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BIKINI RADIOBIOLOGICAL RESURVEY CF 1948.%

Applied Fisheries Laboratory

University of Washington

Part 1. Organization and personnel.

Introduction

At the request of the Atomic Energy Commiszion, with the active
participation of the U. S, Navy, a radiobiological resurvey of Bikini Atoll
was conducted during the summer of 1948. The University of Washingten,
Applied Fisheries Laboratory was designated by Supplements 5 and § to the
Contract No. W-28-09L-eng=33 to carry out the field problem and to rerort
the findings.

A preliminary outline of the program of studiea for the second
radiobiological resurvey of Bikini for the summer of 1948 (Report UWFL-10)
was prepared and forwarded to the commission for approval. This report,
in part, outlined the objectives as follows:

YA resurvey of the Bikini Atoll during the summer of 1948
should be undertaken %o further our knowledge of the over-all
biological protlems of the effect of the release of energy
from atomic bombs above or under water,

Biological studies are of necessity long time, complex
projects. The Bikini bioclogical studies arc so very compli-

cated that only through continucus long time effort can we
hope to understand the basic principles involved,

% This report is based on work performed under Contract No.W-28-034-eng-33
with the Atomic Energy Commission and in cooperation with the U.S. Navy.
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"The fundamental data that need t5 -2 zathered at regular
time intervals for re-evaluaticn of *~2 problems invelved
are grouped as follows: (1) the presence or absence of
radiation in the various types of marine srganisms; (2) the
distribution of radicactive substances in the marine plants
and animals from different gensgraphical locations within
the atoll; and (3) the amounts of radioactive substances

in certain tissues and organs."

Organization

The radiobiological resurvey »f Bikini during the summer of
1948 was a fine example of teamwork in research. The Atomic Energy
Comnission, the U. S. Navy and the University of Washington each contri-
buted personnel, equipment and facllltles to make the project possible.

The Atomic Energy Commlssion provided the admlnistratlon and
financial support. The Washington »ffice of the commission, especially
the Division of Biology and Medicine, under the direction of Dr. Shields
Warren, and Dr. James H. Jensen, Chief of the Binlogy Branch, were very
helpful in expediting the research. The Hanford Operatinns Office of
the Atomic Energy Commission, especially Mr. ¥. K. Crane, handled l»cal
arrangements for the commission in a most understanding manner.

The U. S. Navy provided transportation to and from the area.
Ships, equipment, shore facilities, communicatisns and many other
services that made living and working in the arza passible,were furnisied.

Captain J. S. Russell, U.S.N. aided in many ways in the planning,
organizing and expediting of the expedition.

The Island Commander stationed at Ewajalein atoll, Captain
Jo J. Vest, U.S.N. and his very efficient staff of »fficers and enlisted
personnel were mast helpful and considerate. Especially noteworthy was the
personal interest of this fine naval group in the success and welfare of the
&xpedition.

UNIVERZITY ARCHIVES
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The Navy assigned Lt. J. J. Schmidt, U.S.N. as naval liaison
officer. Lt. Schmidt accompanied the expeditisn frem the mainland to
the Pacific areas and return. His services were especially appreciated,
for he handled with tact and skill the many problems of civilians working
with a military organization.

The University of Washington, as contractor, provided technical
Fersonnel, facilities and equipment for carrying -ut the research. The
administration of the program by Dr. Raymond B. Allen, President, and

Yelson Wahlstrom, Comptroller, was understanding and efficient.

Technical personnel

A total of twelve technical staff members were used to carry out
the field problem. The nucleus of the field party personnel was drawn from
the staff of the Applied Fisheries Laboratory where experienced personnel
was available. To increase the specialty skills available for evaluation
cf the radiation problems at Bikini, specialists were borrowed from other
universities for the field trip.

Since training of technicians in radiation biology is a definite
part of the over-all program of which this work forms a part, promising
students were included in the field party. A balance in the program was
maintained by assigning a junior member of the staff to work with each

senier member in carrying out the various phases of the work.
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Members of the Bikini

-l -

Radiobiology Resurvey 1948.

Assignment

Permanent addrecs and
occuration

Donaldson, Lauren R.,Ph.De

Seymour, Allym Ho2

Welander, Arthur D.,Ph.D.

Wnite, Asher A., M.D.1

HOllenberg, GeOo, phoDc

Bulleck, Theodore, Ph.D.

Tinker, Spencer W.

Held, Edward E.

Lowman, Frank G.

Koch, John J.

Osborn, Richard H.2

Donaldson, John R.

1,2

Groupleader and
biologist

Executive officer,

biostatistician and

plankton work

Radiobiologist and
ichthyslogist

Medical Consultant

Marine algae

Marine inverte-
brates

Marine binlogy

Marine inverte-
brates

Binlogist, elec-
tronics

Tissue processing,
radiation detec=-
tion

Biologist, phnto-
grapher

Fisheries biology
and plankton

1 Operations Crossroads, radiobiolngy, 1946

o]

[
-

Bikini Scicntific Resurvey, radisbislogy, 1947
3 Operations Sandstone, radiobinlbgy, 1948

Prof. of Fisheries; Di-
rector,Applied Fisheries
Laboratsry; U. of W.,
Seattle &, Wash.

Research Assoaciatc, Ap-
plied Fisheries labnra-
try, Ue of W.

Asst.Frof.of Fisheries
and Rcsearch Associate,
Applicd Fisheries Lab.,
Ue of V.

Lecturer, Univ. of Minn.
CHallege of Medicine and
Nicollet Clinic, Minn-
eapolis, Minnesota

Prof. »f Botany, Univ.
of Redlands, Redlands,
Calif.

Assoc Prof. »f Zoology,
Unive of Calif., Lns
Angeles, Lns Angeles,Cal.

Direct-r, Waikiki Aquar-
ium, Univ. -f Hawaii,
Hon~1ulu, T.He

Graduate i#zsearch,Dept.ol
Zoology, UsCeLsAe Los
Angeles, Califernia

- Researeh Ass»yciate, Ap-

plied Fisheries Lab., U.
of W.,Seattle, Wash.

(iradunte Research, Ap-
plied Fisheries Lab. U.
of W. Seattle 5, Viash,

Student, Medical School
Us of W. Seattle, Wash.

