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ENTTETOK RADIOLOGICAL RESURVEY JULY 1948%

Applied Fisheries Laboratory
University of Washington
Part 1, Organisation and personnel,

.. Durdng May 1948 observations and collections of aquatic specimens
were made at Eniwstok. Following the Runit Island test the marine organisma
collected from the shallow water of the reef north of the test glte were’
flomn back o the Applied Flsheries laberatoery, Ualversity of Washington,
for gvaluation of the contamimation. A report of the findings of this study
was prepared (WFL-18). | | S |

A second collection of biologlcal samples from the Eniwstok area
was made between July 21 and July 30, 1948, after the gompletion of the
fle¢ld survey of Blikdnl., The fime interval betwoen the two collections
allowed absorption of active ma#arials from the bomb burst ’cé becone mani.fsst
in blotic systems. The Eniwetok resurvey of the swmer of 1948 was thms an
extension of the Bikdni study.

Tt
Organization

The radloblological resurvey of Enlwetok was a cantinuation of
the cooperatlve research effort of the Atomic Energy Coﬁﬁﬁ.ééion; t;he

*I'his_report is based on work performed under Contract No, W=R8~004-enp=33
wlth the Atomic Znergy Comalssion and in cooperation with the United States
Na.VY. PRV e s e

5 -

Lty 13 B B



United States m:vy, and the mivorsi& gfﬁahington. 'if mu:étak' thia -
tean $hat functioned so swothly at Bikini was joined by the United States
Army detachment wnder the comand of Major Norman Y, Quist. |

| e Army maintained a sbore statian on Brimetok and provided
mny racilities that greatly expeditad the sﬂrvay Program, Especia.lly
helpful were the transport facilities provided by the a.ir :ﬁarea ‘based an
Eniwetok Island,

- The’arolvatechniual ataffmmersofthemld.ni‘ﬂomcanﬂm‘d :

thewcrk atmimtok. This groupwasmdeup oramm:ottxparinmed
personnel drawn mostly from the Applied Fishkeries I.nboratory, University
of Waahington. Additional specialist.s were borrowed rm othar Universities
for the field trip, E
" In addition to the senior project 1eaders, ong or more Jtmior
mambersvereincludedinsachresearohareatoaidinthawrkanitogain
experience in radiation detsction am'I ths evalnati.on of radia;tion dama.ge. ‘
Wi‘oh the completion of the field. portion of thﬂ projeot the 'MW"
persomnel were returned o their pomnem stations. The etva.hmtion of the
absorbed radiation’ involving prepar_gtign of samples, cm;n;ing-thg _activity,
organizing the data, and writing #he reports has been tﬁé 'iork of.tl'ze | |
regular membars of the Applied Fisheries Laboratory staff,
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Yambers of the Eniwatok Mmm 1948

Asaignment -

Parmanont address and
— “occupation

Donaldson, Lauren R., Ph.D.l’z’B’l*Groupleader and

Soyacur, Aulyn B2
Welandor, m».huz- D, ,Ph.n.l'z:‘*
T'Whiﬁe, Ahsr L.; U.D. 104
Hnllanberg, auo., Ph.n.‘
-mnock, ‘Ihacdore, b b

T:I.nlaer , Spemer W.4

" eld, Echvard" ‘_" WE."
e e ﬂ,,d.A

Xoch, John 3.4
Osborn, Richard H.R#b

Donaldson,” Johm R4

. Radiobdolo
- $chthyolo

' medioal consﬂtazit

blologist
Exacutive officer,
biogtatistician a.nd

plankton work
and

Yarine invertebratas

¥arine biology

larine inverbab:ratas

Biologist, elaotro-—

- nics

T s5ue procesaing,
radiation deteetion

Blologist, photo-
mpmr s
Fisheries biology

. Py

1 Oparations Grossroads, radiomlogy, 1946

Prof, of Fisheriesy Director,
Applied Fisheries laboratory,
Us of W., Seattle 5, Wash,

- Research Associate, Applied

Fisherios Laboratqry, Us of W,

Asst. Prof. of Fisheries and
Research Associato, Applied

mmﬂ Lab., Us of Wa

I.ecturer Iniv, of Mim, College
and Nlcollet Clinic,

Hinneapoug, Mmesota

" Professor af Botany, Uhimsity

. 9f Bedlanda, Redlards, C
Assoc, Professor of Zoolog-,
Oniv. of Calif,, Los Angelss,
Ios Angeles, California |

Director, Waikiki Aquarium,
Univ, of Hawaii, Honolulu, T.H.

Graduate Ressarchy Dept. of
Zoology, UsCel.As Ios An@lea,

'Research Assoclate, Applied
. Fisheriss lab,, U, of ¥,,
Seattle, "I'a.shingbon -

Graduate Research, Applied
Flaheries Iﬂbo’ U, 0of W,
Seattle, Washington

* Student, Uedical School, U. of

Wey Saat le, xfashin.gbon

3tudent, School of Fisheries,’
nive of Wash,., Seattle, Wash.

2 Bud.ni Scientific Resurvay, radiol:!.ology, 1947
3 Operations Sandstone, ra.diobiology, 191.8

4 Bild.ni Scientific Resurvey, radlobiology, 1948 AT
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Part 2, Evaluation of the Counts of Bata-Gamma Activity in Fish Tlssues.

