 5.57 0.54 0.8 17.1
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een tissue and between rats, but all rats showed someactivity, The highest

sue count was in the bone, 1780 d/m/g, of the rat which also had the greatest

nount of total body activity, 116 d/m/g, and was caught in an area with a very

sh background count, as determined by field survey instruments.

Three types of birds, all of which were terns (Fam. Laridae), also known

Ngea swallows", were collected at Eniwetok on the islands of Igurin, Rigili,

gon, and Runit, Within this family the fairy tern (Gygis alba), the white-capped

ddy tern (Anous minutus), and the common noddy tern (Anous stolidus) were

The three species of terns collected usually nest in areas having a sparse

medium growth of ''Kilgin" or 'Beach Magnolia" (Scaevola) bushes. Thefairy

does not build a nest but lays a single egg in the fork or on the broken end of

nch, The white-capped noddy tern and the common noddy tern make a nest

icks and coarse grass in the branches of bushes or small trees. The fairy

rn, and to some extent the two species of noddy terns, usually remain close to

he nesting area thus facilitating the collection of specimens,

The amount of radioactivity found in the organs of these birds, whose diet

ists mainly of fish, was small (see Table 2). The tendency of these forms to

orage over a considerable area instead of confining themselves to one island, may.

Apart, account for this,

In those specimens collected, the liver contained detectable amounts of

adioactivity more consistently than did the other organs. However, the amount

1% bund in the liver of a fairy tern at Igurin Island was equal to or greater than that

‘Hound in birds collected at the islands in close proximity to the Target Area.

} If the birds were picking up speck contamination with sand for the gizzard,

ne would expect the counts in the proventriculus and gizzard to be relatively high.

five specimens there was zero count and in two specimens only trace quantities
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i TABLE 2.

- Radioactivity in d/m/g by area, species, and tissue

Pe of seven terns taken at Eniwetok Atoll, 1949.

i Gizzara and

hes Common Name Area Liver Preventriculus Gut

if Fairy tern Igurin Is. 2.6 0 0

j , White-capped noddy ,

N tern Rigili Is. 0 0 0

i | Fairy tern BogonIs. 1.4 0 0

oS Noddy tern BogonIs. 1,8 0.6 5.1

an White-capped noddy

eo tern Runit Is. 2.6 0 0

A Noddy tern Runit Is. 0 0 0

. Noddy tern Runit Is. 2.4 2.7 0

COBENuse
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Although there was partially digested material in the gut of all birds col-
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PLANKTON AND WATER SAMPLES

by

Allyn H. Seymour

PLANKTON

Samples of the iagoonplankton were collected by pumping the water & 4

various depths through plankton nets. This method produced quantitative sq

from a known depth with a minimum ofeffort, Other samples were collected tres
the ship's salt water supply, from towing small plankton nets, and from night ¢

lections using an underwater light and dip nets. Plankton collecting was a pargs

time assignment for two men and was scheduled for evenings and off days for fell

collections. The records of the plankton collections are presented in Table 1,

   

 

    
   

  
  
   

   

  
   
  

The pump was mounted on the afterdeck, starboard side of the LSIL, kh @

originally intended that a pump supplied by a 2-inch rubber hose would be used,

the pump placed in operation was capable of lifting 10, 000 gallons of water per ban:

from a depth of 200 feet and was supplied by standard, reinforced, Navy fuellng PS

a heavy, rubber-coated, 4-inch iron pipe.

The intake line led over a guide welded onto the stern and afterdeck up ™@.78

3-inch reducing unit that led into the pump. From the Carver pump, Model 318,

turned by a Wisconsin air-cooled motor, type AHH, the water either went through

line with a meter or a line that by-passed the meter, to a cylindrical tank in whidl

plankton nets were hung. The tankwas about5-1/2 feet tall and 18inches in ¢

and was attached to the stern so that the bottom of the tank was about 2feet above”

the ship's water line and the top of the tank about 2-1/2 feet above the level of

afterdeck. After a net had been suspended within the tank, water was pumped .

slowly through the net until the water level in the tank approached the top of the

Then the valve in the outlet at the bottom of the tank was opened, and at the some

time, the flow of water into the net was increased and the two adjusted 5° that 8

much of the net as possible was supported by the water, but with the water le

remaining below the top of the net.
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fe the amount of water pumped could be closely estimated. The amount of

- passing from the pump to the net was measured with a Sparling meter, but

constant flow was established, the water was usually shunted around the

2tO protect the meter from unnecessary damage. The water flow through

hung on the showeroutlet was 2 to 3 gallons per minute.

Since the nets were re-used, contamination of one sample by another de-

upon removing the entire sample after each catch, With the fine-meshed

‘this required special attention. All nets were thoroughly washed down and

‘that had become clogged were vigorously rubbed together by hand in water.

yme occasions, the meshes were microscopically examined to determineif

were clogged. The wash water was saved, allowed to settle, and the residue

decantation, added to the sample. All samples were preserved in formalin,

Plankton activity in disintegrations per minute per gram of wet drained

ople, by area, by sampling method, and by mesh size is givenin Table 2. Two

eral conclusions may be made from the data presented in the Table; (1) Catches

the fine-meshed nets, 125 or more meshes per inch yielded the highest counts,

ches of macroplankton from the night collections were low in activity. There-

, in’ comparing catches between areas, or depths, or time of day, it would

that only counts from the fine-meshed nets should be used. (2) Activity

eatest near the Eniwetok Shot Islands and next greatest in the Bikini Target

If the definition of the term "background" is extended to mean the count

[similar type of sample at a control station, in this case from Likiep Lagoon,

the activity in the plankton immediately off Bikini Island was "background";

Bikini Target Area, about three times background; off Eniwetok Shot Islands,

out eight times background; andoff Eniwetok Island,background. —

At a depth of 15 feet, catches made in the fine-meshed nets in the same

ea during daylight hours gave higher average counts than those collected during

urs of darkness. Values in d/m/g for Bikini Island during the day were 70, 164,

, 38, 12, and 3; at night, 6 and 3; and for Bikini Target Area, day, 86; night 0.

her catches were not comparable by the criteria established above.

To find out if the activity of the plankton varies with depth of sample,

vity of catches comparable as to mesh size, time of day, and area were com-

d, For Bikini Target Area the radioactivity expressed as d/m/g of three

uw UNIVERSITY ARCHIVES
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TABLE 2.

Radioactivity of plankton by area, by sampling method and by mesh size expressed

as d/m/g of wet drained sample, 1949, 9
F
P
E
-
C
O
U
V

  

 

 
Shower Night

Method Pump head fishin Towing
Mesh Size fine* coarset* tine coarse fine coarse
Atoll Area d/m/g n d/m/g n d/m/g n d/m/g n d/m/g n d/m/g n

‘ Eniwetok Aomon- 1503 1 214 2 3 2
Biijiri
Engebi 350 2 134 3 2 1

Runit 304 4 266 1 8 l
Eniwetok 0 1 10 1 4
Average 427 149 3 2

Bikini 2201, Tar- 151 6 22 3 o 1 2 2 '
get

_ 2505, 48 7 0 5 16 1
2 Bikini
29 Average 100 3 16 0, 1
3 Likiep _Likiep 51 2 52 2 3 1 :
# ff
~
“ | * 125, 173 or 200 meshesperinch.

= iB ** 38 or 74 meshes per inch.

bo 2 n= numberof samples. ;
i “4a B ,   
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tales from 140 foot depth averaged 181; one sample from 70 feet, 279; and one

male from 15 feet, 86. This would suggest higher counts from the deep samples

empared to the 15-foot sample, bur since the counts of samples taken at a

my of 15 feet off Bikini Island ranged from 6 to 164 d/m/g, the differences should

ibe considered significant with the limited data presented, If the water off the

¥Islands at Eniwetok can be considered as one mass, the samples from 49 feet

: off Engebi and Aomon-Biijiri can be compared with samples from 15 feet

Runit, Three samples from 49 feet off Engebi and Aomon-Biijiri Islands aver -

ged 618 d/m/g and four samples from Runit at 15 feet averaged 304 d/m/g.

The 1948 and the 1949 estimates of radioactivity in the plankton from compar-

rareas are given below. The 1948 values were expressed as millimicrocuries

kilogram of wet tissue and have been converted to disintegrations per minute

‘gram of wet tissue by multiplying by 2. 2.

1948 1949

Bikini Island 55 48

Bikini Target Area 290 151

AomonIsland 2858 1503

Engebi Island 990 - 350

q During July~August, 1949, 46 plankton samples were collected from Bikini,

dwetok and Likiep Atolls. Samples were collected by pumping from various

3 dations, radioactivity of plankton samples taken off Bikini Island was the same;~

aStBikini Target Area, three times greater; and off the Eniwetok Shot Islands,

at times greater. As in 1948, the highest counts in 1949 were from catches in

he fine-meshed nets. For comparable areas in which counts were greater than

“Re control station, the d/m/g of plankton in 1949 was approximately one half the

8 value.
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..... The 3-liter samples of sea water from Bikini, EEniwetok and Likiepthat
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WATER SAMPLES

   

   

  
   
  

    

  

   

   
  

Water samples were collected and preparedin the field by Pay} J.

Analysis for alpha activity was done at the laboratory of the Atomic Energy 4

University of California at Los Angeles, by Kermit H. Larson, Assistant ¢.

Alamogordo Section,

The technique used in the field to bring back a large samplein a smal}

container was to evaporate 3 liters of sea water to about 450 cc. ona hot platy

and then pour the hot concentrated sea water into a glass-stoppered 500 mal,

The evaporating dish was then washed out with 50 cc. of the same sea water

which 5 cc, of technical grade HNO, had been added, It was assumed that the

washing with dilute HNO, dissolved only a negligible amount of the ename)

tion dish. This technique left almost no precipitated salt in the dish,

The activity extracted from the water samples, as such, is not si

especially when compared to the amountof alpha activity contained in tap water;

at the University of California at Los Angeles Laboratory and from surface seg

water from Santa Monica Bay (see Table 3). Also, it is interesting to note tha

the alpha activity obtained by using a nitric acid wash on the sample bottles aswe
a thorough water rinse was sometimes greater than the sample itself.

