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38 Froving Ground

and Pensacola, and destroyers such as the FHughes were hit hard.
Other ships, including the Nevada, the target vessel, escaped with
only moderate damage. Surviving ships showing signs of irradia-
tion were washed down in the course of fire-fighting and salvage
operations, which began as soon as radiological patrols had scouted
the target area. By 2:30 p. on July 2 Admiral Blandy had
declared the lagoon safe for re-entry by all ships, and by the eve-
ning of Able Day eighteen of the target ships had been reboarded
by special teams assigned to recover scientific instruments and to
bring off test animals that had been placed throughout the target
ficet.

The second device was exploded in Test Baker at 8:35 A,
July 25 (Bikini time). The intervening days had been devoted to
assessment of damage sustained by target vessels, to salvaging and
re-equipping ships not too badly damaged for use with the under-
water test, and to making preliminary examinations of test animals.
Test Able had been observed by 114 representatives of press, radio,
news picture services, and magazines. Before Test Baker, thirty-
nine of these, and eight members of the Congressional delegation,
returned to the United States. The preparations for Test Baker
included rearrangement of the target ships about the small landing

| craft, the LSM 60, beneath which, at a depth of ninety feet—
appmmmal.el',r half the distance to the lagoon bottom—the atomic
' | device would be suspended.’* Elaborate arrangements were made
tor measuring water pressure and wave height. A final rehearsal
was held on July 19. Although a weather front threatened on July
24 to disrupt the projected detonation schedule, the chance seemed
good that the front would move away and Admiral Blandy decided
early on the morning of that day to order the test program to pro-
ceed. Most of the support ships evacuated the lagoon on the eve:
ning before Baker Day, standing off Bikini at a distance of a dozen
or so miles. The last vessels moved out through Enyu Passage
shortly after 6 A.m. on July 25. In the center of the target array
was the LSM 60 bearing a tall antenna designed to receive the line
of-sight electronic signal that would detonate the device beneath
her hull.
Test Baker was the first occasion in which an atomic device was
exploded in such a way that fission products were mixed with
water and thus returned in great measure to the area of detonation
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The air burst of July 1, despite the damage it had inflicted, scarcely
had prepared abservers for the wrath of sound, light, and volcanic
shock that erupted within the lagoon. At the moment of explosion
a giant bubble, brilliantly lighted within by incandescent mater
ials, burst from the surface of the water to be followed by an
“opague cloud” which quickly covered about half of the ships of
the target fleet. Within seconds the cloud had vanished and a
hollow column 2,200 feet in diameter and containing some, 10
million tons of water rose from the surface of the lagoon to a height
of more than a mile. The 26,000-ton battleship Arkansas, hroad-
sidle to the LSM 60 but more than 500 feet away, was lifted and up-
ended in the column before she was plunged to the hottom. At the
base of the column was a tumult of foam several hundred feet high,
and the descent of the water back into the lagoon set up a base
surge from which rolled waves eighty to one-hundred feet high.
The waves subsided rapidly as they proceeded outward, and the
highest wave recorded at Bikini Island, three miles away, was seven
feet, no sufficiently high to pass over the island or to cause dam-
age there. The victims of the explosion, beyond the Avkansas,
included the carrier Savatoga, which sank after seven and one-half
hours: a landing ship, a landing craft, and an oiler: submerged
submarines, including the Apogon; and the already-damaged
battleship Nagato, which went down five days later. The destroyer
Hughes and the transport Fallon, seripusly crippled and listing,
were beached. '
Radioactivity in the waters of the lagoon was intense. The
volume immediately afer the hurst was estimated in the round, by
the Evaluation Board, to be the equivalent of “many hundred
wons of radium.” The target ships were drenched by radioactive
substances as the remendous pillar of water crashed back into
the lagoon. As the weight of the column subsided, the target area
became a maelstrom of radicactive debris, and at the botom of the
lagoon was a shallow basin half a mile wide from which the force
of the explosion had scooped hundreds of thousands of tons of
sludge and coral-algal sediment. The upper levels of the lagoon
waters remained highly radioactive for days and large areas were
impenetrable by the small craft engaged in attempting to outline
the swirling areas of contamination. After four days it still was
not safe for inspection parties to spend any useful time at the
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target area or to board surviving ships floating there, Within the
waters, and particularly in the tons of sludge again settling to the
lagoon floor, were radioactive contaminants whose disposition
would present problems of greater complexity than anyone at that
point in time might have guessed,

Before the Baker test, all discussions of probable effect were
thearetical. Questions relating to underwarer shows apparently hid
been debated at length while the Operation Crossroads plan was in
the process of development, The debate, however, had turned
principally on questions of physical effect and on the creation of
test that would yield new information on force and pressure, One
view seems to have been that a detonation only slightly beneath
the surface of the water would bhe particularly incffective because,
as was stated in a subsequent report, “neither the air pressure wave
nor the water pressure wave would be maximized, and it is possible
that a curtain of spray might be thrown up which would aciually
sreen off a large part of the pressure wave in air and nearly all the
‘thermal radiagtion, gamma radia tion, and neutron radiation.”* [y
an approximete sense, this is what actually happened ar Test
Baker, in which the atomic device was cxploded ata medium depth
in the lagoon, but in the Baker ease a major percentage of the long-
lived fission materials also was mixed with water and suspended
minerals and was captured and retained by the lagoon, The paree-
Crossroads expectition maty have heen substantially correct, for the
WleT eTupting into the stupendous column did screen and dampen
the effect of radioactivity at the instant of the detonation, but the
pessible long-term result either was utterly unforescen or placed in
such conjectural terms that its relevance, even to strategic consid-
erations, was not undersoood,