Collecting Methods
The collections were pzrincipal]y_of reef fish but wers supialemx;tgd

%*

by a few specimens caught by hook and line. The majority of collections -
were made during low tide periods on the’ ccral gear in selected spots where-
the fish were most abundant, uaingfinaly mm‘! d‘erris root mimd.‘mths
wmater to ld.ll the ﬁ.sh. In the warn water, the activa ingredient in the
derris root, rqtenone, stunned or killed the fish within e fow nﬂ.rubca. As
the fish a:.ccumbed to the polson thoy were collected by hand or dip net.
Co]lectior_xs were from waters of a depth of 10 feet or lass, usuauy four to
five feete |

Sampling Areas
' During the 10 days the resurvey party worked at Hniwetok collections

of material were mads at,six major collectix}g gstationss Qf the six stations, three-
in the vieinity of Runit, Biijiri and Bogon, were along the northeastern portion
of tho atoll rim meer the tiree tast sites of Runit, Acmon-Biijird and Engebd.
The other three major collections ~Rigili, Igurin and Japtan- were from areas
sevan té fourtaen inilee removed and whers it was expected the contamination
would be slight or at most very mch reduced, ‘

In addition to the six major cellecting stations _material was
gathered as available from a.nchoragas and adja.cent regions,

In Flgure 1, a map of Ehivetok Atoll, the mef collectim areas
are marked with x's. Other fish were caught by hook and line ofi' miwatok
L’irinian and Engebi Ialands

* The outline of thisg report, in general, follows that of the 1948 Bilkini
Reportt;d UiWF1~16, and where applicablo, sections or parts thereof, have been
repeated,
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Date of Callsction . %

July 22 to July 28, 1948.

Groups 3ampled
As at Bikini, an attempt was made to collect at each station the

most common fishes that were likely to be distributed throughout the a.iboll- ‘
At five or more‘ stations the following i‘is&:xes w?re collected; cardinal, dgmsel,
grouper, parrot, squirrel, surgeon, wrasse, esl, goatfish and lizard fish. '
less than five samples were collected of the following; butterfly, mackerel,
flounder, plgfish, tuna, siganid, goby, Jack and shark.

Number of Samples

The collections were divided into two parts, similar as to numbor,
size and type of specimens. One part was used fresh in the field for preparation
lof samples while the other was frozen and returned to the laboratory bafore
sarples were prepared. A comparison of the counts of the samples prepared from
fresh and from frozen specinens was made and although statistical analysis was
not feasible, from examination of Figure 2 it is believed that the differcnces
is not significant. (Also see Table III.) For an exact comparison'the
gamples should be of the same tissue, from the same species, and collected
in the same area. DBy these standards there would be only a few samples for
comparison, To increase the size of the lot for comparison the samples were
grouped by specles and by tissue and c‘orracted:or tissue to body ratio to
zlve the total body count per Idlogram of fish, This value plotied as the
ordinate with the area as the abscissa is the graph plotted in Figure 2, It
is reasonable to assume that the differences that do exilst could arise from
lack of ldentity in species and tissue in the COIIIPaI_'iSOn; and therefore the
samples prepared from the fresh and from the frozen specimens were considered

=10
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Millimicrocuries per Kilogram of Fish, all species combined,
Fy

|8

Figure 2

Comparison of Eniwetok Samples Prepared in the Field with Those
Frozen in the Field and Prepared at the University of Washington
Laboratory, Samples corrected to an August 9, 1948, Counting Date,
Values are from beta~camma counts of Tissue Samples Converted to
Total Body Count and Expressed as Millimicrocuries per Kilogram

of Fish, All Species Comhined.
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to be dm.lar Fog fxxbure oollections t.his mns that serioua oTE would
not be introduced if the spscimens were frozgn in the ﬁe.ld and the samples
'prepa_.redatalaterandmorq convenient time and place.
- Inthe field 78 freah fiah ware used to prepars a total of 474
sa.mples‘./ At t-ha l]nivarsity of ’Taahington Laboratory 67 frozen fish were
used o prepare 4 botal of 363 samplea for a gra.ndtotsl o£145and837

respectivelys
“- Tissuss ‘M’oﬂ

Si‘x tissmad 'nre usually samplad} ald.n, mae‘le, bons, li.ver, gut
and glTls; ' The spﬂ.aeu,kldnay ‘and or ponad wers dsoaémpiedwhenfish o
of ‘mafficiéent sizd wore avallable tuyieldanademto bample, bub of the
837 samples only 18 were of these three tiasues, - | .
we Prep‘l‘&tion ' UL DR DU
~The’ dshing and acid method debérdibed in previous Rikdni {(UFFL-16)
and Eniwetol (AFI~18) reports was followsd., *
_ Tha samples were prepared for coun‘binc' by placing approximately

ono @a.m of tigsue u that moh tis“ue was ava.ﬂable - on a one-i.nch stainlesa
steel plate stamped rron .005 inch stock. The aamples were heated to about .
120° 0. ona hot plato to _remove the unbmmd watgr. Mer tho tissues cha::red,

a drop of olive oil was edded to reduce sputtering., The trays bearing the
tissus reaidue were then placed in a muffle furnzce and ths temperature gradually
ralsed to 370° Go After two hours of heating the bemparsture was raised to -
500° Co and maimtained until a white ash waa obtaingds 4 drop or mare of -

nitric acid was then added and tha sarples yemoved to gool. . If the sample

became hygroscoplc it was reheated to 500° C, and a drop of sulfuric acid
added, k apite of such treatment samples with a high calcium content

o . - oo




remained hygroscopdc. Finally, after completing ashing and upom cooling,
the plates wero mounted on cards, coversd with cellophans and sealed with
Scotch tape. Fish samples that wars prepared in the fisld were not counted
) returnad tb't}w‘“labaratorya | - |
counbingProcedxme T