Student, Schinl »f Fish-
eries Univ. »f Wash,
3eattle, Waszh.
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with the completion of the field project the “berrowed®
personnel were returned to their various permcnent stations. The work
of orginizing the data and writing the reports has been the work of the

regular staff members of the Applied Fisheries Laboratory.

Naval equipment provided for the resurvey

In addition to the transportation and facilities »nrovided by the
Yavy to move the versonnel and equirment from the m-inl-nd to the Paciric
area and return, two small ships were provided for transportation znd to
rrovide living accommodations and laboratory facilities.

The 1CI (L) 1054, with Lt. (j.g.) S-m Mansrield as commanding
officer, was assigned to the cxrnedition for an operations base. The ICI
with a few alterations to nprovide deck laboratory snace vroved to be a very
accentable ship for field omerations. In addition to the LCI-1054 a
support ship, the AG=1L0 accomranied the expedition from Kwejalein to
Bikini to transport the three (3) sma1ll landing craft needed for work
boats within the l-goon.

Mail, supnllies 9nd rersonnel were transnmorted between Kwaje'loin

and Bikini by P.B.Y. ovwerating out of Kwaj-lein.

Time schedule and work orograms

The rese-rch exredition left San Francisco, Calirforni- on
Sunday, June 27, 1948, via Naval Air Transport and after 2 stoo-over
at Honolulu arrived at Kwajalein, M.I. on June 30.
From Kwrjalein to Bikini transvortation was by ship.' The
LCI-1054 arrived at Bikini on July 3, 1948, and remained until July 20, 1948,

thﬁ the shivs and personnel werc moved to Eniwetok. INIVERSITY ARCUIVES
- TUNIV, OF WASH., LIsRARIES
\




The LCI(L)-1054 was assigned to the expedition as an oper-
ations base, The forward deck was covered with a tarp to
provide deck living space., The after deck was used as a
laboratory for processing materials,
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During the eighteen (18) deys at Bikini collections of material
fer the study of radiation were made at cleven (11) mejor stations. This
mterial contained representative samples of the faunal and floral systems
from the lagoon, the inner and outer reefs, and from the islands. A total
of 1918 ashed samples were pren red for determination of the contained
radioactive materials. A vast quantity of material was preserved for
future study in the l-boratories on “he mnuinl-nd.

A survey was comnleted of the mijor islands to determinc the
mount of contaminaticn with radioactive debris and drift moterial.

Field counts were 2lso mide of the extent of contamination of the land

masses, land plants and nimals, etc. from the contamination of fission

nroducts found in the lz2goon.
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g The AG-140 accompanied the expedition from Kwajalein to Bikini to
transport the three (3) small landing craft used for work within

the lagoon.
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Part 2. Zvaluation of radioactive materials in fish collected at
Bikini during the summer of 1948.

Collacting methods

Methods of collecting fish were similor to those used at

Bikini in 1946 and 1947 (Report No. UWLF-7). The collections were

principally of reef fish killed by rotenone, supplemented by some

fish caught by hook and line.

Collecting areas

’é: Eleven areas geographically distributed throughout the atoll,

I

which had been sampled in previous years, were selected as collecting

areas. These areas from west to east in a clockwise direction were

5l Boro, Nami, Uku, Amen, Amen-Bikini, Bikini, boat anchorage, Rokar, Enyu,
%3} Arji and Erik. Samnles were collected on the lagoon side of the islands,
k&“ supplemented whenever possible with similar eollections from the ocean

side of the island or reef. The attached man has the major collecting

areas marked with an x.

Grouns samvoled
The fish selected from the collections for determin-tien of
contained activity were in one of the following twelve grouns:
Blenny, cirdinnl, damsel, eel, goat fish, groucer, lizzrd, o.rrot,
% siganid, squirrel, surgeon and wrasse. These grouns, based on the
;éé‘ 1946 And 1947 collections, were selected 1s being commenly available
r’ aind representitive of the reef fish taken by sur means of collection,

An eff~rt was made to collect one or more specimens of each of these
UNIVERSITY AR ANVES
. ' TNIV. OF WASIHL. LIBRARIES
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were not available,

Number »f samples

A total of 1152 samples were prep-red from tissues taken

from 187 specimens,

Tissues samoled

Selecticn of tissues sampled was 2lso standardized with six
tissues ~ skin, muscle, b~ne, liver, gut and gills - usunlly taken.
The spleen, kidney or gonad was nlso sampled when fish of sufficient

size were available to yield ~n adequate sample of thcese tissues.

Sample oreparation
The samples were prepared for counting by placing approxi-

mately 1 gram of tissue ~ if that much tissue was available - on 2 one

inch stainless steel plate stamped fr-m .005 inch stock. The samnles
were heated to about 120° C on 1 hot plate to initiate the reductinon

to an ash, After the tissues charred, a drop of olive oil was n~dded to

reduce sputtering. The trays with the tissue residue were then placed

in 2 muffle furnace ind the temperature gradually raised t- 370° C.

After twe h~urs of heating the temperature was raised to SOOn C nd

m2intained until a white ash was obt~ined. A drop or more ~f nitric

acid was then ~dded and the s-mnles removed to cool. If the somple

becme hydroscopic it was reheated te 500° C. and 2 drop »f sulfuric
In spite ~f such treatment samples with ~ high calcium

acid ~dded.
inally, after completing ashing ~nd

rr3

tontent remiined hydroscopic.

UNIVERSITY Lo
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urn cocling the plates were mounted on cards, covered with cella-
shone and sealed with Scotch tape, All of the fish samples were pre-

pired in the field but were not counted until two months later,

Counting orocedure

The samples were counted for beta-garma 2ctivity only.
The counting was done at the Applied Fisheries Laborat~ry, University of
Wishington between September 15 - 28, 1948. With ~nly one scaler in
cperation and with a large number ~f fish nd nsther stmples to be
counted it was decided beforchand to make five minute counts. (See
discussinn belcw under "Error"), Five minute recounts were made of

somples whose net original counts were O to 4 ver minute. The counter

was set in 2 c¢ircular lead shield with a sliding plate holder and
connected with a scale of 64 scaler. Bnth products were made by

Victoreen, the scaler being Model X-327.