For a weck after Test Baker the radiological teams patrolled
Bikini lagoon. The work of the biologists, however, snon turned
from monitoring o sampling and analysis, Among the teams on the
Haven were representatives of other laboratories who were begin-
ning to share a curiosity about the disposition of radioactivity in
4 biotic system. Warren, siill interested in the problems that had
produced the program at Hanford, was €ager to see the problems
pursued at Bikini. Accordingly, there was formed informally
within the Radiological Safety Section a “Division of Radin.
biology."
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1155, Haven, headquarters ship of the Radiological Safety Scctlon, in Bikini lagoon, 1946 {Jaix
Task Force Ore)

Members of Radiobiology Division aboard Haven, 1046: from left, Bradner, Welandes, Paui#
White, Donaldson |fednt Task Force Qe

Avtoradiograph of wrasse (75 mm) collected Augnst 8, 196, near Aooon amal  Bikind Tsla
fLebaralory of Radiation Rialarrh
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The Division was setting itself to investigate the presence of
radioactivity in an aquatic biological web of extreme complexity,*
At the base of the ocean food chains are the plankton—phytoplank-
ton and zooplankton, vegetable and animal—and the algne. Most
of the marine plants are in the phylum Thallophyta, composed
of primitive planes having no true root, stem, or leaf, and which
includes the algae and fungi. The simplest forms of e inverte-
brates begin with the Protozoa, single-celled organisms which
include the Dinoflagellata, a borderline group having characteris-
tics of both animals and plants, and the Foraminifera, which are
plankionic in life and whose rudimentary skeletal structures ulti-
mately sink to the bottom of the ocean where their fossil remains
are found in geological straga, There are more than 1,200 species
of Foraminifera, and 18,000 living and extinct species have been
catalogued. In the waters are thousands of Eroups and species of
invertebrate organisms, multicellular animals such as the sponges,
of which there are some 2,500 species; the Arthropoda, including
the copepods, whiclh comprise about 70 per cent of (he zooplank-
ton; the gastropods, which are shelled creatures, using a foot for
creeping; and the cephalopods, which include the octopi, The
vertebrates include the primitive fishes, the sharks, and the rays; the
true fishes, predominantly carnivorous; the reptiles, including the
sea turtles; and the Cetacea, among whose members are the whales
and dolphins,

In the mid-Pacific, as in the vicinity of Bikini, the identifiable
species of fish towl more than GO0 and in the open ocean the
twumber has been estimated 3t more than 1,000, Mast species are
carnivorous, bue some, like the goatfish, the mullet, and the sur
geonfish, are herbivorous, teeding on marine vegetation and plank.
ton, and a few, the parrot fish, the triggerfish, and the puffer, are
amnivores. The fowd chains may be short and relatively simple,
The surgeonfish, for example, is an herbivore feeding on algae,
but he in turn js preyed upon by sharks and grouper, the larger,
far-ranging carnivores, The simple protozog are fed upan by gastro.
pods, which become the prey of small carnivores such as the car-
dinal fish. The carnivorous goathsh feeds only on organisms found
in the shallower areas of the ocean, and this also is the habit of the
wrasse. But the food chains may not only be infinitely more com.

*Names of pertlnent sefenife species are listed in Appendix 11,
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plicated but further confused by the seasonal character of the feed-
ing habits of some of the species. Along each of the strands of this
ecological web are species of plants and animals important to man,
species of plants that live in the ocean-conditioned soils of the
islands and of molluscs, crustacea, and fish—sharks, tuna, barra-
cuda, herring, tarpons, jacks, mackerel, pike, and snappers—that
are elements in the diet of people who live on the Pacific or on the
Nlands about its rim.

In such an environment, Bikini's lagoonal contamination, after
the first days, was comprehensible only in relation to the biological
uptake of fission products. In waters containing such a variety of
biological forms, only ingested radioactivity—activity within the
organs and tissues of living creatures or assimilated by aquatic
plants—could provide clues to the condition of the atoll. Fish or
other creatures killed by blase, heat, or massive doses of external
radicactivity were not to be found in large numbers because they
_had been lost in the waters or consumed by the rapacious life of

_the lagoon. Tt was with the question of biological uptake that the
Division of Radiobiology became concerned. The investigations
were crude and, by later standards, wholly inadequate, It was not
without significance, however, that the group achieved so early a
measure of identity, Nowhere in the tables of organization of
Joint Task Force One was there a specific radiobiological section.
The Division of Radiobiology of the Radiclogical Safety Section
was, in fact, a commissioned-in-the-feld group composed of mem-
bers of the Applied Fisheries stall and others who, under Warren's
direction, organized themselves to pursue biological evidence of
Test Baker radiation phenomena.

Early in August, Welander reported:

On and after Baker Day, (256 July I'BJIE:.‘ the Radicbiplogical Survey
party under the leadership of Dr, L. K. Donaldson has taken biologieal
specimens consisting of fish, clams, sea cucambers, coral, and algae from
various parts of the lagoon and the surrounding area for the purpose
of determining the amounts of radioactive substances in these animals
aind plants. Tissues or paris of the above specimens were analyzed in the
Tabler Counting Laboratery on board the U855, Hoven under the direc
tion of Dr. W, Lapgham and Mr. |. Martens.