‘;‘he aamples were mum;ed f.or betar-gama acbivity only ‘The counting
was d.ona @b the Applied Pisheries Laboratory, University of Washington, betwaen
& large mnnbarof ﬁ.sh. a.nd other _pamples to be counted it was decided before-
hand to make five-mimrte gom’ea. (Saa dimmn below under "Error"). Flve-
nd:mte racounts were made of samples uhose net or.i.g.nal aounts were Q to 4
per m.xmte. The coum'.er tnbe was set ina circn.lar lea.d shield with a slid-
ing plate hold.er a.nd :}oinsd with a scale or 64 acalsr. Both prodncts were
made by Victaraon, the scaler boing Model X-327.

Corrections in Comte

nn sample gounts were corrected for backm, for weight of

stmple, and for geometry. For the entire sounting period, the average backe
ground ount was 17,0 per mimte, Using a Ue S, Burean,uf Standard Ra D+B

atandard of, ayprozhnately 108 disintemtinna per second the geomeiry was
calculatad as baing 18.0 per cante Because the actlvity of the samplas was
dimimshing fairly rapidly it was nesessary to correct tha counts to the saxe

day of counting. No correction was made for soaitering, for self-absorption; -
for absorption by air and hy counter window, er for the probability of ionization.

Caloulations

The correction for date of counting was determined from the rate of -
. e LA

-13-

. i
- —
o e e’ 1

K

el
N




g g o e

iSRS ——

decay of sample XB~1l. August 9, 1943, the first day of ccunt.mg, was

chosen as the date upon which all counts would be based. Hence, the count
of a sarmple on some day other than Ausust 9 was corrected by the ratio of
vhe count of sample Xi-11l on August 9 divided by the count of Xi«ll on the
day that the sarmle was countede The values for F-ll wore talzen fron the
curve plotted in Mgure 3. Sample XB-11l was arbitrarily selected from a group
of decay curves, all similarly sheped, of samples from specimens collected
at Eniwstok in May, 1948, See UnTI~1C,

Counts were eventually converted to milldmicrocurics per kilogram

of sanmple by the following formmlas

.. _net count per mimite 7"
mic/kg = “(oanple Wte 1n gns.)(geometyy)(2.2)

If the number of dloimtegrations per socond for one curde is 3.7 x 1010

and this value is corrccted for comversion Yo mimites and then the egquation
ahove i3 converted. to miilirderocuries She resulting vwalue iz 2.2 as appears
in the dencminator,

The total activity per dlogram of an individual fish was caleulated as
the sum of the activity of all of its tismues, This value was obtained in
the following mannert (millimicrocuries per ldlogram of skin) x (ratio of
total tissue welght to total body smight) + (x;pc/kg of mascls) x (tissue to |
body ratio) + ditto for bone + for liver, gic. ® millimicrocuries por ldlogran
of fishe The body ratios, Table I, wore obtainod by welghing the vissues of
one Tish from eight salscted types. Fish, othor than those listed; wore placed
under ong of thc? elcht types as follows: flounder, colurm 1; cardinal; goatiish,
srouper, ldzard, p:i.gf.ish, halfbealk, goby, flathead and parapercid, colum 23
dansel and butterfly, colurm 33 wresse ond birdflsh, colum 43 puffer, coluxfm 63

and jaci: and tuna, colum 7.
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Decay Curve for Sample XE-11l Used for Calculating Correction Factor for
of July, 1948, Eniwetok Samples between August 9, 1948, and Day of Counting,

Figure 3,




Table I, Ratio of Tissue Weight to Total Body Weight for Bight Selected
~ Iypes of Fish | | . .
J-o 20 3. 40 5. 60 7. 80
Fish edl brown  convict parrot siganid squire 2-line ghark
+Tissu@  spotted surgeon == . ral  macke- (eati-
: grouper . ~ S -rel  mated)
scdn 08 064 - W065 114 L026 L1T3 4034 ©.100
msclo.686 .662 . 567 . 591 Q616 .&ﬂ) 0788 . m
- bona 4099 224 - J75 220 - d70 w288 18 - L1%0
liver _0013 003 +»020 05 009 ,007 .,005 «100
CLogab G084 - J0R5 . 18l 55 - L164 L0633 030 100
gills 009 .01 .cm 015 o013 .019 025 050

| Total .999  .999  1.000 1,000 1,000 ;,ooo 1,000 1,000

Lol B e pBLYA

Ratlo tlssus
waight to total
body weight

ek g B

" Error in Wt count at the 95% confldence level was calculated
fron the formils, per cent errar = (K//G) (iuo)' where K is a constant
: equal to 1,96 far the 95% confidence lavel ¢ is the total coumt and 100

AT R IR AR IR

tra
K
L

the correction for par cent

4
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Because of Iide variation, t.he data ware dividad geographically into
two parts; (1) samples rrom areas adjacent to the bomb sites, and (2) samples