Correcticns in counts

The sample counts were carrected for background, for weiéht of
smple 2nd for geometry, For the entire counting pericd, the average
background count was 17.0 ner minute. Using 2 U.S. Burcau of Standard
R D+E stond~rd of approximately 108 disintegrations per second the
gemetry was calculnted 1s being 18.0 per cent. No correction was made
f~r scattering, for self abscrption, for abscrption by air and by

counter window or for the ornbability of i-nization.

C~lculations

————

Crunts were eventually converted to millimicrocuries per

kilogram of sample by the o1l wing formula:
. TNIVERSITY ARCHIVES )
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m uc . = hot count per minnuto
o/ {semple wt.)(geometry) (2.2)

If the number of disinegrations per second for one eurie ig 3.7 x 1010
end this value 1s corrocted for convorsion to minutes and then the
equation above 1is converted to millimicrocuries the resulting valuc 1is
2,2 as appears in the dcnominator,

The total activity of an individual fish was calculated as theo
sum of the activity of all of its tissues. This valuoc was obteined in the
following menner: (millimicrocuries por kilogram of skin) x (ratio of total
tissue welght to total body weight) +£ (m/uc/kg. of muscle) x (body ratio)
+4itto for bone # for liver, stc. = millimicrecuries por kilogram of fish.
Tho body retlos, Table I, wore obtained by weighing theo tissuea of one
Tish from eight solocted types. Fish, other than those listed, wore placed
undor one of the oight types as follows: blenny, column 1l; cardinal, goat
fish, grouper, lizard, variola, snappcr, pig fish, remora and half besak,
column 2; damsel, column 3; wrasse, column 4; puffer, column 6; and_Jack;
tuna and reinbow runncr, column 7.

Table I. Ratio of Tissuo Woight to Total Body Woight for Eight Sclocted
Typos of Bikinl Fish

1, 2. 3. L, 5. 6. 7. 8.

Fish ocl brown convict parrot siganid squir- 2 lino shark

spot, surgoon rol macke- (osti-
. Tissuo groupcr ral nted)
,8 | sxin 108,06k 065 11k - NS R NG S T 0
39, muscle  .686 662 S67T  W591 LOle L3S 783 L300
25§ ‘bona 099 224 175 220 L7000 288,118 150
v liver .013 .003 .020 .00% .009 007 .005 100
o2 =l aut 084,025 JA51 .055 .16k 063,030 100
PR 8ills .009 .021 022,015 013 .019 .025 .050

3828 splcen ,002
Total 999 .99y  1.000 1,000 1.000 1.000 1.0CO 1,000
) UNIVERSITY AHCHIVES
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Error in not count at tho 95% confidenzc lovol was ealcuwiated

from the formula, por cont orror = (K/./C )(100) whorc K 1s a constant

cqual to 1.96 for tho 95% confidenco lovel C is tho total count and 100

the corroction for per cent.

Analysis of data;

The date was analyzod with tho purposc of cstimating activity by
troas by spccics end by tissuc. Analysis by aroa was bascd on tho averego
tetivity of all fish sompled from onc collecting oroa. Explanation of tho
celculation cf activity by speclcs is glven abovo and is an avorage for all
troas. Tilssuc activity was calculatced as the avorago activity per kilo-

gram of tissuo for all fish from nll aroszc.

Rosultsg:

Tho rcsults arc shown in tabular form in Tablo I and in graphical
form in Figuros 1 2 3 L4 and 5. 1In genoral tho counts wero low usually
not oxcooding twice boackground (scc Figurc 1). By arcas tho activity
in tho western half of the atoll (Erik Boro, Nomu) was slightly lowor
but othcrwisoc no pattorn wes apparcnt as is shown in Fugurc 2. Avorage
activity by spocics ronged from 9.60 to O millimlcrocurics por kilogron
of fish., The activity by spoecios 1listed in tho following dcsconding
crdor of mognitudc, 1s ay follows; lizard, wrasso, helf-boak, sigonid,
barracuda, damsol; poarrot, cardinecl, blenny, surgeon, snappor, goct fish,
groupcr, Jack, ocl, varigla, rcmora, tuna, aquirrcl, mackeral, plg fish,

rainbow runncr, purfor, mullot and shark. Scc Figuroc 3. Activity in
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- 16 -
Lssue renged from 22.7 to 3.0 millimicrocuries por Xilogram of tissue.

“Tlgaro 4 tho tissuos arc nrronged 6s to activity in the following
Liconding ordor: sploon, liver, kidnoy, gut, skin, bono, gills, musclo

= ovary,

Error

Tho por cont orror in counting and honco In cstimnting activity
8 rolativoly grcat duc both to the lowv activity of tho samplos ond to
%e short counting period, For these rocsons val:aos of about four or
flvc to zero millimicrocurics peor kilogram are in gonoral of quostion-
dlo significance,

The per cont orror could have beon groatly rcduccd by moking
longer counts, This crror was roduced in 603 samplos by making five
ainuto rocounta, These samples hod original net counts botwoon O and
b por minute, Activity was thon computod from the avorage of the two
counts vhich is ogquivolont to en avorogo bascd on a 10 minuto counting
poriod thue roducing the por cent orror. Tho rocounts wore made o month and
¢ kelf aftor tho original counts but sinco it was twenty sovon months
ofter the blast no corrcction was mndo for decoy botwocn time of originol
count and rocount. Whon tho 1152 samplos woro grouped as to per cent
error of the net count, 1b samplcs woro in tho class of 0-25, 47
samplos in the cless 25,)-50, 248 samplcs in tho class 50.1 to 100
and 409 in tho class of over 100% error. The count of thc other L3a

somplcs was background or loss. Tho histogram of Figure 5 is & chart

of those data,
In cstimnting the activity by oarcas there mey bo a slight

orror duc to tho fact that oxactly the same species were not collected at

" LNIVERSITY ARCHIVES
- TNIY. OF WASIL LIRDARIES
223
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Figure 1

Grouped Frequencies of Fish Samples
by Net Counts
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Figurc 3
Average Beta-Camma Counts of Fish by Species
per Kilogram »f Fish
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Average Beta-Gamma Counts »f Fish Tissues
Expressed as Millimicrocuries
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Fipure 5
Grouped Frequencies by Per Cent

Error in Net Count »f
Fish Samples

LOOm— | e

[
]
o
|
0 1
Q {
'_‘ t
Q. |
E : .
1) 1 |
o ;
%  200— |
5 {
(] |
2 {
5 i
] !
100~ ! f i .
; | :
i
i | 1
1 ! H '
i ; ; g ————
Pey Cent Error Over 5041 75.0- 7 7 less
in Net Count 100 100 50 than 25
n L 09 24,8 L7 1,4 Tntal 7183
; = Cent of T"tal 5700 3[;.5 6.5 2.0 lOO
#The L34 samples not cntered in this total were zero
count or lesse
UNIVERSITY ARCHIVES
R UNIV. OF WAS{L LISRniEs




Yy two areus. Since there was o deoliberctc effort to collzct in sach
“ree the species noted at the boeginning of thisg reoport, tho error
vould bo insignificont and woll within the ronge of othor orrors.