The problem of absorption by glass of alpha emitters, as well as isot

known, but Larson reports that his results indicate that some does absorb. |

SUMMARY

were evaporated to 1/2 a liter and then sent to the laboratory at the Universilf¥

California at Los Angeles for counting did not show significantly greater alphe

vity than a sample from Santa Monica Bay and showed less alpha activity thas

sample of laboratory tap water.
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Alpha activity of water samples from Bikini, Eniwetok, Likiep, Los A
     
ngeles, 1949

 

 

 

 

 

Total alpha
Original Ml. HNO, activity from
sample added to Alpha activity HNO, rinse of

Depth volume collected obtained sample bottle
Region Location feet liters sample Dis/hr/Titer Dis /hr /total rinse

Eniwetok Engebi Island 49 3.10 10 10 0.0
Atoll Aomon-~Biijiri Is. 49 3.05 5 24 16.0

Aomon-Biijiri Is. 49 3.05 5 12 0.0
Runit Island 15 3.05 5 31 4.0

i]

Bikini Atoll BikiniIs., Area 2505 15 3.15 10 39 12.0 3
t

Bikini Is., Area 2505 15 3.05 5 16 0.0
Target Area,
Area 2201 140 3.02 4 36 24.0

70 3.05 5 24 98.0
0 3.05 5 23 0.0

Likiep Atoll Likiep Island 15 3.05 5 42 38.0

Los Angeles Santa Monica Bay 0 - 18 -
Laboratory tap water - - - 59 -
 

The ferric hydroxide procedure was used in above determinations.
known whether or not thorium and/or uranium (naturally occurring) is picked up by this
method. (This table was prepared by Kermit H. Larson).

At present, it is not
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ALGAE

by
Ralph F,. Palumbo

OCCURRENCE, HABITAT AND IDENTIFICATION

Algae were collected for the most part in the same area as that chosen for

the collection of the fish samples, and usually at about the same time. Thus the

bulk of the samples of algae were derived from localities similar to those for the

fish, and should provide a good comparison between the two, as in many cases,

the fish collected might have been feeding on the algae in that area. The majority

of the algae were collected in water the depth of which ranged from six feet to the s

shore line of the inner reef, in pounding surf or in fairly rough water. The re-

mainder of the collecting was done while wading along the shore line of the inner

and outer reefs, in the tide flat between the reefs, and in small pools left along

the shore among the rocks. Some specimens were picked up on the beach and on

debris floated ashore. Samples were also obtained from the bottom of the lagoons

by means of dredging from a small boat; other samples were obtained from buoys

anchored in the Bikini Target Area,

Various habitats were included in the collecting. In deep water, samples

were obtained mainly from coral heads and from the sandy bottom wherethe light

was not strong. In other cases, the samples were located in very shallow water in

strong light, either in tide pools or on the reef in the strong surf. In certain cases,

the algae were found in crevices or on the under side of the rocks hidden from view,

but in the path of constantly surging water.

Several different methods were attempted to facilitate the collecting and

storage of the specimens for further study. Dueto the depth of water involved,

it was difficult to swim with much equipment attached to the person; so it was

necessary to put all specimens into a capped jar and to transfer the separate species

of algae to smaller bottles upon reaching shore. Because ofthe difficulty of sub-

merging repeatedly with such a container, a small bag madeof plastic screen w@5

substituted and the collecting was made simpler and moreeffective. Collections

along the shore were made without much trouble, requiring only a bucket and small

sample bottles with the proper labels. A knife or scraper was often used to pry

7 - cosy Ty
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nt samples away from the rocks. These in turn were placed in sea water for

er to the appropriate containers. Once the samples were returned to the ship

f The collecting of algae was separated into two phases. The first phase

ered the collection of ten specific algae from each of the collection stations,

jole, most of the algae were not presentat all the stations, or could not be _

din the time allotted; in fact, the majority of the algae were to be found in but

w.of the stations chosen. This statement holds true for all of the algae with the

ption of the genus Halimeda, which was found in abundanceat all the spots in

collections were made. At three of four stations no more than thee different

s of algae were obtained for further study because of the paucitv of the flora

e points.

The ten algal groups selected were chosen because they were most abundant

e collections of former years.and because they are probably used for food by

fish of the area, The genera in certain cases included more than one parti-

species; this was allowed because of the confusion and similarity between the

ecies of the same genus andthedifficulty involved in separating one from the

ifler. The genera collected included species from different phylogenetic groups

the algae, but for the most part the algae were fleshy and undoubtedly eaten

e fauna of the region,

The genera chosen, their occurrenceat the collecting stations, and their

u bitat are given in Table 1.The habitats of the various algae differed from one

ther in addition to the fact that their distribution was dissimilar. In most cases

‘Same algae were found in the samehabitat. As an example Halimeda was

ually found attached to the bottom and to coral heads under water, whereas

ocarpus was usually found attached to the reef at the water line.

As a whole the numberof algae at Eniwetok Atoll is meager as compared to

a at Bikini. This is undoubtedly a result of destructive forces and not a natural

~y Ondition. As an example to illustrate this point, the collection made off Engebi

I€



TABLE 1

Occurrence and habitat of ten common algae at collection stations.

 

 

 

 

 

 

 

 

 

 

Station — Habitat

& a.
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Halimeda P| P/P P/| PJP |P{ PJP |P}] PJP |P} P| Pj] Pj P| Attached to the bottom or to coral heads in all‘ —_—— depths of water. =
Udotea Pi Pl- J-]-+]r J- f-f- Jo -d- fe - - S| - Growing singly in small clumps in conjunction ?
—— with Halimeda.

Microdictyon P| P|IP |]P} PIP |P} PIP [P]- {- j- -}] PIP PI Attached usually to other algae or to rocks at
varying depths.

. Cladophora P] -|PJ-]-yJP{S]S8]- |- -}yP PT - Ph - - Found free floating or attached to rocks in low—t
water.

Dictyosphaeria PY} PIP j-} -3P }- p-d- fo pode |- fo] 7p Pio Attached to coral heads in large clumps in 3-6'
water,

Turbinaria Pi-j- peep -|P f- Sd- J- -]- t- - -]} +f - Attached always to the bottom in sandy
areas,

co Caulerpa P} PIP |]-] P}P ||P] PIP P|} PIP }- - PJ] -| PI Attached to coral heads in deep water in large
A pt _1 | manses, or in shallow waterin fastrunning water,
at UA Polysiphonia P L PTPy -{- ¢- STP ]- - iP PPE - Pl - + fin fast Mowing deop water with low Nght,
A typeP| dl. edeode de hel. _b .
ae Hdagere ~P rer ep? -~d- fed: ~]- ryodry VERT Attached to the bottom at varying depthe

m4 Hetoens pie hie ; N wt > fo ~ [oP Uascad dy Fenced tee lew wanton wltty golonity aol Ulght al
the alors line,                    

P = collected for study - = not present 8» present, but not in sufficient quantities for sampling
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nd in the vicinity of the debris resulting from the blast consisted of two algae,

dophora and Lyngbia. These algae are primitive in type and could be expected

; the first to reappear after the flora had been exterminated. Other more ad-

: ced forms were not present in this area but were found in abundanceat the

islands not exposedto the effects of the blast. The algae were found in great

bers at Bikini, Enyu, Amen, Erik, Namu, and Likiep Islands, even though

number of different species was not great.

- ‘The second phase was to collect all algae that were found. Following is a

Lithothamnion sp. Bikini I,, Likiep (Lado) - on outer reef, form-

ing part of the reef itself, giving the charac-

teristic red color to the reef,

Lithopyllum sp. Bikini I., AmenlI. - on outer reef, and

also making up the reef.

Avrainvillea sp. Bikini l., Enyu I. - found only in isolated

spots attached to coral heads similar to

; Udotea.

Scytonema Myochrous EnyulI,, AmenI., Runit I. - attached to

rocks, found on LCT 816 at the water line,

Padina sp. Amen I,, Eberiru-Aomon (dredge 40-60) -

attached to rocks and barge at varying depths.

Hydroclathrus sp. Amen I, only - attached to the bottom,

sparse growth.

Lyngbia semiplena AmenI,, Erik I., Eberiru~Aomon (dredge

40-60") - in fast-flowing water attached to

rocks. -

Valonia sp. . IgurinI., RigililI., Eberiru-Aomon dredge,

Likiep I, (outside) - attached on the under

side of rocks usually in low water.

Dictyota sp. Rokar-Enyu dredge (60-100'), Eberiru I.,

Eberiru~Aomon dredge - attached to rocks

at varying depths.

UNIVERSEOY 
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e 10. Laurencia sp. Rokar-Enyu (dredge 60--100'), EriktL

Be Japtan I., Likiep (inside)-attacheg tes
k, bottom in large tufts. ¢

= ll. Asperogopsis
ie Sanfordigna Japtan I., Igurin I. - in tufts attached r
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the sandy bottom.

12, Hormothamnion Rigilil., Eberiru lI. - in fast-flowing a
enteromorpn .

enteromorphoides gn bottom or attached to rocks,
13, Lyngbia majuscula Rigilil., Engebil., Eberirul, ~ gtgg

to debris on bottom in fairly deepwat
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14, Bryopsis pennatifida Attached to rocks in large clumps atthe

water line.