In no case were any of the biological spocimens aken within the lagnon
entirely free of radioactive contamination. In gencral, the algae proved
to have the highest activity and in consequence fish an:d other animals
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[eeding on the algae also show high activity, Such analyses included beta
and gamma measurements which presuppose the presence of alphas,
However, the current low beta and Bamma counts do not indicate any
reduction in alpha activity,

Because of the highly pelsonous nasure of the Bssion products, and
the increasing difficulty of detecting alpha emitters in the tissues of these
Emaring animals, it is rc:-nmm_mde_rl that no fich, mollusk, or other marine
animal taken within 100 miles of Bikini lagean be used as food, 1+
Plotting boards were used on the Mouny McKinley, the task

foree flagship, to maintain records of the outlines of radicactivity
developing within the lagoon, The biological dispositions of radio-
activity could not be so outlined, but they had a bearing, never-
theless, on considerations of interest 1o the Navy. Support vessels
returning to the lagoon after the underwater test had reported
almost immediately the presence of radioactive contamination in
Waler systems, in marine growths attached to the ships' hulls, and
even in shipboard areas presuma bly inaccessible to contamination.
The levels of radicactivity in the lagoon were found to be rising
at night and falling in daylight hours, a circumstance later realized
as attributable to the vertical movement of lagoonal plankton in
response to light. Hulls of the vessels showed so much evidence of
contamination that orders were issued two days after Baker for all
personnel to move back from them, 1o sleep and work away from
possibly contaminated bulkheads. Scrubdowns and changes of
clothing had been ordered in the posteest period for persons re-
turning from off-ship duty, yet contamination was found on hand-
rails, in the galleys, and in the shipboard laboratories where
scientists worked with instruments and samples. The necessity
for frequent changes of clothes and boots exli usted Navy supplies,
The monitor boats hecame contaminated as they worked long
hours at surveys conducted among the units of a Bikini fleet tha
included the empty, hatered, untouchable survivors of atomic
explosion. The task force attitude was one of alert interest in every
facet of the problem on which the scientific staffs could possibly
shed any light, yet the biological base of many of the contamina-
tion problems was not yet fully realized.

Between June 14, when the Applied Fisheries group arrived at
the atoll, and June 29, two days before Test Able, members had
collected a total of 1926 fish to be used as controls and in subse-
quent studies of the normal Bikini fish population. From July 2

forer !
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THE COLLECTIONS OF 19252

Sampling Stofions Used by the Applisd Fisharias
loborotory Before ond Aber Test Mike




Eberim, Aomon, Rifjirl, and Rojoa Dslaeds on Enfwetok’s norchesst roef, 15559
(Flolmes & Narver, Ine. |

The “Henry-Keith Complex"—Mui. Pokon, Ribaion, and Girdinien Islands—sonth-
west plm, Endwernk, 1950 (Halimes & Narver, free.)
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day the survey group, accompanied by four members of the task
force staff and a RadSafe radiation monitor, ook a landing craft
to Aaraanbiru Island, five miles north of Runit bue two miles
below the Aomon-Biijiri station. Before the collecting  was
started, Lowman and others made a short tripy to Rojoa Island,
midway between Aoman and Aaraanbiru, 1o set rattraps and to
bring in several short birds for dissection. Radioactivity ar Rojoa

L=

was at 300 milliroentgens per hour and the visit was no longer
than necessary.” o -k

After the collections at Aaraanbiru, only one day remained.
On that day, November 8, the survey team, proceeding north from
Parry in the LCM, would do whatever could be done in the way
of getting specimens at the remaining stations in the northerly
atoll areas and near the Mike site. The first stop was at Rojoa 1o
pick up the ratraps left there the previous day, bue the waps
were, disappointingly, entirely empty. At Engebi the group went
ashore on an island where the sense of desolation was deepened by
the presence of the reinforced concrete building, ruptured and
shaken but still standing, on the island flat that had been swepl
by the blast and by the succeeding surge of water. The hody of a
bird was seen, but no living animals and unly the stumps of vege-
tation. Held ook away a bucket of beach sand for use in later
experiments, and some collections of hurned Vegetation were
made, but on the inland areas the survey meters indicaved vadia-
tion was at 2 to 2.5 roentgens pet hour, and the team soon moved
off the land into the shallow lagoon waters 1o spread rotenone for

_the fish sampling. Among the specimens collected were fish which
seemed to have been burned. On each of these fish the skin was
missing from one side as if, as field notes said at the time, the
animal “had been dropped in a hot pan. "

The work at Engebi finished, the party took the LCM westward
through the turbid waters of the shot islands and past the Mike
crater, which had the appearance of a new deep channel into the
lagoon and the depth of which, after the churning of the sludge
had subsided, had been estimated at fifteen fathoms. When the
LCM, turning southwest, stood off the beach of Bogombogo and
Bogallua, three miles from the Mike site, the effect of the energy
that had been released a week before was startingly evident, On
the survey team's visit to Bogombogo on October 25 the island
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had been heavily laden by stands of coconut palms and thickly
populated by birds, Then it had seemed ideal as a downwind
station for sampling after Test Mike, and the group had expected
to return there in due time, to make posteest collections. But when
members of the team saw Bogombogo again on November 8 the
extent of their miscaleulation was terribly clear. The island had
been stripped of vegetation by the force and heat of the blast.
Palm trees had been burned down to the roots. All animal life,
so far as members of the team could tell, had been snuffed out.
The same was true of Bogallua. The radiobiclogists made a col-
lection of fish in the coral shallows on the lagoon side of Bogallua
and then, loading their gear aboard the LCM, moved back down
the lagoon to the Oakhill, which was scheduled o participate the
following day in test yuns for the King shot evacuation. On Mon-
day, November 10, while members of the group were packing their
equipment and specimens for shipment, Lowman and Welander
returned to Rojoa to pick up the rattraps lefe there several days
earlier. This time the raps held six specimens.