The calculntion of total body activity assunies that tho
body ratlos of Table I would hold for all fish of simiiar shapo or
relationship, and that all tissucs of the beody could bu groupcd as
shown in the same tablo. Theso essumptions aro rot altogether corroct
but the error involved is relatively insignificont,

In tho figurcs and tables rclating to wctivity by spocics and
by tissuc it is well to not the numbor of samplos which usually fall
into ono of tho two categorics "adequato" or "very small" and to discount
conclugsions based upon the latter.

Somo samplos othor than fish wore brought boack to tho Universi-
ty of Washington and proparod in the lab. It was found that whon samplos
of caleium carbonote wore trcated in the mannor outlincd above tho
rosulting samplc woas heavier and thicker than the originel somple. An
alternate mothod was developod whorcby tho motorial was ground with o
pestle in a mortar, a thin loyer of tho pulverized moterial sprcad over
an l%" plato and thon the matoricl covorcd with o thin plastic film
(0.5% Formver E in othylono dichloride) so that it would adhoro to tho
plate., Thon, whon similor samplus propared by the two mctheds wore counted,
tho somplos proporcd by the sccond mothod goave counts that woro consistent-
1y higher, averaging 30-40% groator for tho fow samples tested. For the
fish, this would indicatc that somc of tho cctivity of tho bone and
possibly othor tissucs werc lost during the hoating znd treoatmont cnd

thus tho ostimctos of activity herce rocordod would bo alnimum values,

UNTVERSITY ARCUTVES
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Summary
Collcctiong of fish worc mado at cleven stations diutributed

thiroughout tho atoll. The collcctions were principelly of rcef fishes
tit were supplomented by sorw hook and linc caught fishes. Ono hundred
eighty~scven fish woro usod to provide tissuc samples from which 1152
rreperetions and counts wore mado. Activity by creoas (Figure 2) wos
slightly lcss for tho most western part of tho atoll but no pattorn was
ovidont otherwiso, By spoclos the activity oxpresscd as millimicrocurics

per kilogram of fish ranged from 9.6 to O (averago, 5.2) in tho following

cricr; lizord, wrassc, half-beok, sigonid, barracuda, domscl, parrot,

cardinal, blonny, surgoon, snoppor, goat f£ish, grouper, Jack, aol, variola,

ropora, tuna, squirrol, mackoral, pig fish, rainbow runner, puffor, mullct

end shark (Figuro 3). For thoso underlined thore wore 5 to 16 sanples.
The average value for tho activity of tissues from oll specics fronm 2ll
crons oxpressod as nillinicrocuries por kilogranm of wot tissuc (Figure 4)

ranged from 22.7 to 3.0 in the following ordor; splocn, liver, kidnoy, gut,

skin, bone, gills, nusclo and ovory, -

TNIVERSITY o
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Fart 3. Radioactive materisls nccumulated by the algae »f the lagson

and the inner and suter recf are-s.

In the fcregiing discussion dealing with the activity in fish,
the sections pertnining to collecting areas, somple prerar~ti-n, counting
precedure, correctinn in counts, calculations and err-r ~re 1lso relative

ty the datn n 21gae discussed in Part 3.

C llecting ~rens

S~mples were cullected from the shallow water areas on beth
the lagoon and ccean side of the atoll, in the same gcner-l areas as
the fish enllecticns but >ver a greater range. In deeper water, c.llce-
tirns were rbtiined by dredging ~nd from growths cf algie n floats of nne
kind er ansther. These samples were gathered in two general lacotirms,
near the reef, in which casc they were :ssigned t» the nearest rcef

stati-n, or in the target ~rea. UNIVERSITY ARCHIVES
UNLV. OF WASH. LIBRARIES

Gr uns and number sampled

An effort was mnde to collect the same genus in 111 areas for
comnarative nurpoeses. However, only threo genera werc ¢ollected 2t every
me of the ten reef conllecting staticns. Twenty-four genera plus three
mwire gener~l groups werc c~llected in =11 -nd, from these representative
grcuns, 206 s~mnles were ashed and radinticn activity ~durtod. The s-mnles “erc
weighed wet, th~t is, the s mple was removed from » bucket of salt wator,
drained but not dried, then weighed. The samples werce counted the last
week in Sentember, 1948, As with the fish s-mples, recounts were made . f
th~sc s mples with net crunts £ O £t 4 -nd the d~t~ ~f the twe counts
wveriged.

. UNIVERSITY ARCTIIVES
5 UNIV. OF W o "-?HE&




Analysis of dats

The activity w-s calculated as millimicrocuries per kilogram
f wet tissue. After determining activity, the dats werec 1nnlyzced both

s to activity by area and by generic groun.

Results

Activity by groups is tabulated in Table III and by areas

in Figure 6. Since the activity ~f target area samnles was significantly
grenter than those from the reef, the tabuletion by groups is serarated
inte those twn categeries. By groups the avernge activity from a1l
statisns e#clusive a2f the target arez was 17.3 millimicrocuries ver
kilogram ~f wet tissue and ranged from O to 102, For the target nrea,
the average ~f ~1l groups was 193 -nd the range 27 t:. 618. For the reof
stations the avernge value for 2ll groups combined ranged from 6.7 to
24.2 with the areis in the western part of the at-1ll yielding the lcwest
vilues. The highest single valuc for the reef statiins was 182 -nd for

the t-rget are2 1009 millimicrocuries per kilogrom ~f wet tissue.