B 15, Pockockiella sp. Eberiru-Aomon dredge, LikiepI, (te

if ' attached to the under side of rocks is

inky light. ‘

, 16.

|

Neomeris sp. Likiep I. (outside) - attached to the bewhaen
m and to the reef in low, fast, running wea

- 17. Hydrocoleum confluens Boro I, only - on outer reef in fast wus;

AOE forming a slimy cover. .

ts 18, Chlorodesmis comosa Amen I. only - on rocks and inner reet:-

. in large clumps at waterline. .

ne 19. Jania sp. AmenI,, JaptanI., Engebil., Eberiré

ia3 Runit I. - may be confused with Pe :

fs i attached to rocks and coral heads in ,

: water in tufts covering large areas. ~

Be ‘This list does not include certain algae sent out for identification, not

: it include the different species of some of the genera, such as Halimeda and

Po Caulerpa, of which there are several. A completed list of all of the species onl

jo lected will be compiled as soon asall the information is gatherea. |

a Dried specimens of the algae have been mounted, and a set will be avail

| able at the herbarium of the University of Washington. Preservedcmt

be kept at the Applied Fisheries Laboratory for future reference. y
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g people:

Dr. Francis Drouet of the Chicago Natural History Museum.

R;, Dr. Lois Eubank of Mills College, Oakland, California.

% Dr. Isabelle Abbott of the University of California at Berkeley.

Dr. G. J. Hollenberg of Redlands University, Redlands, California.

_ Dr. G. F. Papenfuss of the University of California at Berkeley.‘t

Lar

PIOACTIVITY

Radioautographs of Halimeda, Lyngbia, Udotea, Dictyota, Microdictyon

ryopsis have been made but are not shownin this report.

The frozen algae samples were ashed and counted by the standard procedure

ed in an earlier section. After counting, the algae samples were grouped by

by species, and by phylogenetic relationship, and the activity of the samples

ressed as d/m/g - was tabulated.

f In Table2 the average count of all algae samples from the samelocality

sted according to descending order of activity. The four areas at the top of

t list are in the vicinity of the Eniwetok Shot Islands and are followed by two

imples from the Bikini Target Area.

The average d/m/g for each species from all areas combined arelisted

;descending order of magnitude in Table 3. This listing indicates that the

bre succulent forms contain the highest activity. These algae as a rule were

din low water close to the shore line. As an example, Bryopsis was found

ng the shore on Engebi Island; it is succulent and had a high activity. The

e can be said of Lyngbia, Scytomema, and Hormothamnion, In contrast, the

Orallines such asHalimeda, Lithothamnion, and Lithophyllum showed hardly any

ictivity even though also found along the shore.

Table 2 does not necessarily give a true picture of the algae activity by

gcality nor does Table 3 necessarily give a true picture of the algae activity by

pecies because all species were not collected in all areas. The range in values

fom a common area and the variation in values between species are shownin the

abulation below of the activity of the algae samples collected from Engebi, Eberiru,

nd Runit Isiands, Eniwetok Atoll: 
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TABLE 2 .

Activity of algae samples by locality, 1949. :

1949 Za
Locality A 4 average a

code toll Islan n d/m lg am
ES — ; & a

M Eniwetok Eberiru 7 2412 : .
O " Runit 6 2289 a
L " Engebi 6 1224 ee
N " Eberiru-dredged 4 270
E Bikini Target buoys 5 79
DD " Target-dredged 6 51
D " Rokar, dr. 2795 5 13
Cc " Amen 13 9
A " Bikini, 2407 10 9
F " Erik, 0390 7 7
B " Enyu, 2895 13 4
Q Liktep Lado (outside) 10 3
P “ Lado (inside) 12 2
H Bikini Namu( W.tip) 4 1.5
J Eniwetok Igurin (inside) 7 1
I " Japtan (inside N, end) 6 1
K " Rigili (inside) 4 0
G Bikini Boro <i 0 %

Total 129 a

ati

4
4

ae rpeyrTy VA oS 3
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TABLE 3   
Activity of algae samples by species, 1949,

Name

 

Lyngbia majuscula
Scytonema Myochrous
Hormothamnion enteromorphoides
Polysiphonaceous type
Bryopsis pennatifida
ictvota major

Cladophoralutoela a
Microdictyon japonicum
Padina commersoni
Halimedasp.
Caulerpa racemosa var. clavifera
Valonia fastigiata
Turbinaria ornata
Ectocarpus sp,
Microdictyon Okamurai
Dictyosphaeria cavernosa
Canterpa Urvilliana
Laurencia
Lithothamnion sp.
Caulerpa racemosa var. uvifera
Udotea orientalis
Lithophyllum
alimeda funa

Liagora farinosa and app.
‘Halimedasp.
Avrainvillea sp.
Halimedasp.
Halimeda sp.
Polysiphonaceous red alga
Hydroclathrus clathratus

adophora sp.
Asperegopsis sp.

oteasp.
Laurencia sp.
Pocockiella Papenfussii
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Alga d/m/g
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1, Ectocarpus sp. 6255

2. Lyngbia majuscula 3366

3. Hormothamnion enteromorphoides 3334

4, Dictyota major 3309

5. Microdictyon japonicum 2392

6. Polysiphonaceous type 2287

7. Bryopsis pennatifida 1386

8. Cladophora luteola ° 1060

9, Caulerpa racemosa var. uvifera 90l

10. Halimeda sp. 426

ll, Caulerpa racemosa 42

Although most of the succulent forms appear at the top of the list, an exception

is Caulerpa. It might be expected that Halimeda, a coralline alga, would be of

relatively low activity because of its high percentage of calcareous material.

Thereis little correlation of activity with phylogenetic sequence as shown

in the present data (see Table 4).. However, the relationship may be obscured by

the fact that all species were not available in all areas, and the data are from col-

lections in all areas, both active and inactive. A more extensive collection would

be necessary before any valid conclusions could be made.

A comparison between algae activity in 1948 and that in 1949 is given below:

 

£
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ALGAE ACTIVITY, 1948 AND 1949
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1948 1949
average average :

Area n d/m/g n d/m/g E,

E
Shot Islands 23 2710 23 1700 |

Other 32 174 17 1 e
Pl

Target Area 15 425 64 E |
N to E reef: Uku to Amento Ei
Bikini to Rokar 97 45 28 10 Lt
Other 54 20 2804 b

Lado - - 22 (3 f

The 1948 values were converted from millimicrocuries per kilogram
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. 7 was two to three times the Likiep average; for the Target Area, about .

Etimes the Likiep average; and for the remainderof the atoll, approximately

same as Likiep. For Eniwetok, the average algae count of samples collected

he vicinity of theblast areas was five hundred to six hundred times the average ae

ep value, but for the rest of the atoll, the average values were equal to or

S$ than the Likiep average, Of the various types of algae, the succulent forms

usually the most active. The 1949 value for the active areas was roughly

hie-half the 1948 average value for the same area.

UWpeOS
OE RES

The



 

AECD-3446 -118-

TABLE 4

Activity of algae arranged as to phylogenetic sequence,
1949,

d/m/g

I, Schizophyta - Blue Green Algae
A. Rivulariaceae

Calothrix 3366
B. Oscillatonaceae

Lyngbia 1668 —

Il. Chlorophyta'- Green Algae
A, Valoniaceae

l. Valonia 30 Le
2. Dictyosphaeria 18
3. Microdictyon 19

B. Cladophoraceae .
1, Cladophora 402

Cc. Bryopsidaceae
1. Bryopsis 1386

D. Caulerpaceae
l. Caulerpa 61

E. Codiaceae
1. Avrainvillea 0
2. Udptea 192
3, imeda 75

II. Phaeophyta - Brown Algae
A. Ectocarpaceae

l. Ectocarpus 1260

B. Asperococcaceae
1. Hydroelathrus 0

C. Dictyotaceae 330
1. Dictyota 1
2. Padina 114
3. Pocockiella 0

D. Fucaceae - -
1. Turbinaria 24

Helminthocladiaceae
l. Liagora
2. Asperegopsis

B. Corallinaceae

1
0

1, Lithophyllum 7

2. Lithothamnion 3

6

0

IV. Rhodophyta - Red Algae
A.

Cc. Rhodomelaceaeé
1. Polysiphonaceous Red Alga 130
2. Laurencia  
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Section X

INVERTEBRATES

by

Kelshaw Bonham

  

   

  

  

   

  

   
  
  

  
  
  

  
  

  

   

   

  

etIdeally the basis for evaluation of intensity of activity at the various

ities from invertebrate tissue counts would consist of a comparison of the

he'species from all the localities. Since it was not feasible to collect identi-

pecies from all localities, the comparison was madeon the basis of available

* Identification of sponges and sea cucumbers was undertaken by

Margaret E. Dunn whoisolated the microscopic skeletal elements by dis-

Sponges were identified at least as to order and someto

Mostof the

ion of soft parts.

Most of the sea cucumbers were identified as to species.

uy one or portions of one were used. Numbers of specimensas identified for

hing are tabulated by stations in Table 1.

Invertebrate samples were ashed in September, 1949, and in accordance

the policy of counting control area samples first, the ashed Likiep inverte-

es and algae were plated and counted from November 22 to December9, 1949,

e the invertebrates and algae from other localities were counted from February

o March 10, 1950. Counting was done in the Nucleometers as described earlier™

Counts per minute per gram of ash above background plus 3 stand-the report.

and averagedrd deviations were corrected back to wet tissue for each sample

m/g)to obtain the average count for the area. Average c/m/g were converted to

usintegrations per minute per gram (d/m/g) by using a factor of 1.5. Values

ven are for entire organisms unless otherwise stated. The averages for different

alities are based upon various species and numbers of specimensandinclude all

ed samples (see Table 2). The distribution of radioactivity of ashed inverte-

rates among the localities sampled was much as would be expected, being greatest

APCUIVESUNIVERSITY 3
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TABLE 2

Average d/m/g wet tissue of all ashed samplesof invertebrates from

1949 collections at Marshall Islands arranged according to activity

within the three atolls,

 

Average
Bikini! Atoll Locality in order of increasing act'vity for Atoll

Island Boro Enyu Namu Bikini Erik Amen Inside Target
Bikini bupys

Date collected 8-2 7-26 8-3 7-25 8-1 727 7-28 7-30
Area 8799 2894-5 9514 2407 0380 1213 2306 2201

9614-5
Habitat shore shore shore shore shore barge and dredge buoys

shore 30!
100 yd

a/m/g wet 0.6 1.3 1.7 3.3 5.8 6.8 30 104 37

Eniwetok Atoll

Island Japtan Igurih Rigili Inside Inside Engebi Runit
Bogon Eberiru

Date collected 8-8 8-9 8-10 8-12 8-14 8-11 8-15
Habitat shore shore shore dredge dredge shore shore

50° 55¢
d/m/g wet 0.6 0.7 1.8 110 140 480 750 480

Likiep Atoll

Island Likiep Inside Lado
Likiep

Date collected 8-22 8-20 8-20
Habitat shore dredge shore

40"
d/m/g wet 0 Q 1.2 0.9
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Jsognomon, and sponges had higher average counts than algae which are %
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near the blasts at Eniwetok and in the samples from the Target Area at poy
and practically absent at the control atoll of Likiep.