111

At Runit, at Aomon-Biijiri, at Engebi, at Bogombogo-Bogallua,
even at Rigili, it had been apparent that the radiation problem
presented by the Mike shot was of an entirely new order of
magnitude. This was not to say that it was different radiobiologi-
cally. But, as in other years, the radiobiologists had no clues tw
the total potential conamination to be expected or to the kinds
of radicactive materials they might encounter.® Their task, even
in the face of the new condition created by nuclear fusion, was
circumscribed and immediate and consisted only of attempting to
discover, after the hiotic samples had been returned to the Labora-
tory, what kinds of radicactivity and in what amounts had been
placed by the Mike shot at the threshhold of Eniwetok's biological
system. When the counting began, the levels of radivactivity now
would be expressed in thousands—frequently in millions—of disin-
tegrations per minute. And, while the higher counts obviously
resulted from the fact that collections were made so soon after
the theromonuclear blast, it also would become obvious that large
amounts of nuclides were involved and that the process of biologi:

cal absorption already had begun.
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The winds of November 1, blowing from the east-northeast,
had carried the fallout, as had been anticipated, across the west
side of the atoll, and it was there, on the eighteen miles of reef
extending from the test site to Rigili thar the heaviest contamina-
tion probably would be found. This, as it turned out, was true,
although not altogether as precisely as the assumption would sug-
gest, for in addition to the very much greater range of effect of
the hydrogen bomb there seemed to be other factors, unexplain-
able but perhaps related to processes of biological uptake, which
had altered the local distribution picture even in the week after
detonation,

The specimens and samples collected at Eniwetok were frozen
and returned by air to Seattle, the prewest batch by Bonham, who
flew back to the Laboratory before’ Mike was detonated. When
all the samples had been returned, the counting and analysis pro-
ceeded on an around-the-clock schedule—24 hours a day, seven
days.a week—from November 24 to December 12, 1952, Al
members of the staff participated in the process. All of the
specimens and samples collected after Test Mike were handled
in this period, and most of the samples from the pretest collections
were counted (because radioactive materials present before Test
Mike consisted altogether of long-lived isotopes remaining from
the Sandstone and Greenhouse tests) afier December 12 but
before the end of the month, Because the samples had been
gathered in a period of relatively rapid decay of radicactivity,
corrections necessarily had to be made for this factor, and the
date to which corrections were made was set arbitrarily as Decem-
ber 1. a month after the Mike shot and near the midpoint of the
overall counting period for the Mike saoples, “The curve from
which correction factors were determined was the curve of radia-
tion decay for a sample of sand dredged at a depth of thirty feet
froan the lagoon near Rojoa and Aaraanbiru on November 7. In
general terms, the problem was to determine the degree of long-
lived contamination existing in Eniwetok Awll before Test Mike
—the slight but measurable contamination still inhabiting the
biological system as a result of earlier tests—and then w measure,
for the purpose of assessing probable future biological hazard, the
level of contamination present at any manageable point in time, in
this case December 1, a month after the thermonuclear shot.
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At the base of the contamination puzzle was the water of Eniwe-
tok lagoon. The sampling of water which had been started before
Test Mike was resumed on the afternoon of November 3, two
days after the Mike shot and immediately after the Oakhill
returned to her anchorage. The November-December analysis
of water showed that samples taken after Test Mike contained
radioactivity “‘several hundred times” greater than the pretest
samples, the values rising as the distance From the test site
decreased, The counts were not high—the highest 350 disintegra-
tions per minute per milliliter for a sample at Bogombogo—but
the pattern was clearly discernible.® For reasons which were not
known, the level of radiation even in a pretest water sample was
highest off Bogombogo, where the sample depth was forty-five feet.

Radioactivity counted in plankton, algae, and the invertebrates
produced a number of interesting questions.

The plankton hauls were made with conical nets a half meter
in diameter at the mouth and two meters long. These were towed
behind the LCM (usually for a distance of one and one-half miles
in an hour) at a predetermined depth in the selected sampling
areas. Catches of plankton were small whether the net was fine
(173 meshes per inch) or coarse (74 meshes per inch), but the
survey team made examinations of the character of the catches—
which usually were composed of Foraminifera, snails, copepods,
worms, and egri—to discover if the types of organisms in the nes
were determining the variations in counts between hauls and
between stations. Frequently there were differences in the catches,
but regardless of these there seemed to be a specific relationship
between the kinds of organisms present and the amounts of radia-
tion found in the sample. The team made "paired hauls,” in
which nets of fine and course meshes were towed about the same
lagoonal area at the same time. While the composition of the
catches thus tended to be similar, the radioactivity often varied
in amount. In a posttest paired haul at Bogallua the radioactivity
of the sample from the finer net exceeded by seven times—1,160,000
distintegrations per minute per gram compared to 155,000—the