AL ANl I SR S R

from areas 7 teo 14 miles ..’;rom the bomb sites,. Of the samplss from area.s

;,UJ\'

) adjacam to the bomb sites the higaest covnts rod.d be expectad from they

area neg;p_est the most recent explosion if decgy is the principal factoras

° Upon this assumption tha hig;hest counts wcmld be expected from samples collected
adjaeent to Runit, followed by Blijiri and then Bogon. ) _ ,

> . The dat.a wors analyzed with the purpose of exti;mting activity by
a.rea, by species, a.nd by t:!.ssue. A.nalysis by area was baaed on the average
total body activity of all specles from one collecting area. Analysis of

activity by species was calculated as being the average total body activity
for one specles from all areas. Tissus activity was calculated as the

il

average activity per Idlogram of tissue for all fish from all areas. \

gy b
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Resulta .
The results are showm In tabula.r form in Tables I and IIT and in

graphical form in Flgures 4 and "5,
mr— Ry :’n a.s . mm‘- sp&! P . .”6 M w e .t . t_.,é, tm . ates
the counts °f tot&ﬂ. body activity avervad 67 nd.lld.micmcxir.‘!.as per ld.logram

of fish a.nd l’ara ihverssly related. to the elapsed tim after tha bla.at, i.e., .
the hi@est @a ‘were from specimena collecwd m tho area near the nost

v e it e e 1 4 s

recent b]ast s Rud$ Island, Beta~gamma activity uf lgecimena collected 7 to

[ IS MU —

14 miles trom bomb m.as averaged 5 mﬂlim.érotmrias per’ k:mogram of fish,

B =

Sea ’rabla I and ngre o .’* s e e

For samples gollacted at Hzm:lt ’ Biijiri and Bogon. the h.‘l.ghast
average tissue count was 689 mi11im érocuries per id.lom‘an of gut shich
indicates that the ﬁsh had besn reedmg upon ca:-ganima oontd.ning radioactiva
materials. Thg a.mage 211 count was 210 nﬂ.]lim.oroem'iea per kilogram of
gill but ms J.m.'val;r dapandan‘b upon om sample ‘the cnisaion of "hich would
reduce tha avere.ge valua trom N0 4o u This singls hi.gh sample count
probably msul‘bed rrom .speck cantaminaticm xi.me the cuunt of other tissues
of the samafish, a shark wempracticallyW Id.?arwasmxtin
value faﬂ.lauad bybone, sld.n, ‘and - mus,cle. For tissue cm;m'.é, sae Fivure 5
T

| Tweniy-faur gmups of £ish mra sampled of whichthedamsel, ‘surgeon,
goatfish, and parrat from the bomb site aveas gave the highest total body

activity, For the damsel and aurgean this value was calzulated as being
180 millimicrocuries per kilogram of ﬁ.sh. For the total body activity of

the other grmps see 'l‘abla II.
17~ N



TABLE 1I.
Beta-Gamna Activity by Area and Speoies of Individual Fish From the July 1948 Eniwetok Colleotions

Expressed as Millimicrocuries per Kilogram of Fish

Area E 5‘ ~ rl y s o "g
adjaecent » < - Se L]
oo | 21 Sl S| 8l 5l 5|8 |F|E] & AR [ s 8| 2
0 - © b 7 o 9 M .s g ] ¢ o]
sites 3 E < E E E : i E- é o k " 19 © - 2 ki (Y]
il 8 Ela] & AR ENERE: o £ & [frorn
363 | 528 87 130 7 74 b 22 20 6
Runit 613 | 438 40 114 (23 264 98 21 66 10 15 10 2870
3
40 | 40 41 22 8 8 18 3 8 §
Biijiri 104 1124 | 412 72 84 45 30 41 21 7 14 8 1351
47 147
Kirinian 38 36
11
Engebi 8 19
1 87 57 ] [ [ [} 9 29
[ Bogan 107 123 26 42 101 6 82 1 46 7 12 18 7 5 ™
[0}
. - =
Totel 1261 1267 877 380 71 180 376 52 211 41 46 21 113 122 76 26 30 [ 1 4853
n 7 4 [ ] ] 1 3 [ 1 1 2 1 [} ] [} 3 4
Ave, by
Aress | 180 180 1] 76 71 3 [+] 52 42 41 23 19 5 18 ? ) ) ]
Area ?
removed :
from bomb b ;
sites * §
— 18 < 10 [ S 4 4 [ 1 [ -
T Bigild 19 3 10 17 18 4 § [ 7T H 0 1 3 3 3 170 28 1 ‘
- 16 2 -
11 10 s 7 [] 1 1 '
~ Igurin 11 11 4 T [} 4 21 [ ] 2 11 1 r
1
Eniwetok : [ ] 8 2r ]
) [ [] 0 3 , & 1 0 1
~Japtan 4 7 8 8 2 2 2 0 H 11 3 3  § 82 24 3
7 0
Total 60 4“ 20 31 8 36 38 22 [ 14 64 11 9 ] ] 8 3 3 5 3 h
n ¢ & 4 3 1 5 9 5 1 4 9 & 1 7 1 s 1 1 1 1 B
Ave, by
Areas 10 7 5 10 8 7 4 4 0 4 7 3 9 1 [} 3 3 3 ] 3 S




| Table TII

Beta-(amma Activity of Fresh and Frozen Fish Tissues by Areas
Expressed as m.llind.crocuriea per Kilogram of Wet Tissus for

all Species Combined.