In Table 3 invertebrate counts are given for the three atolls sen;, 2

relatively active and inactive stations. Asteroid starfish, hydroids, the ¢

for purposes of comparison.

In attempting to decipher the pattern of the distribution of activity

the invertebrates, food seems the most likely singie variable to account for /

differences, Because foed was not studied, a separation into sessile plancon

feeders and mobile non-plankton-feeders was expedient. Average disin

per minute per gram of wet tissue for the animals in the three most radionctivg ;

areas (Eberiru, Engebi, and Runit) were compared for the two food categarieg.4

using the ttest. At these 3 collecting areas 23 plankton-feeding animals, exe!

ing the corals (whose relative lack of radioactivity may in some way be asseaey

with the fact that the soft parts are overwhelmingly outweighed by inorgamec

terial) averaged 2300 d/m/g while 71 animals that feed otherwise averaged

600 d/m/g (see Table 4), The difference is significant beyond the 1 per cent

of probability.
wf

A comparison for shellfish of the activity in skeletal parts and soft par

is presented in Table 5.. Soft parts contained more activity than hard parts 08

average, but numerous exceptions prevent the difference from being clear-cut,

Only two of the snail shells had activity, while some clam shells and crab

tons had definite counts, and the counts of some oyster shells were high.

Most of the sponges were of theflat.encrustingtype adhering to corel7Pa:

rocks, Sponges are arranged in Table 6 by natural groups in decreasing of

of radioactivity. Although the data are notextensive, it is probable that “B®

at the top of the list take up radioactivity more avidly than those at the bostoms &

list. Mrs. Dunn observedthat the sponges of relatively porous, open etary: !

tained greater amounts of plankton and were more radioactive than the —

dense sponges.

Comparison ofthe activity by stations in 1948 and 1949 was mad& oy”

verting 1948 values from millimicrocuries per kilogram to d/m/g using ®

aeARPTIVES
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grouped by active and inactive localities at three atolis.

 

 

Table 3. Average counts of wet tissue of algae and invertebrates,

 
  

   

 

   

 

 

  

 

   

   

 

 

   

    

 

 

  
    

    

  

  

  
 

  
 

   

viru, Runit, Bagebi

—Likier_ Bikcind Saiwetok stations
na e re * ive york

- - -«- - - - - 1 6,400 1 6,400
- - Q oO - - 1 0 3 8,450 5 5,100
- - -« - - - e - 1 2,600 1 2,600

5, Hydro 2 o 1 100 2 52 3 2 7,200 7 2,100
e Urchin, heart, Brissus - - - - 2 3,400 i 390 i 0 & 1,800

ster, lsognom’ 1 0 62 0 = - 4&4 6 3 2,700 10 ed
2 on 9 o.|6UC8 33 19007 15 8 2,500 bh 58

1 o 1 7 - - + - 11,60 3 £52
1 0 - - 1. o 2 £78 &h 39
1 Oo - - - 2 0 2 740 4 370

. a 3 bh O 47 ob 7 0 23 1,700 ll2 300
; Oysters, other than Isognoaoy - - 6 2 32 39s - 7 50 lh 27”
“Cucuaber, other than Holothuris 3 o, Ss 8 - - 2 o 3 50 10 2
Snail, Vasua 1 0’ 3 o - - 2 o 2 830 6 20

® Cucumber,Holothuria gtra & f.-r. 1 0 5 oO 2 o 3 She's 580 % 190

Urchin, oval, Echinometra
mathaed 1 o 62 oOo) - 2 Oo 65 200 «100 oun

Snails, other than Cogs,
*, Gypraea, Nerdis, & Yasue 3 o 2 2 3 2 9 2 6 340 33 93
‘Crab, hermit, Coenobits perlatus - ~ 3 o - - 3 0 2 s8 10 ”

* Barnacles 2 o 6s - - - - - i 270 3 88
ca e tis

- - 3 o - 4 0 5 230 «(13 87

Shriap 1 0 od 0 - of Oo & 150 7 86
Urchins, other than Echinometra 1 o 6 0 - - 3 Oo §5§ 10 15 33
Crab, Grapgus grapsus 1 o 6 o 4 o 2 2 3 lwo 4 B
Corals 3 0 66 o 3 o 10 6 «68 6 3 2h
Clas, giant, Tridacna & Hippipus 1 2 5 3 - - 3 0 3 70 #12 20

Crab, Eriphia laevimana a 2 3 2 = - & 222 50 210 20
Snail, Nerits piicata & sp. 1 0 7 0 - - 3 0 3 Bh ly 18
Octopus - - - - - - 1 0 1 a 2 10
rab, Ocypode - -~ § 2 « - 2 Oo 2 36 9 9

Crab, hermit,
other than Coenobitus 2 3 9 Oo 1 6 2 QO 2 x» 16 4

: nS Star, brittie-,ophiuroid 2 3 3 2 - - 4 0 2 6% uu 4
ess Snail, Conus marmoratus,

-cevlonensie, ebracus, Qavidue - - 7 o - - 2 a 2 1 3
Crabs, other than oo -

'  Eriphig, & 3 o 6 0 2 2 3 o 1 6 15 2
* Class, other than Peidacnides 1 0 3 0 1 2 2 0 - - 7 0
‘Sand dollar - - 2 0 - - - “- - - 2 0

Cricket : -_ -_ -_ ~ ou 0
All 54 0.8 65 hol 47 2x0 6499 16 12. #120 486 1500

7 Urtdging inside Rokar, Ion & Snyu, Areas 2795-7-9, July 29, a.m.
: » Areas 1904, 20034, duly 29, pom, anchor buoys, Area 2201, July 30
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TABLE 4

Comparison for Eberiru, Engebi, and Runit, Eniwetok
Atoll of activity of plankton-feeders with non-plankton-
feeders.

Plankton-feeders

Clam, Tridacnids 18 Oyster Chama
" " 135 " Ostrea 1, 600
" " 60 " Unidentified ,
Rydroids, Misc. 12, 000 Sponges " 2, 200
ty " 2, 000 " e

CH] "Oysters, Isognomon 10 360 , it 8, 400

" "" 2, 100 " " . > /

" Pinctada 160 “ " 6, 900
"“ —e— 680 " "

" " 400 Tunicate, compound 8, 400
" a 0

Non-plankton-feeders

Crabs, Ghost, Ocypode 58 Shrimp
i" « 10 Starfish 12, 000

tt — 15 , 300
tt " 160 Star-brittle, Ophiuroid
" i 1
1 Eriphia iB Snail, scorpion
" " 78 Snail, Vasum
et

‘" Mise 3 ‘" Cypraea * Y60
we we . 18 i

" " 200 " "
' tt 6 " "
CT] " 280 TY tt

"t " 1, 500 Snail, sea, Nerita
" 0
tt Coenobita 900 " i, "" ————— 3 Purpura_n. Dardanus _9 u "  Pterocera ss
" Hermit, small 250 " i‘ rochus
" " 4 52 i" - Cerithium
t 0 Drupa
Cucumber, black, Holothuria 200 " "  Comis
" tt ——1r———~ 740 " " "" " " 360 " " Strombus
" " " 480 Urchin, slate,Heterocentrotus
" 1 '
un” large brown Actinopy

ge

a4 Urchin, Echinometra
" small tan 330 "
" " " 680 " "
¢ oe t 1, 100 " TT]

" rT) " 2, 000 n " 0Shrimp 120 " Eucidaris 32
" 240 echinus
" 64 tt sma  Urchin, heart Brissus

NOT Py norm
TNTVEDSTDV ARCEHTY?

yoo
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TABLE 5  Comparison of radioactivity expressed as d/m/g of entire
organism attributable to soft parts as comparedto hard
parts (exoskeleton) of bivalves , crabs, and snails collected
from Eberiru, Engebi, and Runit, Eniwetok Atoll.
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TABLE 6

Radioactivity of sponges by natural groups from all
stations combined,

Class
 

Demospongiae

Demospongiae

Demospongiae

Demospongiae

Demospongiae

Demospongiae

Demospongiae

Calcarea

Demospongiae

Subclass

Keratosa

Monaxonida

Monaxonida

Tetractinellida

Monaxonida

Monaxonida

Tetractinellida

Tetractinellida

 

Order Genus

Spongia
Hadromerina

Poecilosclerina

Carnosa

Halichondrina

Haplosclerina

Myxospongida

Choristida

 

d/m/g

6, 900

1, 600

860

560

310

170

50

44
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2 (see Table 7), At Eniwetok there is a conspicuous reduction in .1e amounts

‘*adioactivity at Rigili and Igurin, and a decline of Engebi from the position of

s highest in activity of invertebrates in 1948 to third place in 1949. It will be

fed also that counts of algae showed the position of Engebi to drop from second

1948 to third in 1949, Perhaps the collections on Engebi in 1949 were not from

most active portions of that locality. The section of the present report dealing

th the distribution of radioactivity on land shows great variability of intensity