*A rainwater sample was collected 33 hours after Test Mike off Eniwetok Iskand.
The 450-cc sample was evaporated and connted on November 4, 87 hours after the
shot, using a Vicoreen sarvey meter with a 1-inch end window tabe {window thick-
ness LH mgfeme). The maximum count was 10,000 et minute,
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value of the plankton from the coarser net. Until microscopic
examination disclosed no essential differences in the plankton in
the two nets, it was presumed that tiny organisms escaping the
larger mesh were being caught in the smaller. It was concluded,
however, that the finer mesh was capluring inanimate radioactive
particles suspended in the lagoonal waters. All of the pre-Mike
plankton tows had resulted in hauls coneaining low but measurable
amounts of residual radicactivicy seill inhabiting the planktonic
life zone as a result of Operations Sandstone and Greenhouse, but
the post-Mike plankton samples were more radicactive by 200 to
300 times. The postshot samples from the various stations dis-
closed a pattern of distribution that recalled the unexpected trans-
port of radioactivity about Bikini lagoon, for the fine-mesh sample
from Igurin, at the southern i p of the atoll and farthest from the
test site, showed a higher count (140,000 dmg) than those at
Rigili (71,000 dmg), Aaraanbiry (100,000 dmg), and Runit (48,000
dmg), each of which was much nearer the point of detonation.
‘Among the algae there proved 1o be a uniformity of posttest
results that was in itself intriguing. The collection included five
species of blue-green, fourteen species of green, three species of
brown, and seven species of red algae. Before Test Mike, speci-
mens most radioactive were those gathered on or near the islands
on which atomic tests alveady had been held, and the levels of
activity were not altogether inconsequential. One specimen found
in a stagnant pool on Eberiru Island proved to contain activity
counting 54,000 disintegrations per minute per gram (wet weight),
and counts in three others from the Runit tide flats averaged
3L,000** But in the post-Mike sampling the results scemed to
show only that algae samples taken from islands nearer the rest
site, Aomon, Engebi, Bogallua—those lying, that is, within a radjus
of nine miles of the shot island—reflected much higher counts hut
no sighificant differences in contamination by area or by species.
Algae from the more distant and protected areas, such as Japtan
{away from the direction of Eallout) showed only trace amounts
of radicactivity, but the counts of all specimens from Bogallua
averaged 5,200,000 per minute (the highest was 14,000,000} while
at Engebi the average was 4,000,000, and at Aomon 3.600,000, 1
OF the seven species common to the stations, none showed activity
consistently higher than others, The radicactivity of the coralline
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algace—for example, Jania—which contains large amounts of cal-
careous matter, was not different in the degree of contamination
from the succulent forms, such ascCaulerpa, from the same station.
The counts, of course, were gross counts of beta radicactivity, and
it developed, both in radiochemical analyses and in examination
of autoradiographs, that much of the contamination at that early
period following the blast was the result of surface contamination
of the “speck” variety—most of it composed of highly insoluble
fission products such as cerium, ruthenium, zirconium, and the
trivalent rare earths. But, as autoradiographs showed, washing
and scrubbing the specimens failed to reduce materially the radio-
activity present. A proportion of the contamination was from
fission products, not products of the fusion process. The amounts,
even when the counts reached levels of millions, were not obsery-
ably injurious to the vegetable forms (all living algae seemed
on_inspection to be in normal health and color), but the fision
product contamination nevertheless was at a very much higher
level than had been noted at Bikini or following the subsequent
atomic shots at Eniwetok. The average post-Mike contamination
was higher in the algae than in any other group. .

The story of the invertebrates did not differ from that of the
algae in the distribution of contamination by stations, yet there
were vast differences, as it proved, in contamination by species and
by the organs and tissues of the specimens, By station, the specific
activity of individual samples varied from background levels at
Japtan to 15,000,000 disintegrations per minute per gram for the
sand from the gut of a sea cucumber picked up at Engebi. One
piece of coral (genus Aeropora) collected at Bogallua on November
8 was discovered, alter initial examination by amtoradiograph, w
contain specific activity of approximately 100,000,000 counts per
minute per gram. A peculiarity of this piece of coral was that
attached to it were three highly radicactive nodules which seemed
of foreign origin. The nodules did not appear to be part of the
coral but were so well attached that when one of them was removed
for counting it could not be separated from the coral without
being broken. The unashed hollow sphere weighed | milligram
and yiclded 100,000 disintegrations per minute. It was considered
possible that these hodies were cysts produced by the coral iself
to wall off irritating radioactive particles, or that they were rapidly
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growing neoplastic growths which had concentrated a great
amount of radioactivity since the time of the blast.™ .

With such evidence of the ingestion of radivactive materials by
organisms at the lower end of the food chains, the question re-
mained of the uptake of radicactivity by the larger animal and
vegetable forms—by fish, by birds, by rats, by the vegetation on
the islands.

The collections of fish at the seven stations ranged in number
from 26 to more than 300 depending on the success of the poison-
ing and the varieties of species present. Species selected for radio-
analysis were those most common to all stations and representative
of marine feeding habits and, although most of the fish were the
sedentary reef dwellers, a few types which live on the open, sandy
lagoon bottom—goatfish, jacks, and flathsh—also were saved for
ashing and counting. A total of 237 specimens representing 58
species, 33 genera, and 22 families finally were counted for radio-
activity on 768 plates.**

In the gross counts of whole-fish radioactivity by station, the
higher level of activity was discernible at once. A surgeonfish
captured at Engebi before Test Mike had a total count of 30 per
minute per gram of wet weight; the surgeon specimen taken from
the same area after the Mike shot had a count of 110,000, The
preshot blenny [rom Engebi counted 850, the posishot fish of the
same species showed contamination of 340,000 counts per minute
per gram, The average of all post-Mike specimens from Engebi
was 280,000 counts per minute, the highest average of any station.’
An analysis of fish tissues by station disclosed that radicactivity
ingested by the animals—and revealed in muscle, bone, skin, and
liver—was greatest at Bogallua, downwind, west and south, of the
Mike site and in the path of the westward flowing wurbidicy
emanating from the Mike crater where Elujelaly formerly had
stood, Although Bogallua and Engebi are about the same distance
from the shot site, activity in fish tissues at Bogallua was four to
eighteen times that of the tissues of specimens from Engebi.'® The
broad circumstance seemed clear, especially in view of earlier
experience—the fish living in the waters to the west of the atoll
were ingesting, in the first week after Test Mike, radioactive
materials carried westward by the cycling waters, In general, the
omnivores had taken into themselves by far the heaviest doses of
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activity—far more, for example, than the carnivores, which seemed
to indicate that the greater variety of their diet, which included
plant forms already contaminated, multiplied their exposure o
radioactivity present in the environment.