UNIVERSITY ARCIIVES
UNLV. OF WASH. Li.:ARIES
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Table 11T
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Pirt 4. Radioanctive materinls contained in selected samplos ~f

invertebrate orginisms.

Cnhrllecting methods and areas

The bulk of the invertebrate c~llections were gathered in the
shallow water near the reef in the vicinity of the fish collecting
stations. Off the reef ccollections »f invertebrntes were of those found
growing on the buoys in the tirget area and on the floats that were mede
and anchored in the lagoon during July, 1948.

Many groups of invertebrates were sampled with some of the
smaller groups being combined into the more gencer=l groups shown in
Tble IV. A total of 389 samples were prepared ~nd the radiation
counted Sentember 29 to October 5, 1948. If there was more than one
tissue from 2 single spccimen, the average of all tissuecs, without
weighting, was the value used to calculate averrge count by group or
by area.

S-mple preparation, counting procedure, c~rrection in counts

°nd czaleculations were the same as similar procedures discussed in Part 2.

Results
The average count by areas of 21l groups combined is showm -.s
the histogram of Figure 7. Again the target nrea collections were higher
being estimnted at 245 millimicrocuries per kilogram ~f organism ns
compired to the range »f ~verage valucs »f 5 to 28 m/uc/kg. for the reef
stations about the periphery -f the atoll. The avernage count by groups
is divided int» the c»hllections from the target aren and those from the

reef. For the reef these valucs range from 0 t» 67 2nd aver~ge 13.0 m/uc/kg.

»

i
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For the target zren the range w~s O tn 1950,
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Tablo IV. Avorago Bota-Garmp Couats of Invortcbrates

by Groups Exprcssod as Millinicrccurics per Kilogran

of Samglo.

Averngo - all arcoes
loss target

Avorage - torgot
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brittle star
cloms

cone shell
corel

crugtacon

hydroids

octopus
oystor
miscellaneous worms
sand dollar
scallops

sea cucumber
sea slug
shrinp

snail

sponge
tunicates

urching

0
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Of spocial intorest arc the counts of spocimens takon frenm
floots that had bocn in the lugoon for only 14 days. On July 5,
twolve horw-rndc floats of approximntoly 8 squere foct and mado of scrap
lumbor mostly 2 x 4 and 1 x 4 were anchorod in tho lagoon in and noar tho
target aroo. This colloction was designed to follow up o similoar colloction
of last ycor (scc Report No. UWFL-11%).

On July 16, thc floats were liftod and sanples renoved., Bocouse
of the short period growth wos not groat but some hydroids and bernaclos wore
Present. Tho hydrold samples also included algoo which was difficult to
gsoparate fronm tho hydroids. The counts arc tadbulatod in Tablo V and it
1s intorosting to noto that two ycars aftcr the blast tho tydroid samplcs
(including both hydroide and algac) wore ablo to obtain in 2 wocks or
loss measurablc ancunts of radicactive materials, Thoavorage valuo of
the hydrold somplos from the floats was 62 millinicrocurics por kilogron

of wot tissuc.

* Doncldson, lLaurcn R., Allyn H. Scynmour, Arthur D. Welandor and Kelshow
Bonhan, "Concentration of Active Motcerials by Hydroids in tho Bikini
Logoon during tho Swmicr of 19k7",

Applicd Fishoriecs Laboratoury, Univorsity of Weshington, Scattle.
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Table V. Beta-G

[Shuin'el

Activity

txpreased as Millimicro-

curiecs por Kilogran of Orgonigns that arew on Floats in

Bikini Topmoon from July 5 - 19, 1948,

Aroo Hydrold Barnacle Tunicete
2605 5, 2k 31
260k Bikini, 101, 23, 3k 31
S. end
2603 Bikini-Bokon 57, €2 0
2602 Bokon-Yeran 42 11
2698 Rokar 73 0
2300 Teoor torget 189 0 0
axch
2203 Torgst crca T4 10, 6
2102 Targot orow 7
2103 Target arca 70 0
2005 Near torget 6
area
Total 54 102 0
n 12 11 1
Average 62.8 9.3 0
“ n;\‘[:) 1;:’1;’{1 ARCHIVES

L Lipne

ARIES
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Part 5. Bikini plonkton and the part it plays in the distribution

of radiation around the lagoon.

Plankton tows, as tino pernitted, were rnde in the lagoon.

Two typos of ncts wero uscd, o stondard onc-metor Michaol Sar not
constructod of #14 and #24% xxx silk grit gouze and ¢ smoller 12" marine
sypc towing not constructod of silk of oither 38 or 125 nicshes per inch,
Location of Hauls was cithor Bikini Islend anchoroge or the target

arca, From 30 tows, 31 samplcs woro propoared in the fiold and wero
counted ot tho laboratory on August 5 and 6, 1948,

The bota-gormia counts for all samples cxprosscd as nillinicro-
curics por kilogran of wot sanple aro prosented in Table VI. Thoe higher
valuce for tho target arca werc due in part to the algac taken in the
overnight acts. For thesc scts, two small noty were uged with o glass
ball ticd to tho not ring and the towing ropc thon ticd to o buoy.
Chafing of the ropo scraped some of the algac 6ff tho buoy and the algac
iriftcd into thc nct.

The average valuc of 21l hauls for both arcas wos Ly m/uc/kg.
Tho linitod data docs not warrant furthcr onalysis but 1t is significunt
to note that tho counts of samples from tho tows of the fino moshed net
arc gonerolly highor. Thus suggesting that tho nicroplanicton oy bo

aorce redioactive than the macroplankton,

UNIVERSITY 1 :
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Table VI. Average Beta~Garma Counts of Plankton

Expressed as Millimicrocurics per Kilosram of

Vet Tissue from 1948 Bikini Collectisn

Area Anchnrage Tarpat area
ﬂ???f”??-fff_~i anQ z:ziienetfine:lngi 2::i§ene¥ine
Date | i |
75 boe 49 |
6, 612 13 15! |
3 PM 7/16 1 25 3 ,
10 PM 7/16 ' 16 24 68 -
3 BM 7/17 '8 90 39
10 PM 7/17 p) 6 ! r
17-1/180 : | 116, 99
9 M 7/18 18 112
WM T8 4 21 !
7/18=7/19% - ! 174,453 |
3 P79 29,59 g8
10 P¥ 7/19 1 W
5 .
e i i om ..~.....T e e e e e e e e el R .
Trtal l g1 62 176! 70 90 661 1140
Average 12 21 25 :

| 23 90 132 L

- . e —. - -

2. nct buoyed out ~vernight and tied t-» float; considerablc
algae from float.