: relatively small areas near the target localities. If the same condition may

‘assumed to exist in the water, a slight change in position of the sampling sta-.

nfrom one year to the next could effect noticeable change in the radioactivity

the invertebrates, At any rate the possibility of more rapid decay of material

ga Engebi than from other stations was negated by recounts in June, 1950, of

im two to six of the 1948 samples from each of the three Eniwetok blast locali-

~ No significant difference in the rate of decay over the 1-1/2-year period

mong the islands could be observed.  - Several points of interest merit discussion, Comparison of the inverte-

tes as a whole with algae shows more radioactivity in the algae than in the i f

jertebrates at the Eniwetok Shot Islands, but not in the Bikini Target Area. 7B

ch sessile invertebrates as hydroids and encrusting sponges exceed the algae. °

948 the algae and invertebrates were about equal in radioactivity at both i

iand Eniwetok, In 1949 the invertebrates as a whole were less radioactive Be

n the algae, probably because relatively more of the low-counting types of ani- i iF

like crabs, clams, snails, and urchins were assayed in the latter year.

ver, higher counts were obtained from certain invertebrates such as star-

: i, hydroids, oysters, and sponges, than from any of the algae sampled. Indeed,

e ntrance and path within the organism of the relatively great amounts of - 2 oo.
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Low levels of radioactivity among the corals, which are sessile, plankton-

g organisms, present an anomaly, Coral samples were almost exclusively

the hard, calcareous type. In preparing the samples, hard parts were not separa-

from protoplasmic portions, so that unless the hard parts were radioactive,
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the sample count would be low even though activity were present in the soft >.

Presumably cat® does not occur sufficiently abundantly to become involveg

appreciably in the food cycle of corals.

SUMMARY

Radioactivity expressed in d/m/g wet tissue of invertebrates at the "ne

stations was as follows: Bikini Target Area, dredging, 1080; Bikini target ines.

104; Eniwetok shores - Eberiru (near Aomon-Biijiri), 1500; Runit, 750; Enger:

490; Eniwetok dredging - off Eberiru, 140; off Bogon, 110. Less active staticns,,”
at both atolls ranged down to 0.6. Considering all stations the most active spay a

included asteroid starfish, 5,100; hydroids, 2,100; oysters, 820; and sponges, 4%

Plankton-feeding invertebrates averaged significantly more activity than nom—2

    
ton~-feeders.
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TABLE 7

 

     
Comparison between 1948 and 1949 of radioactivity
expressed as d/m/g wet tissue of invertebrates.

Station 1948 1949

Target Area 530 1, 080
Target buoys 104
Bikini-Amen 59
Rokar 53
Rokar-dredge 68
Bikini 48 3
Bikini-dredge 30
Amen 46 7
Arji 37
Uku 37
Boro 33 1
Namu 24 2
Enyu 22 1
Erik ll 6

Engebi 6,600 490
Eberiru 1,500
Biijiri 3,100
Bogon 1,100
Rigili 770 2
Runit 460 750
I gurin 440 1
Japtan 22 1  
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Section xy

FISH
by

Arthur D, Welander

METHODS

The collections of fish, as in former years (see UWFL* Reports 7, 16,

and 19) were made in shallow water on reefs inside the atoll during low tide periods, ~

These shallow water collections were supplemented by deep water collections using

traps and hook andline fishing, and by night fishing with a small dip net.

Shallow water collections, using the rotenone from derris root, were

made on the lagoon side of Bikini, Enyu, Amen, Erik, Boro, and Namu Islands

of Bikini Atoll; on the lagoon side of Igurin, Rigili, Japtan, Engebi, Runit and

Eberiru Islands of Eniwetok Atoll; and the lagoon side of Likiep Island at Likiep

Atdll,

Trap fishing was carried on with some success in the Target Area in 180

feet of water and less successfully in 20 to 30 feet of water near the reef between

Bikini and Amen Islands, near Bokon Island, Bikini Atoll, and in some areas of

Eniwetok Atoll, Trolling by means of feather or bone jigs produced a number of

tuna, mackerel and barracuda from Ruji Pass, Bikini Atoll; and night fishing using

a light produced a numberof planktonic forms and planktonic feeders such as

herring, silversides and halfbeaks. Table 1 and Figure 1* give a summaryof the

collecting data. The habitats fished and, to some extent, the methods used are

similar to those used by the natives of the Marshall Islands.

GROUPS SAMPLED

The fish selected from the collections for determination of contained

activity were in one of the following groups:

*applied Fisheries Laboratory, University of Washington,

- UNIVEnary ann
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‘damsel jack lizard fish

parrot tuna blennies

surgeon mackerel goatfish

grouper wrasse siganids

‘squirrel snapper halfbeaks

mullet herring butterfly fish

’ shark silversides filefish

barracuda eel flatfish

resented at each sampling station. The fishes comprise those commonly

able in the Marshall Islands and are, for the most part, used by the natives

ood according to the information obtained at Likiep.

MBER OF SAMPLES AND KIND OF SAMPLE
 

A total of 727 samples were prepared from tissues taken from 369 fish,

ection of tissue samples were also standardized with five tissues (liver,

scera, bone, muscle, and skin) usually taken. The spleen and gonads were

mpled when these organs were foundto beof sufficient size to make an ashed

mple, i.e., about one gram or larger.

- The total activity per gram of an individual fish was calculated as the sum

‘the activity of all its tissues. This value was obtained in the following manner:

Ls sues = d/m/g of fish. The body ratios, (see Table 1A) were obtained by weigh-

hg the tissues of fish from eight selected types. Fish other than those listed were

laced under one of the types as follows: halfbeak, blenny, column 1; goatfish,

 

UNIVERSITY Ancir :. Hy ES
UNIV. OF Wasi. 102i



TABLE |

Average d/m/g in wet tissue of fish for each of the sampling stations.
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Habitat and Date Date No. of No. of d/m
Island Area appr. depth Collected Counted Fish Samples ole Fis lvers

Enyu 2895U Inside reef 5' 7/28 1/18 20 46 0.9 2.2
Bikini 2407V Inside reef 5' 17/25 L/\7-18 12 42 1.4 6.4
Boro 8799C Inside reef 5‘ 8/2 1/20-2/14 22 34 1,4 1.8
Erik 0290N Inside reef 5' 8/1 1/19-20 16 37 2.4 12.3
Namu 9514H Inside reef 5' 8/3 2/14-15 23 37 5.2 22.6
Amen 1213R Inside reef 5' 17/29 1/18-19 ll 35 6.1 20.8
Ruji Pass Deep channel 8/2 1/19 pa 13 20.7 264.3
Bokon Inside reef 30' 8/1 2/16 6 26 37.8 131.5
Target Area Inside reef 180! 7/29 1/5-2/16 44 22 345.0 591.9

Eniwetok

Igurin Inside reef 5‘ 8/9 1/6-1/12 14 48 0.6 0.0
Rigili Inside reef 5' 8/10 1/16-17 31 49 1.0 0.0
Japtan Inside reef 5' 8/8 1/6-2/20 14 60 2.0 2.5
Engebi Outside" 5' 8/11 2/16-17 64 56 125.1 135.3
Runit Inside 5! 8/15 2/18-20 17 47 144, 2 156.8
Eberiru Inside 5° 8/13 2/17-18 25 40 703.2 1408.6

Likiep

Likiep Inside reef 5' 8/22 12/10/49 to 39 135 1.2 0.1
1/4/50
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ANALYSIS BY AREA

The data were analyzed with the purposeof estimating radioactivity by

areas, by species, by tissue, and by feeding habits. Analysis by area was baseq

on the average activity of all fish sampled from one collecting area. Table 1

summarizes these data by comparing d/m/g of wet tissue of fish and of fish liver

with each collecting area and also gives collection date, counting date, and habitat

or depth of water from which collected. The average d/m/g per fish was higher

at Eniwetok Atoll (142) than at Bikini (33) or Likiep Atolls (1.2). A similar relation.

ship is seen in the activity of the livers (see Figure1).

The most active areas of Bikini Atoll, listed in descending order, were

the Target Area, off Bokon Island, Ruji Pass, Amen, and Namu Islands. The

d/m/g in liver tissue show a similar picture, but with Ruji second to the Target

Area, The activity of the three most active areas - Runi Pass, off Bokon Island,

and the Target Area - were based upon counts of samples from larger than average

fish caught in fairly deep water (30 feet or more); whereas the fish from other

areas were taken from the shallow waters of the reef. There is no way we can

separate these factors of size and depth of water inasmuch as the larger fish are

taken in deeper waters. In the case of Ruji Pass the results are surprising be-

causethisis the first indication of activity spreading in any considerable magnitude

(compared with the neighboring shallow waters) in this area. The pattern, as

revealed by the activity in the fish generally, indicates fairly extensive contamina-

tion especially to the northwest and east of the Target Area and apparently to the

southwest through the deep water channels emptying the atoll water. Our data are,

of course, fallible in that we do not have enough large fish from the deep waters

of otherparts oftiie atoll although several unsuccessful attempts were made to ~

obtain these by fish traps. Also, considering the variations in activity that occur

in fish from the same area, possibly we do not have representative samples from

each area,

The correlation between radioactivity and deep water and /or larger fish

was seen in the 1947 resurvey (UWFL-7, Figure 11) in which collections of large

fish from deep water around coral heads averagedhigher than those from shallow

waters of smaller fish. This pattern was not evident in the 1948 resurvey

~ UNIVE .
UNty, ontm

 

  



   Ratio of tissue weight to total body weightfor eight selected

types of Bikini fish.

!

 

 

 

 

  

1, 2. 3. 4. 5. 6. 7. 8.
Fish Eel Brown spotted Convict Parrot Siganid Squirrel 2-line Shark

grouper surgeon fish mackerel  (est.)

