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ABSTRACT
Tbe objectives were tcx (I) ●uvey the gamma radiation from fallout-contaminated ocean areas
by means of ●erial detectors and (2) from the ●erial detectors make air-absorption measure-
ments so that the data might be related to the ~f rates at S feet abve the sea.

~~ Y4aircmft that mrveyed the ocean areas of expected
fallouUftiSbots Cbarokee,-Bunl,q4atbea~ J4avajo, lfohaw& and Tewa. A control center co-
ordinated all atr and sutiace ~dtatton-survey ●ctivities to insure complete coverage of tbe fall-
out area. l%e contamination densittes b the delineated arm were related to the percentage of
the total yield thatproduced ftssion products. Gamma-isodose plots were prepared from data
obtained during Shots Zuni, Flathea~ Navajo, and Twit. N& fsi~~yt~qid be located following
-t Cherokee and only on ●toll tslan&_titer, Shot Mohawk.

J@@Jand-surfac;8hot4 c~n@&ated l~@O ~&~~.ti~@-~e~_$~_4~:c.ent of M fission-_____ .—
~roduc~ie~.

Navajo, a inter-surface sbt, contaminated 10$500 naut ml* wttb 50 percent of the ftasion-
p~uct~ield. After Fiathem$ saotber -ter-surface shot, the outer ~undary could ~t bS
determined because of contamination of project aircraft on D + 1 day by airborne radioactive
material that resulted-in a high background. However, extrapolated values tndkate 29 percent
of its fission-product yieM”~ present as fallout in the local area. The fallout from the wter -
surface shots ~ concentrated primarily in tbe more remote areas, and ● relatively small
amount fetl close to ground zero.

%-. 8 re@di!!QUx@~ .4500 saut ml* of ocw wttb 28 percent of the ft@on-
fmoduct~ietd.

J“
p.\.

Helicopters and P2V- strcraft were used to gather data for atr-absorption measurements.
The aerial-survey technique may be used directly for radtologicd surveys over land. Over

the sea, the depth of mtxing of the fallout in the water volume must be determined before the
sumey results may be converted to equivalent land-fallout contours and contamlnation4ensity “
distributions. Data on depth d mtxing was obtained from samples of sea water collected by the
Us. Naval Radiological Defense Laboratory and the Scripps 2natMute of Oceanography. Repeated
●ertal surveys provided information on the stability d the contaminated volum~. .
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‘ PREFACE.
1

Patrol 4uadrcMI ONE, U.S. Navy, operated the aLrcraft used for the serial eurveys. The suthox
gratefuU$ ●cknowledges the diligence and high professional tompe~ which contributed so
much to tbe project’s operaUo-. “

Commander KeUy, USN, ~ the Atr ~ficer’ on the staff of
CXumnader, Task Group 7.S.

His efforts were resp>ndble for the fulfillment of the project’s atrctit reuutiemen~.
Members of the Health and Safety bboramry, U.S. Atodc Eoergy Cornm@sio% who pe.rtic-

tpated tn the field operatIo~, and whose contributio- are gratefully acknowle~ed Me L Whltiey,

G. Hamad& S. T%xras and T.-”French of the Analytical Branc& E Sadow$ki 8nd F. WLlson of
the Instruments Branch and IL 0’Brien of the Radiation B-A
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2.1 SHOT PARTICIPATION ●.,

Prior to the o~ration, ●erial surveys were scheduled to follow @ote Cherokee, ZunL, Flat-
bead, Navajo, Apache (secondary participation), and Tewa. Because Shot Cherokee was delaye&
Program 2 requested that tie project add Shot Mcrosse to Us schedule ,ln order to give the ●ertal
survey an opportunity to obtain operational experience. However, thts smfey m c~celle4
because flight clearance below. 1,000 feet tn the region of Eniwetok Atoll could not be obtained. -

A change in the Apache scheduling introduced a conflict wttb the project’s parttctpation durtng
Navajo. Tbe new schedule called for dual capability tnvolving both Enlwetok and Bikint Atolls.
Participation tn Apache was therefore, canceled.

Because of the long waiting period between P’latbead and Navajo, the project requ~ted sec -
onduy partictpatton M Shot Mohawk.

Preshot surveys were flown before the Navajo and Tewa shck, based ons Pmgmrn 2 reques~
to define the background status residtlng from the fl~w of contaminated lagoon water over the
reef at Biktnt.