. UNIVERSITY ARCHIVES
, UNIV, OF WASH, LIn g
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Part 6, Bikini atoll lend survey with counts of the activity found

on the land arovas.,

Tho colloction of morine plants and aninnls ineluding plonkton
was supplomented by occasional colloctions of torrestial plantes and cnimals
and by roguler surveys of the ectivity of the bocch, land nnd vegetation,
Tho usunl procedurc was to toko onc or two survey neters on oach trip
inte the ficld and to pako a survoy of the land arca within tho vicinity
of the station scloctcd to colleet marinc plants and anincls,

The instrumonts uscd wore the Victorcen, Model 263 A, beta-
gormm swrveoy mwters. Readings were rnde both with cnd without the shicld
cnd unless indicatod the roodings givon bolow arc thosc without the
shicld., The wmoter rcodings translated to counts por ninuto as deterninced

' roading on tho low scale

by o rodiun stondard, rangod fron 20 for a "ono'
to 124,000 for o "twonty" roceding on thoe high scale for onc instrumont and
35 and 89,000 rcspoctivoly for thu othor, The inmstruments wore cclibratod
ot Hanford provious to departurc fron Scattlo and were agein collibratod

in the fiecld., Since thc tubc was sorewhat light scnsitive the low metor
rcodings, i.c., up to perhaps 3 or 4 on tho low scale (approximntely

100 ¢/u) arc espocially unrolioble.

Lioutcnants Schnidt and Bishop and Scoaman 3nith of tho U. 5. Nevy

also naterially asslsted in thesc survoys.

Bikini Island

July 4, Arco 2307, NW tip of Island: The boach had low activity

gonerally but the coral ranged from 0-12,000 c/n, the high counts being

UNIVERSITY A HIVES
) UNIV. OF WASU. LIBEARIES
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fron coral coated with an oil scuri. An iron float countod 2500 pcr
ninute,

July 10, from NV tip of Bikini Islond, southocstword on tho
lagoon side for obout 2} nilos to tho 1946 C,P,0. landing wus oxplorod.
Tais arca was corcfully survoyod by two teans, ono working along tho
beach ond tho socond on the island propor fron high tide line inland
for about 50 yords, Tho Bikini Islond survoy wos the nost cxhoustive
¢f the land surveys,

The highest rooading found by the beach crow was cquivalcnt
to ehout 3000 c/m shicld open ond 185 r.:/m ahiold closed, sugzesting
that a consideroblo part of tho radiction registered by the instrunont
woB beta, Onc obJjoct invostigated in this nron was o lifo raft that
had drifted onto the boach undoubtedly fron a targot ship. Objects
that had floated onto the beach had higher counts than the boach, i.c.,
highor than tho coral send and coral rock. Such things as a navigation
warker, o raft, pontoons, boxes, tor on rock, boats, canvas, boords,
sponge, cloth, ropo, rust, worc surveyed and gave twenty-three readings
equivalent to an average of about 300 c/m shicld open and 50 c/m shicld
¢loscd. Eleven counts of sand and rock avoragod 100 per ninute, shicld
open, cnd 25 per ninute (same as dbackground), shiold closed. In genoral
the counts ot tho MW tip of tho islond were slightly highor then clse-
vhore on tho island,

Survey of the Islend propcr yicldcd charactcoristic rcsults,
Soil rocdings wore approxirotcly the sanc as background, but thosc of the

greon vogetotion werc sorowhat greater than background and thosc of the

dcad vegetotion wore still slightly highor. Figure 8, shows a view of s el
. W
vogoteticon on Bikini Island. Twenty-threc counts werc nade of groen  » Y Q¥
IS

vogetotion cnd includced such itonus 28 grass; niscelicncous felizge;

-




Figure 8. Bikini Island. Live vegetation such as pandanus, right,
and coconuts, left, averaged twice the backeround count, while dead
leaves and grasses averaged about lour times background. The coral
sand, center foreground, gave backyground counts ouly.
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p2lm trunk, fronds ~nd roots; pondinus leaves and trunk; and p-~paya
tree, fruit and foliage. The average for these ccunts wis about

80 per minute or approximately twice background and ranged from back-
ground up to about 200 c¢/m. Dend vegetation surveyed included grass,
niscellaneocus leaves, palm stump, prlm frends, cocenut and pandanus
stump, Fifteen counts of these items averaged about 150 per minute,
tbout twice the green vegetation count and four times background, nd
ronged from 75 to 200 per minute., Miscell-neous nbjects such 2s 1 b-x,
trnvas cot, paper cartnn, rope, boards, battery case, cloth, gis cons,
tent, chair, table, building, concrete water basin, cork, truck, tire
ind a derrick were surveyed ind of 36 counts the aver~ge vilue was
Wwout 125 ¢/m with a range from background to 275. There was no
noticeable chonge in rndi~tisn from the starting point to the end ~f

the survey.

Rokar Isl-and

July 6 - Backgr-und count only 1long the waters cdge.
Re2dings increased up to 2% times background frrm waters edge up to
the vegetatiun line. Figure 9 shows a sectisn of the shore line. 5ome

drift objects on beach h-d more activity than the genernl area.

imen Islond
July 7 - The southeast end »f the isl nd was surveyed on
the 1lagoon md ocean side by twe parties. Headings tronsli-ted to counts
rer minute are s follows:
lagoon side - beach (cornl, sand »nd rock) -t low tide line
was background but driftwood ~n the high tide line counted 2s high as
y AR
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FPigure 9, Rokar Island, on the eastern rim of the atoll
and upwind from the blasts. The counts of the white coral
sand along the beach were at background but increased to
two and one-half times background at the vegetation line.
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20,000 shield open and 1,000 shield closed. Iron objects 1nd canvas
up to 350,

ocean side - c¢nral, sind and rock was background but a life
raft that had drifted ashore wis 46,000 shield oven and 2,200 shield
closeds Iron cbjects up to 5,000,

islend proper - dead leaves on lagoon side averaged 300 but

ranged up te 500: green leaves, 100,

Envu Island

July 8 « the island w=s surveyed for 2b.ut a mile on the
lsgoon side and 30C yards on the ocean side £ the NW end.