Tissue

Skin . 108 . 064 065 110 026 173 034 .100

Muscle . 686 . 662 . 967 . 591 . 616 . 450 . 788 . 900
4

Bone . 099 . 224 .175 . 220 .170 . 288 18 .150 ©

Liver 013 008 014 014 010 008 005 .100
Viscera . 084 . 020 . 157 . 050 . 163 . 064 . 030 . 100

‘ Gills . 009 . 021 . 022 . 015 . 013 . 017 .9025 .050

Total .999 . 999 1.000 1.000 . 998 1.000 1,000 1,000
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(UWFL-16) because of insufficient collections from deep water of large fish,

The distribution of fish with activity at Eniwetok was striking. The fish

collected from islands closest to the targets, i.e., Engebi, Runit and Eberiry,

had high counts, but those collected from the three other islands sampled (gurin,

Rigili and Japtan) had little or no activity. Eberiru fish had the greatest amount

of activity with Runit and Engebi showing similar amounts in both liver and whole

fish. The comparatively inactive areas of Igurin, Rigili and Japtan were similay

to Likiep and some islands of Bikini Atoll in activity in whole fish, but were not

always comparablein liver activity.

ANALYSIS BY SPECIES

Table 2 and Figure 2 summarize the data according to the families of

fishes and active and inactive areas of Bikini, Eniwetok and Likiep Atolls. The

average d/m/g for all of these areas indicates that the parrot fishes (Scarideae)

have absorbed the greatest amount of activity per fish sampled followed by the

damsel fish (Pomacentridae), surgeon fish (Acanthuridae), wrasse (Labridae) and

herring (Clupeidae),

The pattern of activity in the Eniwetok active areas, where we have a

fairly good representation, indicates that the damsel fish absorbed the greatest

amountof activity with parrot fish, surgeon fish, wrasse, squirrel (Holocentridae)

and herring following in decreasing order of magnitude. The pattern of activity

in the so-called inactive areas of Bikini, Eniwetok, and Likiep Atolls is variable

for the most part, with the snappers (Lutianidae) having the greatest amountof

radioactive materials. The picture in these areas of low activity is confused by

the possibilityofnatural radioactivity as well.as radioactivity that may be traceable —

to the atom bombs.

 
Comparing the data with that obtained in 1948 (UWFL-16, p. 19, Figure 3)

we find somedifferences and somesimilarities. Generally speaking, the damsel,

parrot, surgeon, wrasse, and snappers have comparatively high activities in both

years, and the eel, shark, grouper, squirrel, and mullet are comparatively low.

Discrepancies are to be found in the halfbeaks, goatfish, blennies, and lizard

d
fishes. These differences are due to sampling, i.e., lack of blennies, eels, a”
lizard fishes from active areas, and to lack of sufficient numbers for reliable

~ ancl
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Family

Pomacentridae

Scaridae

Acanthuridae

Serranidae

Holocentridae

Labridae

Mullidae

Lutianidae

Muraenidae

Blennidae

Clupeidae

Chaetodontidae

Carcharhinidae

Hemirhamphidae

Carangidae

Synodontidae

Atherinidae

Mugilidae

Mongcanthidae

Averages for Areas

Disintegrations per minute per gram of wet tissue of fish aver-

TABLE 2

aged by families for the different inactive and active areas.

 

Active No, Inactive No, Active No. Inactive No. No. Average No.
Common Name Bikini Spec. Bikini Spec. Eniwetok Spec, Eniwetok Spec. Likiep Spec. for all Spec.

Damsel Fish, - 1.3 12 368.8 15 10 8 0.8 6 103. 2 33

Parrot - - 0.9 6 261.6 6 1.0 5 - - 215. 8 17

Surgeon - - 2.0 6 213.8 4 0.7 3 8.0 2 48.3 20

Grouper 6,9 2 1.5 12 9.3 8 1.4 10 10 5 3.0 37

Squirrel 2.7 z 1.0 3 43.8 5 1.3 5 14 6 8.0 20

Wrasse - - Lo 23 51.8 7 0 9 3.1 8 24.0 47

Goatfish 6.6 1 2.2 4 4.5 7 0.3 3 1.9 1 3.3 16

Snappers 13.1 2 5.2 1 - - 3.7 1 - - 8.7 4

Eels - - 0.9 4 - - 0.1 2 3,4 2 1.4 8

Biennies - - 0.1 8 - - 0 2 - - 0 10

Herring - - - - 24.0 7 0 2 0 2 21.7 u

Butterfly 13.6 1 - - - - - 7.6 2 9.6 3

Shark | - - 0. 9 1 - - - - - - 0.9 1

Halfheaks - - Q,8 1 7.5 l - - Ll 2 2.7 4

Jacks - - - - - - 0.8 1 - - 0.6 1

Lizard Fish - - 6 1 - - 2.8 4 1.8 1 19 6

Silversides - - - - 5.0 3 - - 1 3.8 4

Mullet - - - - 5.2 1 - - - - 5.2 1

Filefish - - 0 1 oa - - - - - 0 1

9.0 q 12 83 138,¥ 64 0.9 60 2.3. 38 40.4 244
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SIS BY TISSUES OR ORGANS

It was thought that an analysis of the tissues or organs could best be made

rat ining the data of the active areas of Eniwetok and Bikini (see Table 3 and

3), but for comparative purposes the inactive areas have been added (see

and Figure 3). In the case of the active areas the viscera shows the

+ amount of activity, followed by liver, bone, skin, and muscle in order

asing amounts. Not enough samples of spleen or ovaries were taken to

eliable information.

«. There is some evidenceto indicate that natural radioactivity (such as

; absorbed in muscle tissue, and perhaps in other tissues, of fish caught

ep and other comparatively inactive areas (see Table 4 and Figure 3).

activity was revealed in all of the tissues sampled from these areas except

case of liver tissues of fish from the inactive Eniwetok Islands. It is

ected that the liver is a fairly good indicator of “extra-natural" radioactivity,

| which might be worth further investigation.

HALYSIS BY FEEDING HABITS.

The fish were divided into three groups according to feeding habitg:

Herbivorous and omnivorous types of feeders seemed to absorb the greatest

t of radioactivity in active areas. In disintegrations per minute per gram of

In averaging the individual tissues according to feeding habits it was found

ithe herbivores were similar to the average for all tissues (see Figure 4) while

‘arnivores, although somewhat similar, differed in the arrangement with bone

ng the least activity and muscle having about twice as much as skin, Studies

dioactivity in the tissues of planktonic feeders were made on only onefish

use of the small size of the specimens and can not be adequately compared.

i Scientific Resurvey, Technical Report, Armed Forces Special Weapons

Ojects, Vol.-Il, p. 30, 1947.
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Feeding Habit

Carnivores

Average of Carnivores

Omnivorous and Herbivorous

Average of Omnivores
and Herbivores

Planktonic

TABLE 3

Average d/m/g in wet tissue of fish collected near the active areas

of Bikini and Eniwetok Atolls listed according to feeding habits.

 

 

Liver Viscera Bone Muscle Skin Total
Common Name d/m/g No.spec. d/m/g No,spec. d/m/g  No.spec. ad/m[g No.spec, d/m/g No.spec, d/m/g No,spec

Squirrel Fish 107.4 6 252.9 6 0 6 15.9 6 15 6 24.4 6

Wrasse 196, 2 6 1943.2 6 6.9 6 10.8 6 14. 8 6 153, 3 1

Goatfish 177.3 9 25.6 8 2.1 8 4.8 8 3.8 8 6.2 8

Grouper 79.6 22 108. 3 10 1.0 10 5.7 10 L5 10 7.5 10

Snappers 63L 5 45 99.0 2 2.7 2 8.2 2 6.3 2 13,2 2

Barracudas 10. 2 8

Tunas 3.9 2

Mackerels 35.4 2

Remoras 69.0 1

381.7 96 458.2 32 2.3 32 8.5 32 4.8 32 41.5 33

Damsel Fish 584.9 15 2335.5 15 20.7 15 4.2 15 u.8 15 386, 6 15

Parrot Fish 892.4 23 4825.8 5 269.1 5 13.9 5, 29.8 5 572.4 6

Surgeon Fish 218.2 15 1619, 6 4 13.2 4 7.8 4 21.9 4 254, 8 4

Butterfly Fish 0 1 46.5 1 0 I 9.9 1 0 1 68. 6 1

Mullet 0 1 78.9 1 0 1 4.8 1 0 1 5.1 1

592.2 55 2529.5 26 65.7 26 6.7 26 15.9 26 382.5 27

|

Herring 37,4 7

Silversides 5.6 3

Halfbeaks tl. 7 1 21.6 1 5.6 1 4.8 1 10.5 1 7.8 1

41,7 1 21.6 1 5.6 1 4.8 1 10. 5 1 25.8 ll

436.8 152 1363.6 59 30.3 59 1.6 59 9.8 59 168.7 71
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TABLE 4

Average d/m/g of wet tissue of fish collected in the inactive areas

| of Bikini, Eniwetok and Likiep Atolls, 1949,

+

 

 

 

 

Liver Viscera Bone Muscle Skin Total
Feeding Habit Common Name J/m/gNospec. dfm/g No.s ec. OfmJg Naspec. d/m/g Nospec. d/m/g No.spec. d/m/g No.spec.