«]Ge

Ty y ‘.L

area CQut (411s Liver Bone Skdin Huscle
adjacent to - Total n  total n  total n  total m  total m  Gotal n
borb sites L
Rumit,  fresh 12083 11 665 11 1521 1 833 11 40L 1 174 1
frozen 13616 12 2067 11 1465 10 247 12 U9 12 169 12
Diijiri, fresh 3316 12 8816 12 a1 12 290 12 534 12 15, 12
+" feogen 4754 11 1008 10 513 8 1908 11 1746 11 65, 11
Jogon, frash 4706 10 373 11 1580 10 186 11 42 1 15 11
- frozen 3903 10 Vo S 458 4 166 10 92 10 68 10
Kirinian, fresh ' 0 X g8 1 25 1 166 1 0 1 o 1
Engebi, fresh 18, 2 14 2 12 2 18 2 36 2 1% 2
C motal - 47562 69 13428 64 6595 58 3814 70 350 70 1350 70
. Average 629 210 114 54 0 19
from bomb ;
gites ‘ !
Rigili, fresh 58 15 90 15 219 15. 25 15 76 15 W 1%
.~ frozem ' P5 13 557 13 m 4 97 13 27 13 93 13
Tgurin,  fresh 283 9 15 9 R5 9 % 9 29 9 29 9
° frozen 203 7 35 7 0.3 6 7 2 7 5 7
Japtan, fresh 121 1 - 31 11 47 11 L 1 22 11 24 11
- frozen 143 12 197 12 3R 7 35 12 9 12 64 12
Eniwetok, fresh = § 5 23 5 e 5 17 5 19 5 2 5
Total ~ 218 72 1083 R ¥4 % W M 486 T 3B T
Average 29 15 25 5 7 -



Figure 4e Average Tobtal Body Bebta-Gamma Activity of Fish by Areas
from Reef Stations, all Species Combined, and Expressed
as Millimicrocuries per Kilogram of Fish. Areas listed
in an East to West Counter-clockwise Direction About the
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Error - T . B e

"fhe peroentage error in counting and hence in estinmating activity
13 dependent upon both the activity of the sampls and the length of counting
period; and tharefors 1s less for samrles of Mgh aetivity &s lang as the
counting perdod mnim! constant,

In general, values of lass than five millimicrocurles per killogran
are of questionable xignificance, Such X value would resmlt if the sample
weight ware 1 gram,; the geometry 18%, and the net count per mimte, R

;' Gounting time was five mimites (see Woounbing procedure?) exeépt -
‘for those samples which had origingl net sounts between 0 and 4 per mimtas,
n this abs the sawsle was recounted for five mimtes and the averagd based -
on a 10-mlmte counting periods, Of the 837 samples, 230 (27.5%) counted
‘ ba.clggz;o:;d or less. For the rema.ining 607 samples, the eror in coun‘-ing )
, (aee page 13 “Cﬂ.mﬂ,ations") was divided hy the net ycount, :!..e., sample -
| coun't leas ba.ckgroum, "five a value for the per cent of error in the mt

.
coum',. | For 86 samples (Uo%) the arror was twanty—ﬁ.ve par cent or less,

frn' ’72 samples (12%) the error was bet\men trenty-ﬁve a.nd ﬁ_fty por ;e;ﬁt,
for 178 samples (29” ) tho STTor Was bemen fﬂ.fty am one ndred per cent,
and for 2‘70 aamples (4%) the error was greater tha.n one Htmdred per cent.
Tha majority of samplas with ba,ckgrmmd count. or lesa a.nd *vith lmr coruzrbs
| and eonaequantly with hig,’n percentage arror in nst count were from specimens
collected at Rigi.li, Igurin and Japtan. B _
” ]h astimtint, th.e a:verage total ‘z:odar activity in d:z.fferent areas whera

v

speciea differ there may be a sli‘,_,lxt crror dne to ths fact. +hat some species
nay be more radioactive tha.n Gthers. The error was minimLed by at*empting to

2D ol iV b




colloct the same species from all areas,
The calculation of total body activity assumes that the body ratios

of Table T are valid., It is knom ttat body ratio varies with size, age and

stage of mturity of individuals evern of the same .speclss and certainly between

individuals as categorized in Tabls 1’, but the error 1s relatively insipnificant

as eompawed 6 the percentage error of the net count,

" Prom techniques recently developed for preparation of calclum
carbonate samples fur ashing there 1s strong évidence that some astivity ’
nay have been driven off by the ashing techniqus desecribed sbove. See UAFL-16,
page 20, “Thus, 1oss by ashing and by the uncorrected factors listed above
have given minlmm values for the estimates of activity recorded in this report,