Helicopter missions, for attitude -a@o.@bn da% .werx ortghally scheduled after Shots Semt-
s&&Oha~a~@fla@o:--~~i8*ioa for * latter m Bubsequentlpcanceled at the request
@.tbg projec~ because of ● shortage @ personnel. Durtng June and July, lt was aecessq to
assign two technictana to Kwajeleia to service the ●erial-survey c!@pmerkt; thei~ore, they were
no longer available for on-site operations.

The project operations ares umrmrized to Tkble 2.1.

~mjee~ @ Program 2 stud&d different phases of SdlouL ~roject 2.64 developed tso-
dose Plots of the-contaminated ar&>@aL&ur~. The operations were primarily to secure
●erial survey data; subsidiary measuremen~ were performed to support of tbts objecttve to
correZate this data. Altitude ●bsorptbn studies were rquired to vertfy the correction factors
awd ta retating the aerta! susvey to 8 reference plane S feet above the stiace.

[

2.2.1 Aerial Surveys. F9uxQZV-5 aiiz rafl =ere-stgned for 4be +roject operations, and
pere admints-tiygl. attach.#d to we *ckMy ~uadro~ Patrol 4uadron 1. ZhceLOfMS d.r:
caf@me_mIPplied from outside theq- ~ tie fOU* me from f* ~skn~ s~ef@=

- Tbe ●quadronprovided 41. maintenance and Opemtbti mtrol.. ~ com~l ~ s~t~ ~ ‘e——. _
Program 2 Control Center on the USS Estes, AGC-12, during the aertal-survey fltghts. me
Air ~rationa Officer, Task Group 7.S, assumed prhrmry radio @ during thla period.

The ptan of the project 8ir control tn the Program 2 Control Center ts shown tn Fiire 2.1.
. me communication routtng ts shown tnPigure 2.2. The telemeter opl-tor logged all tncomtng

radiation readings, whtch were kmme~ately recorded on a ttme -based continuous P1OL Naviga-
ttoid informaUon w received from the radio operator on Channel C (6693 kc). Tbe Project
2.64 Operations ~~cer correlated the nkvigattonal and radiation data On me rough fligttt%ontrd.
eharL Tbe plotter transferred this information to the tactical tsodose plo~ under the 8upCf11- “
sion of the 2.64 Project Wicer, who used the flight and isodose charts to determine the ne%t -
area of se-h for each aircraft. The operations off~ccr bid out the requkd navigstio~l ti-
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●rences for the designated fltght legs ●nd transferred thts information to Che working fllght log.
The -k Group ?.S Air @erations Officer reviewed the legs for flight safety, ●nd the iaforma-
ttoa wa$ H~Y~ m tie appropriate aircraft by the radio operator.

D-day fltghta used one aircraft, with ● second aircraft on standby. The flights were limited
to the upwind areas until active fallout hkd ceased. &rface ship reports, received by the Proj -

TAB= 2.1 SUMMARYOF PROJECTOPERATIONS .
0

*t Date Ttme bcetlon Aerial AMtude

twvey Abeor@lon

. Cbeioiee 21 Msy 0551M

Zuni. ”26 MY 0566M

SemLaole 6 June 125SM

Fmbead , 22Jma 0626M

mob-k J July OS06M

Navajo 11 July OSS6M

.

Tewa 21 July OS4SM
.

. . .
.

.

BiMnl

BLkini

mhwtok

Em

Emluwtok

BfktnJ

Bikial

D-dey
D+ 1

D-day
D+l
D+2

D+3 .

D-day “
D+ 1
n+ 2

v+ 1
D_~O
D-20
2nay
D+l
D+2
D+$
D-19 -
D-day

D+ 1
D+2
D+3
D+4

.

D-day

● Pmebot surveys ef lagoon water outside tk 8tkinl Atoll.

●ct 2.63 remeseatatives tn tbe Control Center, indicated when fallout bad stopped tn the close-tn
downwind ~ector. The, aircraft WLSthen doat&lled through the area to limits descrbed by the
ship report& The D-day flights delineated the upwtnd boundary and obtained some tnteasity
readings la tbe radioactive area trnmediately downwtad d grmad zero.

* aircraft were used on D + 1. One delineated the close-tn radioactive area and coaftrmed
the, upwind boundary located on the previous day. The second aircraft flew an”extensive search .
pattern to locate the edges of the contaminated -.