When the collecting and the subsequent analyses moved into the
domain of the land animals—the rats living in burrows amid awoll
vegetation, the terns nesting in the bushes and shrubs, and the
shore hirds feeding on the beaches—the survey team encountered
not only new evidence of the wider impact of the thermonuclear
weapon but also, in one instance, the small shadow of what would
become a larger question,

The survey group had ateempted, not always with success, to
gather samples of rats and birds at each major station. The mid-
Pacific rat {Rattus exulans) is a creature which lives in burrows
beneath clumps of grass or under the heach magnolia bushes.
From the time of the resurvey at Bikini in 1949 Lowman had
experimented with various kinds of traps which could be placed
at the entrances of the burrows or along the paths about the small
and local feeding grounds. Since the rats live only in vegetated
arcas and rarely venture far from their underground homes in
the shallow coral sands, their place in the contamination spectrum,
although uncertain, was presumed to be correlated to that of the
plants of their habitat. As for birds, the varicty is not large, and
the collection of specimens was limited primarily to terns—the
white fairy tern (Gygis alba), the noddy tern (Anous stolidus),
species which usually remain close to the nesting ground, and
others including the sooty term (Sterma fuscata), the crested tern
(Sterna bergii), and the arctic tern (Sterna paradisaea). Occasion-
ally other specimens would be taken, such as the golden plover
{Pluvialis dominica fulva) or the turnstone (Arenaria interpes
morinella), shore birds of migratory habit. The terns live almost
altogether on small fish plucked from the water, the shore birds
on insects and small crustacea Found on the beaches.

The problems of radicanalysis presented by rats and birds were
utterly different—different in the availability of specimens, in the
variations in diet, and in the degree of certainty with which it was
possible to assume some basic relationship between the contamina-
tion of the carth and the animal. Yet assays of the organs and
tissues of the bird and rat specimens established patterns of
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similarity and difference that could be explained only in terms
of feeding habits,

Before Test Mike, rat specimens had been collected on Engebi,
Biijirt, and Rojoa. After the shot, they were found only on
Biijiri, and there, nine miles from the shot site, they were ill
and lethargic and, unnaturally, sitting or walking on the open
sands in broad daylight, so sick that no traps were needed for their
capture. No rats at all were found on Engebi, yet it was there,
much later, that one of the maost interesting problems would arise.
The exposure of Engebi to the effects of the Mike shot made it
seem impossible that vats had survived. The view was expressed
in a subsequent summary by Lowman, who said that there was
“little probability” that rats had lived through the heat, the shock
_wave, the rush of water, and the nuclear radiations that Mike had
inflicted on the island. Members of the tat colonies apparently
did live through the holocaust, however, and the questions pre-
sented by this circumstance would intrigue the investigators for
years.

The radicactivity detected in the organs of birds and rats col-
lected before Test Mike was of a very low order, although it was
of interest that no activity at all was found in the bones. But after
the Mike shot, analysis of the specimens in relation to the slands
from which they were taken and to the presence of radioactivity
in their tissues disclosed, first, a pattern reflecting the general
contamination of the environment—that is, whether the point of
collection was near the test site or downwind from it—and, second,
and more significantly, degrees of internal contamination indicat-
ing the effects of food habits and the ingestion and retention of
activity by the animals. A comparative study of the amounts of
activity ingested by shore birds and rats, both of which subsist on
insects, sceds, and grasses, and of shore birds and terns, whose diets
are dissimilar, showed that fission product contamination was pres-
ent in each of these species—just as it was present in the organisms
of the sea—within days, even hours, after the nuclear detonation.

v

Members of the Laboratory field team had but six days after the
Mike shot to make their biological samplings at seven stations
about an atoll twenty-two miles in length and eightcen miles ACTHSS.
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at its widest part. They were more experienced by 1952, and they
had gained a familiarity with Eniwetok in two previous surveys
there. But in an ocean entity of such dimensions and one shaken
and churned by the world's first thermonuclear explosion, the
allotment of time was exceedingly small and the collection of
specimens, even though it numbered hundreds, scarcely was more
than the merest heginning of a task of observation whose ramifica-
tions were becoming ever more complicated. Even so, the program
of radicassay which began in November of that year, including
the making of hundreds of autoradiographs and of radiocchemical
analyses, was quite as much as the Laboratory's small staff could
handle. The report of the Mike shot results was completed and
forwarded to the scientific director on June 10, 1953.®

The questions surrounding the position of the radiobiological
programs in the Pacific still were not reconciled within the Divi-
sion of Biology and Medicine in 1955. Operation Ivy had demon-
strated the potential dimensions of the need. The Applied Fish-
eries Laboratory, as Pearson had pointed out in 1952, had unique
cxperience at the test atolls. Yet the programs in the Pacific, as
they had evolved, seemed incompletely developed. The Labora-
tory held the view that, even though it existed outside the main-
stream of Pacific testing activity, it had done everything possible
to draw to the attention of the Division the necessity for continu-
ons and deiled studies. On its part, the Division, as would be
revealed shortly, believed that the concepts and the delineation of
program requirements had to flow from the Laboratory, which
had the depth of experience. In the annals of the proving ground,
as in those of the Laboratory, the discussions and decisions of 1952
and 1953 would assume a new significance when the tests of 1954
placed the proving ground, for the first time, into the realm of
international relations.

The appointment of Bugher as head of the Division of Biology
and Medicine had occurred during the final months of preparation
for Operation Ivy. In the process of familiarizing himself with
Division operations, he had attended a Bio-Medical Program
directors” meeting at Hanford and later had observed at Eniwetok,
before and after the Mike test, the radiobiological operations that
were within the realm of his responsibility. There was no reason
or need for Bugher to visit the Laboratory in Seattle, and it was
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suggested two further approaches, the first the establishment of
controlled greenhouse experiments in which plant responses to
altered nutritional conditions could be observed, and the second
the plotting at Rongelap of a number of reserved areas in which
fertilizer experiments could be conducted in the field. Tests for
nitrogen at Rongelap indicated a high nitrogen content in certain
plants even when these were found growing in sand along the
beaches, and this ohservation opened up a study of the nitrogen
cycle in the atoll soils.