Swmary,
Collections of fish were made principally at three reef stations -Runit,

Biljiri and Bogon= in the vicinity of the bomb aii:.es ard at three reef stations
7 %0 14 miles removed from the bomb sites -Riglli, Igurin ard Japtan, The
collection also included a few fish caught by hook and line, From 145 fish
837 samples ware prepared. Only beta;_-gazm counts were made, The counter
was calibrated with a Ra D{E standard. No great difference was found in
comparing samples prepared from fresh with those from frozen @ecimens. The
average total body activities for all species coxzﬁ:ined wers 116, 56, and 35
millim.crocuries per Ld.logram for Runit, Biijiri, and Bogon respectivaly and
6y, 7, and 3 for Rigill, Igurin, and Japtan respectively. The first three
stations are listed in reverse chronologlcal arder relative Lo time of
sxplosion, For the bomb slte areas the greatest amownt of total body activity
Was found in the damsel, surgeon, goatfish, and parrot fish with the value for
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the first two being 100 millinmicrocuries per Klogran of 2ish, Values g?r

thor specics arc listed. The betamcamma activity of fish sicsues for all
specios combined from the bomb site collscting areas expressed ~g millimicrocuries
per kilogram of wet tissue was 689 for mut, 210 for gills, 114 for liver, g4 for .
bons, 50 for skin and 19 for mmscle. The counts were correctod for background,
for weight of sample, for zeometry, and for datc of counting, Because there

was probably some loss of activity during the ashing process and no corrections
wera made for scattering, for self absorption, for abzorption by a.ira.nd by
counter window, or'for the probabilivy of ‘onization, the estimates of activity

arc mnirmm valuess




Pa.rt 2, Evaluation of the Counts of Deta-Gamma Activiw of Algac Samples.

L

In ’che preceding discussinn of the betapgam activity of fish, the
sections parbain:mg to collecting areas, dat.e of oollection, sample prepa.ration,
counting procedure, correction in ceunts and calculations are also a.pplicable

to the a.lgaa datae

.. Golleoting Hethods
" Saumpfles were gathered by hand in the viein{ty of the fish eollecting

gtations In waters five feet or less in depth. -

Groups and NMumber Sampled

An effort was mada to collaect the same germus in all areas for
comparative purposes, However, only two genara were collected at all of the
six major reef collecting stations, Sixteen gensra plus one general group
were gathered from all at.ations_and from these; 64 samples were preparsd and
counted for beta~gamma activity. The samples wers walghed wet, that is, the
sauple was removed from a bucket of salt watar; drained btut not dried, then
weighed, The sampl s were counted betweeﬁ Jeptember 24 and 26, 1948; but
were corrscted to the same eount:ing; date as the fish samples, August 9; 1948,

As with the fish samples, recounts wers made of those samples with
net counts of 0 to 4 and the data of the two counts averaged.

Analysis of Data
Activity was calculated as nﬂ.llimicrocuries per kilogram of wet

tissue, The average activity for all groups of algae from one area wasdetermined

as well as the average activity fron all areas for one group.

RN
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Results

~ Dxpressed as millimicrocuries per kilogram of wet sarplo the average
valus of samples from the collections in areas adjacent to the bomb sites
was 10)01' and ranged fron 0 to 5335 for individual samples, For sauples from
the opﬁer a.rean the average was 79. Tadividual samélau yanped fron G to 544
Saa ‘m,hle I¥ and Figure 6. The highest counts were of samples of the gemus
Bryocladia.  Values for other groups of'algas are listed fn Tabls IV. Since
there ars only a few samples for each alg, a.nd there is wide variation within
_g%oups the relationship between amount of activity and kind of alga as shown

4m Table IV is of doubtful meaning,
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TABLE IV

Beta-0amma 'Activity of ilgse S8amples by Area BExprassed
as Millimicrocuries pexr Kllogram of Wet Sanmple

near bonb site areas 740 14 niles fron bomb site areas
Runit Engebl Blijiri - Bogon Average Rigilt Igurin Japtan Average
Bryocladia | 242 542 316 36
Sphacelaria 405 - 4705
Blue green 2390 780, 391 2120 1) 8 95
Pococklella 5335 s =3 2086 23 23
Rnipilia 197, 220 1097 0 W
Polysiphonla . 845 845
Dictyota - xR - 8xR ) )
Wotea 1640 384 29 73 544, 480 202, 28 19 255
e s w w owm aom s i
1l crodictyon ' 508 508 L
Ectocarpus | , a5 as 25 15|
Dictyosphaeria 9% 3, 274 141 ) 22,38 22,23 ‘3
Halimeda o 194 0,49 1%, 1R R, 78 91 4,115 6,1 8 O .
M morbtnara 47 i o
1§d Iithophyllum 40 40
%‘2’5}23 mtosa | % 38
¥ iiydroclathrus , , 28 28
?C‘;:izsk. )rgéexz:a. 13 13 o, 1 0, 0 0 0
TOTAL | 2282 48R 135 1298 32027 1|5 491 231 2597
n 10 5 10 7 x 10 12 10 %
Average 2284 970 314 185 1004 182 A1 23
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Figare 6. Average Beta-Camma Activity of Algae by Areas
Expressed as Millimicrocuries per Kilogram of

Wet Sample
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Part 4. Evaluation of the Counts of Beta~Camma Activity in Invertebrate
Samplas,

Unless noted, methods and procedures are the same as described
in parts 2 and 3.

The invertebrate coilections were from shallow reef waters in the
nc:l.hity ot the gix fish collecting stations plus one additional station at
En@bi Genera.l observations made at Engahi are not.ed in part 6.

 Some of the smaller mvert-ebrate groupa were combined into the more

| ganera.l gronps movm in ‘!‘able V. Altogether | 191 samples were preparsd, -some

" in the fleld and some at the Mversity of Washington, and were counted
A\betmen Auguat 1948 and February 1949, uost of the samples were counted

dnring Azust and a1l wers corrceted to the August 9, 1948, counting date.