Tbe D + 2 survey re-examined the overall coritazninated area. One aircraft w& USUSUYsuffi-
cleat. However; tbe Tewa pattern waa ~o large that two atrcraft were Deeded. Flights oa sub-
sequent days used one alrctit and tracked tbe area until the dose rates became too low for
tiequate delineation.

8urvey data whtcb delineated tbe outer boundary ●nd points of taterest in tbe faUout pattern “
were plotted ta the control center to gu!de tbe Project 2.62 surface ships wtth U@r oceanograpltic
Surreys. -

During the period prior to the oext shot, each aircraft was s&eduled to spend ● day on Site
Fred for instrument calibration and service. Two technlciahs calibrated each radtatioa detector
at 2WajaleSn prior to ●nd tmmediatety fotlowing each survey flight ●nd returned the Zbp Hat de-
tectors to Site Elmer between shots, where a complete routine battery change sod recalibration
was performed. .
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2.2.2 Altitude Absorption. Because considerations of fUght safety limit the minimum altitude
●t which airctit csn fly over water, ●utomattc gamma monitors were mounted over the sides of
two ●hips of Project 2.10, to measure the gamme-radiation field at S5 feet ●~ve the sea surface.
7bI$ was to provide low-altitude readings simultaneous wtth ●ircraft passes b the same area
●t higher attitudes.

. .

Survey airc~t made ●ltltude-calibration passes over Wands of the Enlwtok Atoll after Shot
Mohawk. After Shot Tewa, the P2V-S dropped ● smoke light in the open sea to be used as a “’
Sig$tion$l reference and made altitude passes in the vtctnity. These da~ ue examined for
the rartation of mdiation reading between different flight altitudes and gtvea la Section S.2.

Beltcopter mlssiona, after Shots Seminole and S@awk,- obtained’ date stmiSar to the ●VMude-
eorrectkm-calibration data coUected by the survey aircraft. Because the helicopters could oot
safely hover at low altitudes, complete information could mot be obtained. 2! @d been pbmd to

obtain gamma -eaergy spectra d various aLtitudes above ● contaminated surface., The 7bp Bat
dose -rate responsewas to be compared to the gamma-energy specba to determine whether the
assumption of atr-equipment response was vatid. However, tnstruroentation difficulties and the
limitations in hovering altitudes resulted tn fragmentary data. The survey using s sctn=eter
obWned ~se-rate readings at altitudes between 25 and 1,000 feet.

, c.P
..

2.3 INSTRUMENTATION

The major Instrumentation consisted of aerial radiation detectors. scintillation survey meters
and shtp-mounted gamma monitors were used for measurements relating to aUKude-correction
facto-. A spectrometer was used to obtatn the distribution of the gamma energies at survey
altitudes. fie instruments are described tn Appendtx B.

/
2.S.1 Aertal Survey. Each of the project alrc nft had the foUowing equtpment: (1) Tbp Hat

aerial radiation detector, EASL TH-10-B (AppendLx B); (2) detector control =$embly, ~L
TC-14-A; (S) strtp-chart recorder, E8terUne Angus Co., AW; (4) telemeter assembly, EASL
TY-3-X; (5) power supply, HML TB-6-A; end (6) radio transmitter, U.S. Navy ART-13. The
permanent components were Iaatalled by the Overhaul and Repair Ikp?~men\ U.S. Naval Alr
f$tatIoq Ataine&, Caltfornta, ● the air station prtor to @eration Redwtng. The removable
components were installed by project persomel after the squadron deployed b the EPG.

The location of the assemblies te idtcated to Figure 2.3. Tbe radiation detector was mounted
aft to avoid the major areas of ●trcraft contamination, namely, the engines, oil-cooler atr in-
takes, leading ●dges of the wings, propellers, ●nd front of the radome. =e cabb intake ?eat$
were sealed to prevent contamination of the tntartor ductwork. Ttre control assembly and the
operator were placed forn~ next to the navtgator. Thts facilitated close correlation bet~en
the navigational and radiation repxta. The remainder of the e@prnent was located on am
svallable-space bests.