Carnivores Squirrel Fish 4,2 10 0.4 13 0.0 13 1.6 13 0.2 13 0.8 14

Wrasse 3.0 13 0.0 13 0.0 13 0.4 13 3.2 13 12 40

Goatfish 1.2 6 0.3 8 lI 8 1.5 8 1.5 8 15 8

Groupers 5.0 25 0.0 25 0.0 25 L4 25 1.1 25 0.9 27

Lizard Fish 0.0 a 0.0 2 0.0 2 2.0 2 0.0 2 2.0 6

Eels 14 6 0.3 6 11 6 1.8 6 0.0 6 1.8 8

Snappers 1.0 2 19.0 2- 0.0 2 4.6 2 3.4 2 3.0 2

« Jacks 0.0 1 3.0 1 0.0 1 4.4 1 0.0 1 3.4 1

Sharks 10.0 3 2.7 1 0.0 1 0.8 1 0.0 1 1.6 1

Average of Carnivores 4.0 68 0.8 7 0.2 n La U2 13 7 1.2 107

Omnivorous and Herbivorous Damsel Fish 4.8 25 1.8 27 1.4 27 lt 27 0.2 27 14 37

Parrot Fish 2.4 9 0.0 9 0.0 9 2.0 9 0.0 9 Li u

Blennies 0.0 8 0.0 8 0.2 8 0,2 8 0.0 8 0.1 12

Surgeon Fish L4 "1 0.9 12 0.4 14 1.8 12 0.3 14 2.0 16

Butterfly Fish 0.0 2 39.2 2 0.0 2 18 2 0.0 2 7.5 2

Average of Herbivores and
Omnivores 2.8 58 2.4 58 0.8 60 13 58 0.2 60 Ll 4 7B

ood
Py \ Planktonic Silversides 0.0 1

a5 Halfbeaks 0.4 3
o yj Herring 0.0 4
> wt er"y i Average of Planktonic Feeders ‘

a a Average of All 3.5 126 1.5 129 0.4 131 1.4 ©6129 0.8 131 13 193
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Atoll

Bikini
 

Eniwetok

Likiep

~144-

TABLE 5

Comparison between 1948 and 1949 of radioactivity
expressed as d/m/g wet tissue of fish. *

* No, No.

Station 1948 Spec, 1949 Spec.

Bikini Island 14 29 1 12
Bikini-Amen li 19
Amen Island 21 17 6 li
Uku Island *. 13 10
Namu Island 5 22 5 23
Boro Island 5 10 1 22
Erik Island 9 22 2 16
Ruji Pass 2l li
Arji Island 13 18
Enyu Island 10 10 1 20
Rokar Island 16 12
BokonIsland (trap) 38 6
Anchorage (near Bikini) 10 18
Target Area (trap) 345 44

Average for comparable areas ll 2

Japtan Island 7 24 2 14
Eniwetok Island i 5
Igurin Island 15 15 1 14
Rigili Island 13 28 1 31
Bogon Island 77 22
Engebi Island 22 2 125 64
Kirinian Island 79 l
Eberiru Island 703 25
Biijiri Island 123 24
Runit Island 255 23 144 17

Average for comparableareas72 ~~ 37

Likiep Island l 39

* The 1948 data was converted from m c/kg using the formula
lm c/kg = 2,2 d/m/g.  
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In the inactive areas the activity in the tissues did not differ in the herbi-

and carnivores to any great extent. Plankton-feeding fish showedlittle or no

L
e
e
p
e
r
mp
ee
nn

an
en
ne
n

Mduction in the amount of radioactivity. In averaging the data for the comparable t

 

During the summerof 1949, 369 fish were collected at Bikini, Eniwetok,

ikiep Atolls in the Marshall Islands and their tissues analyzed for radioactive

fopes. The resulting data appeared to warrant the following conclusions:

1, The amount of radioactive isotopes absorbed by fish near the bomb
es at Eniwetok Atoll is about 120 times that of Likiep Atoll and inactive areas of

shiwetok and Bikini Atolls. The amount of radioactive isotopes absorbed in the
wwikini Atoll active areas is about 27 times that of Likiep.

+ 2, At Eniwetok the greatest amountof activity is concentrated in fish near
neve Shot islands of Engebi-Aomon-Biijiri, and Runit. At Bikini the greatest amount

activity is found in samples fromdeep water,~froimtarge fish, and from the aee

‘ 3. The greatest amount of activity is absorbed by herbivorous and omnivor-
fishes such as damsel fish (Pomacentridae), parrot fish (scaridae), and the
These fish have about 10 times as much absorbed radioactive isotopes as
carnivorous species as groupers (Serranidae), squirrel fisn (Holocentridae),

C. Plankton-feeders, herring (Clupeidae) and silversides (Atherinidae) were
Milar to carnivores in amounts absorbed.

4, Collection from control areas and from bombsite areas indicate that
tural-occurring radioactive isotopes in fish livers are relatively scarce (as com-
ed to other fish tissues) while radioactive isotopes resulting from fission are
tively great.
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A DESCRIPTION OF TUMORS ON IPOMOEA TUBA FROM

THE A-BOMB TEST SITES ON ENIWETOK ATOLL
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(Appendix to Radiobiological Survey of Bikini,

Eniwetok, and Likiep Atolls--~July-August 1949)
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PTION OF TUMORS ON IPOMOEA TUBA FROM THE A-BOMB TEST SITES ON ENIWETOK ATOLL

Appendix to Radicbiological Survey of Bikini,

Eniwetok, and Likiep Atolls-~July-August 1949

By Susann F. Biddulph and Orlin Biddulph

Tumors on plants of Ipomoea tuba were found on Engebi Island during the

  
    

 

  
   

    

   
  

   

  

pobiological survey of July and August, 1949. At this time (17 months from

est shot on Engebi Island) many of the Ipomoea tuba plants located in an

400 to 600 yards from the bomb crater showed tumorous growths of various

“The tumorous plants were found in disjunct areas of grass which had

een fully covered by the dense growth of Ipomoea which surrounded them

re 1).
This species of Ipomoea is a vine with large heart-shaped leaves and a

which grows prostrate on the ground to a length of some ten meters (Figure 2).

The tumorous deformations on the plant varied from small warty out-growths

chonodes on the basal portions of the stem (Figure 3) to huge, convoluted

rous masses completely covering a stem which had been reduced to only a few

dimeters in height. The ability of the plants to recover from the deforma~

L was indicated by the fact that the tumors were confined to the basal nodes

the first case mentioned above, and that even in the most severe cases

leaves were occasionally produced from tumorous masses (Figure 4).

Morphological and physiological abnormalities were found in other plants

on some of the other islands surveyede These were noted in the original

port by both Biddulph and St. John (30) and included twisted stems and

» reduced leaves, abnormal fruits, double flowers, color changes, etoe

ar as observed, Ipomoea tuba was the only plant to show tumorous growths.

Time and facilities did not permit a study of the tumors during the sure
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described in this study with some of those already known.

Plant galls or tumors may be caused by fumgi, bacteria, viruses, nematodes, .

insects, chemical substances and genetic factors. They are as varied and NURSroug

as the number of inciting agents would indicate.

The most intensely studied plant gall is known as Crown-Gall, whiosh is    incited by Agrobacterium tumefaciens. It has been observed on plants belonging
 

to widely separated botanical families and it has been described on almost all not

organs of susceptible plents (10). The family Convolvulacene; of xhich the genus — :

Ipomoea, is a member is not found on this list, however. Crown gall bacteria are=~

widely distributed and are apparently native in many soils where they lead an

independent life or persist in old galls (16). It is wmoertain whether the bace

teria are intercellular or intracellular, but the bacteria must be introduced

through a wound; and the size of the wound determines to some extent the size of .

 

the gall (9). Apparently the bacteria produce something which transforms normal

oN

tissue into tumor tissue. After this, the galls can continue to grow without

S
e
n
d

the inciting principle, but the nature of the inciting principle and its mode

Pa
o
F
:
S
R
S

of action are unknown. Crown-gall is not a systemic disease, however, and the

relative size of the tumor apparently depends on the amount of transforming prine-

ciple available at the time of the cellular alteration. There is a considerable

 

histological variation in reaction to the crown-gall organism reported in the
7

es&

literature. In general, the tissues are more distorted than normal, and giant

case of a great many insects there is no mechanical injury, but in all cases See

cells with many nuclei may be present (9). It has been reported by Braun (4) :

that cells which have undergone the transformationinduced by the orowne-gall .

organism can change back into normal cells and give rise to organs. :

The host ranges of other gall-inducing bacteria are quite limited and are _ 4

not applicable to this study (27). i

Inseots are probably the most common cause of galls in plants. In the x

x
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is a stimulatory effect on cells in a meristematic or plastic condition

a result, there is cell enlargement or cell division or both, and the

pd parts fail to differentiate into the characteristic tissues of the normal

rgan on which the gall is formede The view is generally held that chemical
 

tions of the larvae are primarily responsible for the proliferations (6)

Rahn (26) mekes a novel suggestion that radiation from the larvae may

sone effect. There is a close analogy between the insect gall and the develop-

P adventiticua buds (7). On red currants, one of the mites produces a some-

ollen bud, or a dense growth of buds which do not develop normally (1).

galls are not systemic, although evidence of systemic disturbance due to a

plicity of insect bites has been presented in one case (25). Even in this

Ce» the effect did not extend for more than one or two internodes.

an number of workers have reported tumors on plants following the applica-

of indoleacetic acid (5, 8 31). When the histology of such tumors was

ed by Kraus, Brown and Hamer (21) it was found that the cells of the endo-

8 were especially responsive. Root histogens developed and later gave rise

entitious roots. Over the vascular bundles long proliferating strands of

ler tissues developed from endodermal derivatives. These frequently en-

a sufficiently to rupture the tissues exterior to them. Cambium, ray paren-

» and xylem proliferated greatly. The responses reported for other plants

een much the same. Some investigators claim that the galls produoed by

leacetic acid and other organic acids are similar to those brought about by :

infection with the crown-gall organism (5, 22, 23)+ In all cases of tumors

ergrowths produced by growth substances, there is a marked proliferation

$3

‘issues which have already differentiated. The reports of adventitious shoots

abbage (12), in Nicotiana hybrids (14), and in Geranium (30) indicate that

t normal recovery from growth substances is possible. The histological

—#UNIVERSITY ARCHIVES
UNIV. OF WASH. LIBRARIES
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responses induced by 2, 4-2 exe 2. £,. 5-T are very similar to those of a

growth substances, except taes “ca#T are more marked in degree. In tom

there is stimulated cell prositee=-= and lateral root production, whine2

other cases, there is greater cami-a- activity and the formation of this

xylem cells (29).