Readings transiated to counts per minute were as follows:

lagnon side - beach, i.e., cornl sand and rock, b-ckground
but drift including canvas, rope, boards, tire, w~ter bag and wooden grill
work ranged frem 150 to 21,000, Cne spot of drift wood was 21,000 open,
G00 closzd, and the wooden grill work was 6,500 open and 350 closed.
L survey was made of the LCT 816, a target ship, that was beached in this are-.
Following are the counts per minute fcr the LCT 816 (Figure 10), with values
for shield open given first f-llowed by those for shield closed: ramp 3,700,
190; table 425; rope 19,000, 1;100; ernvas 4,900, 370: starborard living
quarters 1,500: immedintely cutside 5,600; (Figure 11); rope 23,000
¢anvas cn gun mount 37,000, 1,500: paint +n gun tub 5,600; gloves 32,0003
f1lowing items frem pilot hruse -- book 700; canvas 8,800; iron 4,900:
background 600: d-~~r mat 60,000.

ocenn side -~ beach, background =nly; life raft 46,000 open,
2,200 closed,
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Figure 10, Beached ICT-816 on Enyu Island.
ship was contaminated with active materials,
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Ve
AV, Qb
NN



- 42 -

Figure 1ll. Deck area of the LCT-816 with survey crew
making readings. The starboard living quarters, left,
produced activity counts of 1500 per minute; canvas on
gun mount, center, 37,000: paint on gun tub 5,600; mat
at door to pilot house, 60,000; etc.
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island proper - sand, background; green vegetation 250; dead

vegetation, 400.

Uku_Island

July 9 - two groups, circled island.

lagoon side - beach, slightly above background; drift (metal
screen, old boards, sponge, rubber, canves, Tridachna shell) average
250 ¢/m with range 0=700; tar on cans 1,500; boat GS53-tank, 125; tar »n
tank, 125; canvas, background; metal, background; landing craft west of
ku - paint, engine, battery table, canvas, cable, rope and tire fender -
background to 100 c/m.

ocean side - bcach, approximately background; 4 blackened boxes
ranged from 370-7,900 c¢/m; same boxes shield clnsed, up t» 7,100 c/m.

island proper - sand, twice background; green vegetation (12

counts) averaged 100; dead vegetation, 200.

arji Island
July 12 ~ surveyed about one half mile on boath lagoon and
ocean side at east end of island.
lagyon side - beach, slightly above backgr-und; drift (sponge,
board, log, float, wood, PAL5-6 hull, rope, iron, boar fender, life raft,
paravane, cloth, life jacket, buny, canvas, cask and flnats) averaged
about 178 ofmoapen and WO 0w slosed, A Tloor mat comtad
and 3,200 closede.
oceen side - beach approximately background; miscellaneosus
(mattress, box and plywood) average 100 ¢/m ~pen and approximately
o
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island proper - green-vegetation, 75 open and 4O closcd;

dead vegetation 150 open and 50 closed.

Erik Island

July 13 - area monitored was about one mile on the western
end, lagoon side and road, and the western tip both ocean and lagoon
sides.

lagoon side - sand and coral 80 apen, 45 closed; drifc (drift-
wood, box, canvas, spnol, life jacket, f}oats, sponge, rubber, csrk, rope,
oar) averaged about 100 ¢/m open and 40 ¢/m cl-sed.

ocean side - beach, background only; drift (screen, board,
canvas, mess kit) averaged 125 open, 40 clnsed; one 6 x 6 timber covered
with an oil scum or tar was roughly 60,000 spen and 700 clised.

island proper - green vegetation approximately 120 npen, 50

closed; dead vegetation, 225 npen, 65 closed; sand 75, 20.

Boro Island

July 14 - a small island, circled while monitoring.

lagoon side - caral fock slightly above background; drift (paddle,
sponge, rubber, box, mattress, rope, life jacket, raft - nnt covered with
»il scum) averaged about 135 ¢/m ~pen and 25 ¢/m closed. There was con-
siderable drift covered with >il scum that counted about 4,000 c¢/m open
and 200 ¢/m closed, One plywood troﬁgh counted about 23,000 open and
650 closcd,

ocean side - sand, background; drift (concrete, bambon, bhard,
canvas, rubber, sponge) averaged 175 c¢/m spen, 35 c/m closeds

island proper - green vegetatimRQyepany 23 eloseds dead
'UNIV. OF WASH, LI3RAR:L3

vegetation, 500 open, 100 closed. e
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i Namu Island

July 15 - surveyed western end of island on both lagoon and

sean sides,.

lagon side - sand, background; oil scum on coral rock 500

pen, 50 closed; drift coated with oil scum 2,800 (range 600-5,600 op=n,
50 (renge 45-275) closeds Miscellaneous drift with ut oil scum (sponge,

Bl
LS

spool, box, float, life jacket, cloth, boiler) averaged 165 »spen, 50 closed.

scean side - beach, background; drift yielded approximately the

same count for similar items as on lagoon side. An exception was a 4 x 8

limber (no 0il) that counted 1,900 open, 200 closed.

island proper - green vegetation, 85 open, 25 closcd; dead

vegetation, 120 open, 4O closed.

In addition t» making on the spot counts with a survey meter, land :

inimals and plants and miscellaneous pieces of drift were cnllected for

ashing and counting in the laboratory. The record of thirty-five such

‘ounts are presented in Table VII.