}L there were Bore than one tissue trom a gingle specimen the average valua
of all tissues, without weighting was used Lo calculate average caunt by

‘”group or by area.

,Re;;llts BT R
The individual and average beta~gamma activity estimates of inverte-
brates 'by grqups and hy areas are tabxﬂatad in Table Vo In Figure Ts activ:!.ty
estimtes by areas, of all samples combinad are shown as a histogram. This
‘aiffers £from the histograms of Figures 4 and 6 in that the value for Runit
i3 the lowest of tho'bomb site aréas; (evaa.:x lower than Rigili) whereas for the
fish and algae it was by far the greatést. For the other areas the valuss are
similar, The average count emessad a.a mllimierocuries per kilogram rangved
from 29695 at ,..ngebi to 10 at uaptan '!.'he highest invertebrate counts were
those from samples of the sponge with t.ha highest Individual count equivalent
to 19722 mmuc/kg. Other invertebrates with individual values of 1000 or more

2 12/ig wore crcel, starfish, coral ‘:mdsnail. For the complete ligt see Table Vo .. .3

L
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TABLE V

Beta-Gamma Activity of Invertebrate Samples hy Areas Expressed
as Milimicrocuries per Kilogram of Sample

Bngebi BHI Bozon Runit Average Rigild Igarin Japtan Average
sponge 19722 oo 63 . 1245, 73
4440 177h 843 5312 329 17, 7572 1090
starfish 5640 17 - 3518 L 166 - a 14
crab 6269 802 119, 154 205 1510 145, 118 19 4 72
oyster 92 - - - y 922 |
octopus 666 666
snail 16 718, 7no . 98 ‘ 536 45 2 4 34
coral 2482, 2572, 54 44, 2 252, 435 185, 47 488 210, 94 15, 78  17; 17 ]
107, 3% 100, 94 76, 98 0, 3 0, 0
sea cucumber = Alb . 263 1‘78 242 300 18 9 14
brittle star - ., - 348 ) 130 264 )
clam 172, 1;:;5 106, 34 149, 170 183 154 a2 15, 9 3 27
ascidian L1535 1s {
barnacle 56, 106 2 61 |
shrimp 3 , 60 60 |
urchin | 83 20 90 64 127 7 6 o
nemertean | 6 6
tunicate 4 . - 4 E
sea slug ; i 0, 5 3 1
TOTAL . 3R655 18976 6934 2267 60832 4501 379 132 8412
. n ib g 14 15 11 5 13 19 13 45
! Average L2969 1355 462 206 1193 346 199 10 187
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part 5. Evalustion of the Counts of Deta~Gamm Astivity of Plankion Samples,

Plankton taws? as time permitted, were made in the lagoon, Two
types of nets were used, a standard cne-meter lMichael Sars nst constructed
of M4 and R4 xxx silk grit gauze and & smaller 12* marine type towing net
constructed of silk of 125 mesbes per inch, RHauls were mads off Eniwetok,
Engebi andlmonanchoraga. ~ One sampls from each of 14 tows was prepa.red
in the field and were cmmbed at the mimaity of Washington I.aboratoary on
Angust 6, 1948. | : C )

‘.l'he M cmmts for all sanplea, ucpresaod as mill{microcuries
per Idlogram of daup, drained sample are given in Table VI, e highest
counts were of aai:r:l;’[:'laé:T from the waters near the bomb sites. How;vvér, the
nost tbrﬂdng featm h@rding the plmﬂctm tows was the ract that the counts
of the fine meshad ns‘b were cons:!.dera,bly greater than thoaa rrom the eoarse
net, Ths Bverage values were 1402 and 38 respectively, ~The greatest value
for a single tow was 5684 m uc/ig,

~Rm



‘Teble VI.

Beta-Gamna Activity of Plankton Samples Expressed
- &8 HMillimicrocuries per Kilogram of Wet Sample.

33w

Area Dats Hour 1 m. 12" Average
: . . net . fine . .
net
Eniwstok  17/23/48  3:40- 4:40 P.M. 13 11 ’
S w . 1/28/48 10:05-10135 P.M. 36 - 423 = 21
‘Engebi - 7/25/48 10:15-11:15 A.M. -7 1297
" 7/25/48 10:10-10:40 P.u. 49 445 430
Aomon - 1/26/48 - 3115~ 4315 F.M. 8 . 437 .
" 7/26/48  9:45-10:15 F.M. 140 5684 1299
w - -7/27/48 10:00-11:00 a.M. 10 1517 -
- Average . 38 1402

///
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Part 6. mderwater survay oftln]_m gone g.djacenf :to the test site
on Engebi Island, '

A survey of the reaf area north of the crater on the tip of Engebl
Izland was made on the morning of July 26; 1948, The notes on this trip
present some qualitative data pegarding the damage to the forms living in
. The four members of the arty surveyed s equilsteral triangilar
plot on the north shore of mgohi Island just north of the four ooncrete bases
in the middle of the oratar, The first leg of the Yriangle extended nortlmest
a distance of 350 yards. The gecond leg was eastward for about the same
distance, and the third leg returned southward to the point of origin., All
members of the party were equipped with face masks and explored the area by
diving, wading, swimuing or observing from a rubber boat. Bensath the surface
cloar water permitted good vision,.