Tbe relatkmehtp of the various sections, both in the atrcraft and in the Program 2 ~tkl
Center, te shcp in Figure 2.4. The radiation detector and Its associated control assembly
drives a strip-ct& recorder to provide a permanen~ continuous reco.ti of the radiation Ioten-
s!ties as measured in the alrcreft. Thts detector la aearty atr-equivalent from 80 to 1,400 kev,
Figure 2.5. An annular radiation shjeld is built tnto the detector to reduce the effect of aircraft
contamination. The angular response due to thte shield ts showo te Figure 2.6.

The aircraft’s radio aItimeter (U.S. Navy APN-1) supplies an altitude indication to the altitude
Compensator, which modifies the radiation detector so that its output ts ● curreat that Is propor-
Uonal @ the diaLion ~ch would M measured at S feet bve the surface. As the altttude
changes, the compensator corrects the resulthg radiation change and keep Me g~-~vel
read~ consbnt.

. .
‘Ibe telemetering system dtd notpexform satisfactorily. The radiation readings on tie

=Lrc~t ~~$f~n~etector g~tp<tirt recorder were, therefore, transmitted ~ voice over the
navigation.al neto A me controlcenter, the radiation readings were logg~ -d -media@ly
@otted. * ● .

.
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%3.2 Altlt ude Absorption. The ●utomatic gamma monitors, HASL TN-4-C, we~e mounted

on tbe YAG-39 and YAG-40. Each instrument was mounted at the ●nd of a boom that was ●lso

used to suspend the depth probe of Project 2.62.
me boom ●xtended 35 feet from the side of the

ship and me set at en approximate mean height of 35 feet above the sea. An Esterline-AWW
strtp-chu’l recorder was tnstalled in the sbtelded control room on tbe ship, to continuously
record the gamma dose rste. The tnstallatlon of tbe monitors *nd recorders was accomplish~

by Project 2.10.
Scintameter survey meters, IMSL T13-S-B and TE-7-A, were used for belloopter operatloea.

Gamma dose rate was measured at various aItltudes over contaminated water and land sutiaceo.. . ..
,

.

CAUS ASSSMBLT Al I

.
tAOIATtOS

P’igure 2.S Radtatton-s*y+qulpmed mountkag --
inszv-s alrcreft.

.

. .

A gamma spectromebi, EASL TM-lO-& which co~isti of ● scintillation bea~ pulse-
Iieight analyzer, and a recorder, was loaded into the same heUcopter. The 28-volt power tn tbe

helicopter was converted to 11S volt8, 60 cps, by a separate hfetier to supply tie swc~meter=.

The count rate et various energy levels was obsemwd on a meter as tbe base line ●utomattally
swept through an energy scma from SOkm to 3 Mer.

The survey alrcmft had tbe same instrument$Uon as described in the previous sectlox plus
a Scintamettr sumey meter, TH-3-B.
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As discussed in Section 3.1.2, the distribution of gsmma encrgles m ●stimated from the
visual observations of ● meter on the gamma spectrometer. Observations ●t S00 and 800 feet
above Site Sally on Mohawk D + 2 showed a general response where the predomi~nt portion of
the ●nergy spectrum fell between MO ●nd 600 kev.

33 DISTRIBUTION OF FAti

7be Iaodose charts contained in thts section have been referred to I!+ 24’hours ●nd gamma ~
dose nte at 3 feet above the ●wface. The decay correction ts based on t -t.t. me flight altitude

wss S00 feet for all surveys, so the ●ttitude correction ts based on I factOr d 23. .
4
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Figure 8.5 Flightgqttem Shot Cherokee D-day. ;

The EOB is based on ● mtntmum detectable LCmitby the detector d 0.01 rnr/hr. This con-.
~eti ~ 0.025 mr/hr at the surface. Where there ●re 00 flight legs &s position to close an
taodose pl~ dotted lines tndicate the estimated poattion. 7be estimates are -ed on prevtoua
days’ results wherever possible. Contamination enclosed wlthtn an kdose boundedaru te
calculated on the basts of the average gamma tntenelty between consecutive Iaodose lines, and a
contamination density of 0.4 megacurla/maut mlt for 1 mr/hr of gamma dose rate (Section 1.S.1). .-

. ●

S.3.1 Shot Cherokee. l%e D-day flight ●ncountered no radiation Intensities ●bove the detec-
table LtnM. The flight pattern ta included to show the mea searched (Figure %S). ‘I’he D + 1
flight wms used for tnstrumat cbe~ because 00 contamination was found on the prCviOUS thy.