Sutnmery of beach and land survey

A survey of beach and land activity was made of cight islands in

E |

3ikini Atoll with Victorcen, Model 263A, beta~-gamma survey meterse The

counts of coral sand and coral rock of the beaches and islands proper |
wre approainmately backeround.  Orift on the beach onocither lagyon or

sconn side had varying arounts of activity from tackground up to 80,CC0 "
¢rie The high coumts were either »f items from tarzet vessels or of items
s0ated with an oil scum als~ probably of target ship srigination. Counts

of beached target ships are given. The count ~f green vegetation was

approximately two to three times background and that of the dead vegetation

2 b oo : N -
two to three times that of the green vegetation. The approxim~te average \'f‘\,' os




- L6 -

fable VII. Beta-Ganma Activity Fxpresscd as Millimicrocuries per

Yilogram of Sample of land Animals, Vegetatinn and Miscellaneous Drift It:ms.

! . ; i
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counts by islands ¢f the groon vogetotion, the dead vogetation und

the highost counts of drift objcctas aro shown in Flguro 12, Counts of
8inilar itoms brought back to tho laborstory for counting arc tabulated
in Table VII. An ovorage voaluc of tho activity of drift obJjocts is
teeningloss bocauso of tho wide range of counts and the arbitrary noannor
in which objects woro scleocted for counting. Thororis no apparcnt
geographical rolation with activity. Tho rclation of counts obtaincd
when window was opon to when window wos closed wos of the naturo of

20 to 1 sugzgosting o high proportion of bota radiation.

UNIVERsiY 4
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Figure 12
Counts Per Minute of Green Vegetation, of Dead Vegctation and of Most

Lctive Drift Items by Areas as Translated from Read-
ings of a Beta-Gamma Survey Meter

100000 —
|
' AN
highest cour.t »f
drift items
10000 — //
, \ !
\U
g
&,
(o}
v
" 100C
e ——y
L
)
Q
+
g \
IE \ /
f4 \ - + + dead vegetation
0] ” \ / . f
CL \ e 7/ \
\ - \ /' ~ N e
] ’ -
é ' // \\/ ) S \\ g
3 v \
3 v ’ \
© 100 e K \ I
[P - ~ - \ /t
green vegetation
3 Lo DL UUUN NN NN RIS DUNSUNN SO S R
g TNIVERSITY ARCIHTY!
8 g g é % s% E) -s:j "U\[\. Ol :(x "-.*?ZA ‘fl,'!l"}i{\
& S : & & e A

- 6,_



- LY -

rt 7. Eveluation of the 1948 fileld studies, with a statement on infermation

needed for a better understanding of the bilological problems of

a contaminated area,

The twelve (12) men of the technical staff of the Bikini Radic-

tiological Resurvey of 1948 were able to gather a vast smount of data
iuring the eighteen (18) days they studies at Bikini, These data have
tede 1t possible to evaluate the problem of radimtion contamination in
the faunal and floral systems of the area, They do not, however, provide
the finality to many of the questions that is desired. This may, in part,
te due to the sparcity of data, but surely the mnjor rroblems, are those
of complexity of the reactions and the necessity for a lapse of time
during which the problem may eviolve. As the years pass it will be possivle
to develop better understanding of the provlems of conteminetion. The
razard to personal health will have passed but the basic problems will
Frevail,

Areas of Contemination

The target area continues to be the source of greatest concentration
of activo materials., Plants and sedentary animals collccted in that area

cortained highor activity counts than more remote regions,

Scettered bits of wrockage and drift materials with contemination
erc found in all ereas within tho lagoon.
Tho north roef, tetweer Bikini Island and Amen Island has tho

highest concentration of activity of any of the cuter liagoon areas.

Thore is a contirual transfor of active matorials from the (OVES
o LN“’E‘;‘; - - Soxe N T‘IES
target area, upwind, to tho eastern rim of the lagoon. VL OF o
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Concentration of activity by biotie forms.

Algae, in generel, tended to have a groater concentration of
active materials two yoars after the blast than do other forms,

Invertebrate forms vary greatly in the amount of activity

conteined in reprosontative forms collected from the eloven (1l) major
collocting roglons about the atoll. The amount of active materials
ccntainod in the invertebrate forms wes, in genoral, less than thet
containod in algeo from the samo collocting arca.

Fishes from the cloven (11) collecting stetions wore loss
contaminatod than the algae or invortobratoa.

Plankton, espocially thoe microplankton which containod mere
activity than the macroplenkton, appoars to bo ablo to concontrate tho
traco amounts in tho soa wator into moasurable amounts of activity in
tho orgonism,

Rapidly growing forms, such as hydroids on the flocts, are oblc

to absorb mocsurablo amounts of activity in vory short porlods of timo.

Sproad of activity sbout the logoon.

All tho dato assomblod indicato that tho sproad of tho activity
from the torgot arca to tho morc romote parts of tho lngoon continucs,
The Mochanism by which the trensfor takos pleco is not complotcly undor-
stood, Tho planktonic focrms, cspocially tiho microplonicton arc assumed
to bo largely rosponsible. Tho officioncy of the rotention of the trans-
portod activity is apperontly oxtromoly high whon orc cons idors tho rato
of docay of thc active substances and tho diluticn of tho wators withir

tho lagoon. With a 28 day half for dilution tho wator hos undergoene
UNIVERSITY ANCTIIVES
UNIV, OF WASH. 1:3RARIES

TUNIVERSITY ARCHIVES

UNIV, OF WA=H

*\RIES



-5 -

twenty-six (26) half exchange during the past two ye-rs.
"Bikini continues to be one of the mist important biological

experiments of our time.m

Problems for future study.

1. Centinued periodic checks of the amhunt, distribution =nd
effect of the active materinl in Bikini Lagnon sh-uld be made.

2. Field studies should continue tn explore the basic
phencimensn of the mechanisms of translcceation ~f the activity and its
concentrati-n in the faunal nd floral systems.

3. Laboratcry studies should be very c~refully integr-ted with
the field studies to provide specific information on parts of the general
problem,

L. Fature w-rk should include food chain studies te parallel
the activity studies,

5. Evaluation of the chemical components «f the active m~terials
is needed for an understanding of the selectivity evidenced by the varicus
ferms.

6. Tissue selectivity has been explored, emphasis should now
be placed cn the effect of contained activity up>n the v-rinus forms.

7. There is need for a training program ts expend our efforts
to enlist and develop competent, understanding research workers for work
in radiatisn ~nd the problems it presents in biology,

8. Bikini A<-51l should be retained ~nd usa2d ~s 2 field l-boratory

for the study of problems of radiatinn and bislegy.
PRI
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