The four field ohservations of 1958 and 1959 permitted inten-
sive samplings of radioactivity on and beneath the surface of the
land areas. Samplings by one-inch increments conducted along
island transects at four separate points in time showed that more
than 75 per cent of the gross beta radicactivity was in the top inch
of Rongelap soil. A few samples were taken at one-fourth inch
increments, and in some instances 50 per cent of the radioactivity
was found in the top one-fourth inch. The vertical distribution of
strontium 90 followed the same pattern as that of gross beta activ-
ity.* The horizontal variation in radioactivity was found 1o vary
widely. In extreme cases samples taken within distances of a few
meters, from the same soil types and with the same vegetative
cover, were found to vary by as much as a factor of ten. In 1960,
complete isotopic analyses were made of samples representing each
of six major soil types at the atoll.

The lysimeter leachates, collected from four installations on
Rongelap [sland and two on Kabelle, were analyzed for nitrogen,
phosphorous, potassinm, calcium, and gamma-emitting radioiso-
topes. Radioisotopes detected were ruthenium 106-thodinm 106,
antimony 125, cesium 137, cerium 144-polonium 144, and euro-
pium 155, but reliable quantitative estimates could be made only
for cesium 137 and antimony 125, the latter collected at depths
where the soil contained no measurable radioactivity above back-
ground.® In “recent deposit” soil, only antimony 125 (the presence
of which had been discovered for the first time in 1957) was
found in the leachates, Analysis for strontium 90 indicated that
its movement was enhanced by the presence of potassium
chloride.® Throughout the investigation soil chemistry presented
difficulties arising from the coralline-foraminiferal character of
the materials and the naturally high calcium content. Not all of
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these difficulties were overcome, but a procedure to determine
calcium carbonate by gas evolution was used in analyses of organic
matter. Broadly, the lysimeter studies revealed that there was
only a slight downward movement of minerals, even in the POTOLS
soils in which leaching was a function of the natural land-water
relationship.

The studies of land plants evolved from the original mapping
and description of the plant communities at Rongelap, although
in the processes of radiochemical analysis priority was given to
food plants. Complete radiochemical analyses were made for all
samples of pandanus, tacca (arrowroot), breadfrui, squash, and
coconut samples. Cesium 137 was found to be the dominant
isotope in these plants, accounting for 70 to 09 per cent of the
total activity, Strontium 90 accounted for most of the remaining
activity, although manganese 54, rinc 65, and cerium 144 were
found in minute amounts in samples from the more highly radio-
active northern islands®" All plant samples through 1959 were
counted for gross beta activity and, while there were definite
geographical and species differences, no seasonal variations or
changes with time were apparent.

The need to determine the mobility of strontium 90 and cesium
147, elements of singular interest in relation to the original con-
tamination, gave direction to the plant sampling. The results of
the analyses of the 1958 samples, and observation of the initial
clteces of the greenhouse experiments, indicated that there were
marked differences in the amounts of strontium 90, cesium 137,
potassium, and calcium found in the terminal and basal lcaves.
Therealter, collections in the field included both types of leaves
from the same plants. Cesium 137 moved into the terminal leaves
more readily than did strontivm 90, yet it was less mobile than
potassium. This observation led to an extension of the use of
fertilization plots in the field, where tests indicated that the addi-
tion of potassium as a plant nutrient reduced markedly the u prake
of cesium 187, Fentilizer plots were established at Rongelap in
both cultivated and uncultivated areas. With the assistance of
Morriss, plots were set apart in coconut stands and certain trees
marked so that repeated collections could be made from the same
individuats.

A search for aberrant or atypical plants was made on most of the
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islands of Rongelap during the survey of September, 1959, and a
number of examples of such plants were found and photographed.
Yer, as had been discovered a decade before in the resurveys of
Eniwetok after Operation Sandstone, it was BECessary to resist the
temptation to ascribe such aberrations to the effects of radioac-
tvity alone. Multiheaded and branched coconut palm trees were
found on Naen and Yugui Islands. A single double-headed palm
about three feet high was discovered at Jabwan on the south end
of Rongelap Island, but even the Rongelapese (who had observed
other such phenomena and who were as concerned about them as
they were worried about poisonous fish) said that this particular
development had been caused by mechanical damage. Palms with
twisted fronds were found on Rongelap, Kabelle, Gejen, Lomuilal,
Yugui, Aerik, and Naen Islands, and i was noted that these
occurred with greater frequency on the islands that had been
more highly contaminated.® Dying coconut trees were in EVeTY
stand of palms, again with greater frequency in the northern
islands, and the same was true of palms with “pencil point,” or
tapering, stems, Dead or dying specimens of Suriana, Guettarda,
Scaevola, Messerschmidia, and Pemphis were more prevalent in
the northern islands, and a strikingly aberrant example of Mes-
serschmidia, possessing only a few chlorotic terminal leaves, was
found on a sand spit on Lomuilal Island. Yet despite the multi-
plicity of these examples, it could not be presumed, much less
established, that these effects were caused by radicactivity. In
general, the vegetation was in poorer condition on the northern
islands, which had received about ten times as much initial con-
rmination, than on the islands along the eastern edge and to the
south of Rongelap, But it also was probable that other factors
were at work. The soils of the northern islands are less well
developed than elsewhere, The nitrogen content of the best
northern soils averaged only 0,26 per cent compared to 0.57 w
171 per cent in the south, This in turn would indicare that vege-
tation had been sparser in the north for a considerable period of
time, and there was evidence of recent overwashings of portions
of the northern land, particularly at Lomuilal,= Finally, alierra-
tions of island growth were known to be far from rare, even where
radioactive contamination never had been a factor. Many
examples are cited in the literature of tropical areas. In 1960,
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Morriss reported finding two multiheaded palms at Ujelang Atoll,
southwest of Eniwetok, which is within the sphere of operations
of the proving ground but which never had received fallout. On
balance, it seemed probable that radioactivity, if it played a role
in creating the observable condition of Rongelap’s vegetation,
was merely one of a number of factors tending to cause an increase
in the numbers of aberrant planis.