The recorded obgervations may be summarized by the following
statements: ’

The area of kill was shown by the presence of skelstons of the
sadentary forms likes clams and coral.

A1l coral and clams were dead out to 250 yards on the nortlwest
leg of the triangle,

The first live coral and clams were esen 50 yards from the shore
on the third leg of the triangle.

Appreciable quantitiecs of living coral and clams were observed
300 yards and farther from shore on the northwest leg and 150 yards on the
third leg.
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dayse. Thsse clam wera agape with thn s0f% parts in various stages of decay.

Bhtila foms such as fish, sea&:ucunbers and sea urchins were seen
alive close to ahom, possibly ‘nav:.ng Mted from surrorumn.ng areas to
replace forms that had been ld.lled by r;daiﬁt;;;n, ’

2 pa . _
At thi-_- bomb :;est there was an z??:rtunity to obsem Possible
differances in telerance of varicus se&ntary animals, No ﬁ.ﬁ'erences
apoaared m the prc;i;;y: to the crater &b whish living antaals ‘belonging

RESE 1 A Tey

to diffarent zoological grcups, (egs lclam and ooral) were found,

Algaa contimad to arow in f.he u'ea, ‘even close to shoro, vhe:ce
Paonty :
other orga.nisms mre dead Fish were ohsn.'n& reedmg on thia algae that

£ .

had unduub‘bedly absorbed ra.dioactir ty. e e




Part 7. Sumary and Conclusions

| lhrina ‘organisms including fish, imertebrates, al@e; and

planicton were collected at Bniwetok Atoll between July 22 and 28, 1943,
Practically all specimens except far plankton were colleqted in the shallow
waters of the Tesf. Plankten tovs were mads in the lagoon as tiag alloved.
T rea sollsctions were made st six for station, thros of whish wero
noar the bomb test sites, Procedures uged in collecting material wary
siniler %o those for the 1943 Bikdnt Resuwvay, L

Sanmlasraremparedbcth..nﬁhgﬁeldfromfreshspecimmm
in the hboratozy at the University o.t Wan frm frozen spec:lnana.
Cmugi;,a_or_ mles prepared from fresh specimens were sﬁm.lar to like samples

fromfrozenspecimns On];rbata—gmma.oamtamemda. Thecountaware

corracted far background for weight o.f aa.mple, for geometry, and i‘or date

of counting but were not correoted for seatterinz, self-absorption, for
absorption by gir or by counter-window, gr for the probability of ionization.

Sincg the fa‘ct’qrs*ror which the counta are not correatedrml‘cﬁi_ chango the
values i,n a i:oaitive direction only, the estimates of activity as recorded
are minimm values. . _

_ Samle gounts of radicactivity ware converted to sither milli-
miarocur:!.es per kllogram of sample or millimicrosuries per kilogram uf
organism, Analysis was made of the distribution of a.ctivity by tlssue,
by species, and by area, The activity of fish, algas, and invertebrate
samples frgm areas near the bomb test aiteg was sa mch greater than similar
samplpa _{rom areas 7 0 14 miles removed from the bomb test slites that thg ‘,

data wore so categorized,. o
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For the fish amnples. the average Mh«w mm.ties for 1
species anmbd.nedwarellé 5%, MBSmDmM,parmogamfor '
Runit, Biljiri, and Bogon respectively and 6, 7, and 3 for Rigi1i, Igurin,
and Japtan respestively, For damsel amd surgeomn fish oou.m naar the
bomb site areas the average total body activity was 180 milltmicrocuries 2
perk:!.‘!.c*grgmoti‘in!x. . The average tlasus eounts for all ‘speciss eo]_],ec‘l_',ad
near Runit, Biijiri, and Bogon ranged from 689 for gut to 19 for mmscle.
‘The gverage value of the mumber of miilimicrocuriss per kilogram
of algas for the areas adjacent to the bomb sites was 1004 as compared to 79
for the areas 7 to 14 miles removed., Individual sample values for algae
ranged from 0 to 5335 and in general were considarably greater than the
activity of fish samples, ]

The invertebrata collections inaludad such animls as sponges, )
craba, starfish, corals, malls, oysters, warms, urchins, clams, sea cucumbers,
barnacles, shrimps, and sea slugs. Counts of invertebrate aamplas were
higher than elther algae or fish. The greatest value was 19,700 milil
microcurdes per kilogram of sample for a spongs collected in an area near
a bomb test site.

Activity of plankton samples from the fine-meshed nets was
approximately of the same order of magnitude as the algae. The avaerage
valus Was 1402, the greatest single value being 5684 mmc/kg of wet sample,
From similtaneous tows of a coarse-meshed and a fine-meshed net the estimated
activity of the latter was 30 to 40 times grsater than the former,

This report does not completa the evaluation of the material ]
collected, Studies ars needed to determine the presence of alpha contamination,

\-W\A’“‘
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Chemical separations are needed to d.m“. : — o and ths -

amount s of the elements contributing o thl tctiviw.

Since the metabolism of plants &nd uﬂna‘u involves complex
biocloglcal processes time is required fur the radiﬂmire elemants to
produce their affect upon the arganisms, ani thmf.trc contimad observation
and study are essential to furthar memm&udmmum This
is especim,ytm of the Bximetok experimants torﬁhaymtom an area

of study leading to a better understanding of oontmﬁodhm axd water

mé.mm
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