Viruses in plants uscally to not affect the meristematic regions.
as

continued normal functioning of te meristem of the growing points end¢

regions of most virus-affected piamts indicates that if viruses are pres‘

the meristem they rarely eause azcveciable direct injury to this typeof

(2)¢ dn exception to this statenaxt is the virus-produced tumor reported |

Kelly and Black (20). This tumor arose chiefly in the pericyclic regionvf

and stems and consisted of groups of distorted tracheids surrounded bys

tic cells and parenchyze interspersed with phloem.

Description of Tumors om Ipomoea ‘uba-

The tunors varieé from smal: wart-like tubercles’‘at'the nodes tohares

contorted masses 5-6 ecextiasters in eireuference (Figures 5, and Sb). Tee

were yellowish-greex. is eolor, but the leaves produced on the newer cree

were normal in colore

the tumorous masses themselves, indicating at least partial recoverye

Histology. = :

Whole tumors were brought to the laboratory in FAA. Pieces of theta

tissue weree dehydrated and cleared in an alcoholechloroform series end

in "Tissuemat." They were sectioned serially at l5u and stained by comantll

Quadruple stein schedrie. Sections of the stem of normal plants grown tree

seed in the greenhouse were fixed in FAA and either stained and sectioned

above or sectioned at Zia on a freezing microtome and stained with satrania

fast greene

/ UNIVERSITY ARCHES
UNIV. OF WASH. Libé
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‘eross-section of the normal mature stem of Ipomoea tuba just below the

a
e
a
e
b
a
y
a
r
p
F
R
R

D
e
m
y
-

rue leaf shows a phellogen producing a thin-walled phellem several cells

w
e}. on the periphery. Progressing toward the center of the stem from this

ted the collenchyma, four or ‘tive cells in depth; considerable assimi-

parenchyma containing lactiferous ducts and secretory cells; a uniseri-

ay which may be an endodermis, but cannot be strictly identified as such

acks Casparian strips and is not a starch sheaths a pericycle; external

Broups; the cambium, several cells in thickness; a ring of secondary

xe
RE
ge
& iF

E
yd

ljreversed by pith rays; radial rows of primary xylem; and a central pith

Sning lactiferous ducts and strands of internal phloem (Figure 6). Both

‘and external phloem contain well developed sieve tubes and companion

‘he cortex and central parenchyma contain abundant starch and there are —

gluster crystals. Bands of fibers occur in the xylem of the older stem.

rportions of the stem are much the seme as to tissues and organization,

that there are no xylem fibers and no phellogen, the stem being covered

uniseriate epidermis.

h longitudinal section of the normal primordium shows a uniseriate tunica

; the central, homogeneous corpus. Just back of the corpus region is

of cell elongation and pronounced procambial development. Phloem is dif-

It to distinguish in the longitudinal section, but xylem elements are easily  ized one to two mmo back of the apex. The origins of lectiferous ducts in

P
A

«the central and cortical regions may be distinguished at about the same

M
s
a
d
s

L and many of the parenchyma cells contain large cluster crystals (Figure 7).
e
r
r

h
e
y
A
p

The tumors consist largely of parenchymatous tissue with relatively small

t would seem, inadequate amounts of xylem and phloem. The parenchyma cells

ebout the same size as those ocourring in the central pith of the normal

Ie. The xylem and phloem cells, on the other hand, are extremely small and

re is apparently no cambial activity. The phloem varies from almost com

_@UNIVERSITY 4neiregy
'UNTY, OF WAih bloat2 
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pletely undifferentiated but elongated cells, which must serve as conducting

tissue, to phloem with an apparent organization (in cross section) into sieve

tubes and companion cells. However, no sieve plates were observed. The xylem —-
   

        
   

      
  
    

     

  

    

elements are very much shortened with reticulate or spiral thickenings. The

conducting tissues are rather regularly arranged in a cylinder around a centra)

pith in each individual swelling of the multiple tumor. An internal phloem

differentiates. The available material was not well fixed for cytological pur~

poses, but the nuclei appeared normal. The parenchyua contains cluster orystals

especially near the lactiferous ducts and starch grains are particularly abun~

dant in the outermost layers of parenchyma. The lactiferous ducts are not well

developed as in the normal stem and there appear to be no functioning seoretory

cells.

Aside from the proportionately small amount of conductive tissue, the

tumors appear histologically surprisingly normal. There are no giant cells, the _

tissues maintain a regular arrangement, and there is no excessive proliferation

of eny one tissue. There is simply a general “ground mass" of parenchyma with

relatively little xylem and phloem.

The striking histological feature of the tumors is the large number of :

growing points or primordia most of which fail to continue development. These

primordia show a wide range from normality. In normal primordia, apical growth

is retarded early and ensuing development and growth is due to intercalary

activity in addition to some mlocalized cell division (15). In the tumor pri-

rordia, this intercalary growth seems to faile The procambial strands differ-

entiate into some semblance of a conductive tissue, but no new tissue seems to

develops The meristematic cells enlarge and become parenchymatous (Figures 8a

and 8). <A phellogen must differentiate in some cases near the surface, but :

very often the tissue it produces is sloughed off. The surfaces of the pri-

mordia often appear to be suberized and some peripheral tissue sloughs off

rot UNIVERSITY ancyyy
- OF WAsH nlvEs <# UNIVERS?ry ,LIBRARIES UNIV. OF Wisi oy
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pare 9b)«

It would seem that the tumors are formed because the processes of cell

ation and intercalary growth which would normally cause a stem to increase

th are somehow stopped. It is interesting to note in this connection

e growing points in the tumor tissue develop in a phyllotactio sequence

re 10)

A recent paper on radiation injury in barley from absorbed PS2 is of

Efoular interest here (24). It was found that when a meristematic region

as that of the root or stem tip was subjected to a constant, relatively

KHlevel of radiation from absorbed P32, cell division ceased and the cells

arged and took on an abnormally mature appearance.

_ Smith and Kersten (28) working with seedlings of Vicia faba grown from

radiated dry seeds found that there was little elongation in the root and

iat meristematic tissue such as cambium and pericycle actually degenerated.

In their study of ionizing radiations on the broad bean root, Gray and

oles (13) found that after high dosages of x-irradiation (three-quarters

 

meen lethal dose of x-rays) there was a slowing down of both mitosis and

interkinesis in the meristematic region so that the rate of elongation was only

out one-fourth normale However, in the proximal half of the meristematic

‘égion cells continued to differentiate at roughly the normal rate but fresh

lls were not formed in the distal half to maintain the constant total number

of meristematic cells. The effect was "in the main one of mitotio inhibition. -

jombined with continued differentiation."

his development of the laterals would indicate that the terminal meristem

ed been injured. In another article (19), she also states that a constant
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effect of x-rays on seeds and seedlings of Helianthus annuus is the prod,

of fasciation in stems, leaves and flowers.

At Brookhaven National Laboratory it is reported (3) that planta =

to chronic irradiation in the “gamma field" are often severely stunted a:

Others show growth abnormalities such as the supernumerary buds in Trade

While it ia well known that plants vary in their response to red

we have found no previous record of radiation induced tumors such as tim: .

described in this papers However, as has been pointed out, a similar pk

has been reported, 1o@e, @ retarding of meristematic growth with contiz

ferentiation; in the present oase the phenomenon was carried to such a &

that large tumors resulted. The tumorous plants were limited on the tess

to areas adjacent to the crater site where radioactivity was comparative

A careful examination of stands of this species on several islands in es

four atolls revealed no other cases of tumorous Ipomoea plants.

At the time the plants were collected a radiation survey of the =

site was made by Seymour and Kellogg (30). At this time the survey mezet :

corded 50,000 to 100,000 c/min. at the surface of the soil within the sr*

question. A conservative estimation of the dosage received by the plas

then be somewhere between 0.1 and 10 rep/week* during August of 1949,

months afterthe actual bomb tests. Records of earlier levels of radica#

and of the time when the plants first reestablished themselves are not

The tumors themselves were examined both by means of autoradiogs#®

by direct tissue count for radioactivity within them, but nothing more “e

traces of activity wore present in the tissue masse This is to be expo”

the plant is a deep rooted one absorbing very little in the cntaminatoe™

*

 

* Assuming Eav to be 1 meve

   ~ UNIVERSITY ARCryre
UNIV, OF WAsty, Lil. APITE 
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ere From the work of Jacotsen and Overstreet (17), it is known that fission

roducts are absorbed onto roots but are not translocated in significant quenti-

@ies to other parts of the plant. Therefore the external radiation which was

weived was predominatly beta radiation from the contaminated surface layer of

p soil.

After careful consideration of all possible causal agents it seems highly

Brobable that radiation is the cause of the tumorous growths on Ipomoea. How-
Be

er, it must be pointed out that we have not attempted to experimentally induce

ich tumors and that no radiation induced plant tumors have been previously

ees

ported in the literature to our knowledge. We feel justified, however, in con-:

be

uding that the tumorous tissue herein described most nearly resembles radiation

maged tissue.
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Fig. 5a—Tumorous growths; about twice natural size.
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Fig. 5b— (1) End of stem showing tumors and

regeneration of leaves at the tip. (x

 
: “~ (2) Tumorous massshowing dead pri- wail

mordia in the center and numerous

living growing tips on either side.
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Fig. 6—Photomicrograph of segment of a cross section of the

normal stem of [Ipomoea tuba. (x 175). A, lacteriferous

duct; B, secretory cell; parenchyma; D, external

phloem; E, cambium; F, xylem; and G, internal phloem.

 

Fig. 7—-Photomicrograph of normal growing tip. (x 145). A,

young leaf; B, tunica; and C, corpus.
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Fig. 8—- Photomicrographs of abnormal primordia from tumors.

(x 145). Primordia such as the two pictured here were

among the more ‘‘normal’’ type found in the tumors, A,

suberized surface celis; B, ‘‘young leaf’’; C, parenchyma;

and D, conducting tissue.
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