The repeated surveys at Rongelap had permitted increasingly
precise observations of the differences of uptake of radionuclides
by organisms of land and water, differences first noted at Bikini,
confirmed at Eniwetok, and extended during the ocean surveys
of 1956. Long before it had been established as a general con-
clusion that cesium 137 and strontium 90 were the principal long-
lived fission product isotopes found in the land organisms and
that zinc 65, cobalt 60, manganese 54, and iron 55—nonfission
products and elements which, in stable form, were in short supply
in the marine environment—were those characteristically predom-
inant in marine organisms. The distribution of radioisotopes in
the biota had been found to vary from organism to organism and
to be greatly different character in marine and terrvestrial organ-
isms taken from the same geographical area. Few of the induced
radicisotopes were present in the plants growing in the soils, or in
the tissues of the rats which feed on land plants. But in the plank-
ton, the marine invertebrates, and in the hshes, induced radioiso-
topes frequently contributed up o 100 per cent of the total
activity.® In the realm of the connections between water and land
lay further questions that could be pursucd in Rongelap's mildly
irradiated environment. One of these connections was traced
through the birds.

Richard's surveys of the birds at Rongelap provided a listing
of species encountered with estimates of probable numbers and
notes on feeding, nesting, breeding, and residence or migratory
habits. The birds of significant interest were subject to grouping,
as had been observed earlier, into categories incorporating the
migratory shore birds and the resident sea birds. The migrants
included species common to the atolls, such as the golden plover
American and the ruddy turnstone, and those less frequently
noted, the bristle-thighed curlew and the wandering tattler, The
residents included the omnipresent noddy tern, the whitecapped
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noddy, and the white tern. It was Richardson’s belief that the
shore birds probably were winter residents whose southern migra-
tion tended to stop in the Marshalls in autumn and that these
species probably had not contributed significantly to the develop-
ment of soils and vegetation over the centuries, not only because
of their intermittent presence but because they are small in size
and population and live principally on the island beaches, But
the numerous resident terns, excepting, perhaps, the sooty tern,
which typically establishes its colonies on barren and wind-swept
points, undoubtedly had helped to build the atolls and were
important in the cycles of atoll life, because it is their habit to nest
and breed in the inner parts of the islands where there are thick
stands of Pisonia and Messerschmidia trees. The three most nu-
merous terns, the noddy, the white-capped noddy, and the white,
were noted as apparently entirely piscivorous, living on small fish
caught in the lagoon or in the open sea. Their wastes and undi-
gested food deposited in the nesting areas of plant growth seemed
certain to be necessary to the development of plant life and thus to
the growth of the islands themselves.

In an effort 1o establish an estimate of the ecological importance
of the common terns, Richardson made population sindies from
which he might calculate the tern's contribution to island nutri-
ents, On Kabelle Island, which has an area of some 2,400 square
meters, he found that in 1959 there were 700 to 900 adult white
terns, 500 to GO0 noddy terns, and 200 wo 300 white-capped noddy
terns. Assuming that each bird would eat ar least half of its own
weight cach day (a conservative assumption), he calculated that
on Kabelle in a single year the white terns would deposit 35,000
pounds of waste, the noddy terns 51,000 pounds, and the white-
capped noddy 10,000 pounds. Thus on this single medium-sized
island the resident members of only three species of terns would
deposit each year in the stands of vegetation approximatcly 48
tons of nutrients.® Richardson concluded that there seemed

clearly to be a relationship between the greatest concentration of breeding
birds, the most extensive stands of large trees, and the best-developed
soile. . . . The sequences in the development of these relationships is prob
bematical, bat one may think of them as evolving together, even though a
relatively barren island would, at firet, avivact few birds. If certain facters,
s availability of sub-surface water and protection from salt spray, led @
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denser vegetation in the inner parts of islands, the population of birds
could then greatly accelerate the development of soils and larger and larger
trees.

The food of the terns came from the lagoon and the open sea, and
the island soil accordingly was being fertilized by wastes whose
origins were oceanic. But the immediate significance was in the
contribution of birds to the circulation of radicactivity. Repeated
analyses demonsirated that within these wastes were nonfission
products—primarily cerium 144 and iron bS—characteristically
captured principally by marine life but now made available by
the birds to island vegetation. The terns were agents for the
transport of minerals from water to soil to vegetation. The tagged
materials illuminated the process. :

The survey of September, 1959, produced a more complete
examination of lagoon ecology than had been possible earlier.
Invertebrates were gathered at thirteen islands. Reef fish were
observed and collected principally at Rongelap and Kabelle, but
emphasis was placed on collections of goatfish and on other organ-
isms upon which the goatfish were observed to be feeding. FPlank-
ton was collected by continuous pumping at the surface between
eighty-nine stations in the lagoon. Twenty-four hour collections
of plankton were made at three depths at three of the stations.
Bottom cores, made with equipment designed at the University of
Washington Department of Oceanography, were recovered at
seventy-four stations.® No further held collections would be
made until 1961,
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APPENDIX 10

A sELECTED listing of biota commonly sampled for radioactivity in the

Marshall Islands:

Family

Isuridae
Orectolobidae

Triakidae
Carcharhinidae

Dussumieridae
Synodontidas
Congridae

Moringuidae
Muraenidae

Belonidae

Fisu
Genus and Species

Carcharodon carcharias
Ginglymostoma ferrugineum

Triaenodon obesus
Carcharhinus melanoplerus
Carchavkinus menisorrah
Spratelloides delicatulus
atrofasciaius
Saurida gracilis
Synodus vaniegalus
Conger noordzieki
Maoringun abbreviala
(rymnothorax buroensis
pictus
flavimarginalus
undulatus
Strongylura gipanieg

Common Name
Crreat white shark
Carpet shark,
nurse shark
White tip shark
Black tip shark
Cray shark
Round herring

Lizard fish
Conger eel

Worm eel
Moray ecl

Meedlehish
39
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