.,

8.3.2 Shot ZunL The D4ay fllght exwdned the region to the vlcLnUy of the atoll (Figure -
3.6). Because there was not●nough data to develop teodose pbt.a, radiation profiles have Mea
plotted along the flight legs.
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ne D + 1 flight8 located the EOB ●nd delineated the contaminated ●reti (Figure 3.7). A con-
~-hated patch -s suspected to be oortheast of Biktnl, baetd on the control center plots.
~ring the data reductlo% a navigational reporting ●rror was discovered whtch changed the
relatively uo~ted patch from the northeast to a position atmost due ●ast of BtktnL

.

. -.

TAB= a.~ ALTITUDERADIATIONDATA
. OVERWATER

a

AM- mrw mrAr? Erti

fi

1,000 0.41
600 0.s2
900 0.12 e.%26
600 0.135 0.s2s 1.1

. 600 ●.1ss 0.26

400 e.l?s 9.36 2.1 \
600 0.176 ●.42 “
S00 042S ●.62 1.40 1.1s
m . *60 a.os -

● Teu8 t S, 12-01 N, 164-42 E, T- Bat &rector
is P2V-6.

t To=+ S, 12-11 N, 166-02 E, Top Matdetectir
b P2V-S.

t &mlnole D4Y, @Janet. acintekwter, TIPS, -

.
--

.

ia beltqter.
“BValues from repeatrims. .

The D + 2 flights @&ure S.8) iavesttgated the northeast sector wtthnit discovering cmtunl-
8atton. The ●--tern cou-inat ton w ‘not suep ected until the data-reduction period, so n
further ~hmtion was scheduled k that sector.

The D + S flights (Figure S.9) reconfirmed the hot ●rea. No further fllghta were schedule~

TABLES.S BUMMARY”OF FAUT 2XSTRlBUTION,ZUNf

Ieodose Aree DlffereaceArea Averqe Cmtamtmtton

ar/hr . alz EP arfhr mc

D+l

2.2s 166 3.26 83
●.2s 4%. - 4s12 0.s9 a,oss
●.12s 9,433 a.ms S.16 670 .
0.025 32*3 S,200 6.04 166

. 1$44 mc ●t H+*4 hours

“ B+a
.. ●

avs ?s7 167 LZ5 SW.
●.%s 6,?76 $,018 0.s0 1:04

“u low intensities were ●nc”ountertd on thta day. “
. lhe fallout dlstr~ution ta summa,rtzed in Table S.S.

● I

~.S.’S $hot Plathead. The D-da~ flight discovered relatively high dose k just west of
Btktni (Figure 3.10). me pos!tioa immediately ●djacent to the reef tndicated that thte could be

‘A lagooointer passtng over the reef, mther than fallout. T’hk area w m comp~ete~y M~~#
.- .
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ss the I) + 1 survey does mot Indicate comparable dose rates. Tbe aircraft ●ncountered active
fa!lout and becamt conbbtd. A replacement aircraft was flown to the survey ●rea. This
ok became contaminated. At no time waa the level tn tbe aircraft stlowed to exceed 20 mr/hr.

Both aircraft on tbe D + $ fltghta (Hgure 3.11) were dao Mghtly contamltiti. Active fallout
waa ●ncountered 100 miles northwest of Blktnl at E + 20 hours. Tbe -rtbwest sector was
c1064 as far as aertd sumeys on D + 1 were concerned. u lndicatwf on tbe char& U wae
sot possible to close the laodoae plot at that ttme.

–The project bad four ●ircraft to cbooae from for the D + 2 fItght, ●ll readings backgrou~d of ““
approximately 0.1 mr/br inside the detector shielding. The survey for this day could not detect
any surface contamination readhg above a mintinum detectable ltmit of 0.25 rnr/hr at S feet
from tbe surface. Table 3.4 summartses tbe fallout distribution.

. TAB= S.4 BUMMARY OF FALMUT D16TRXBUTION,FLATHEAD

leo&ae - IMfference Area Average Caltamtnation

D+ 1

0.2 am S83 0-S68 06

0.1 we SZ5 0.148 x
0.05 S,sso ,S*U2 0.074 ?s
O.ozs LMov - - T.85W 0.037 11s

276 mC St II*24bmra

● Based en ●stimated position of isodose he. . .

Tbe EOB is roughly esttnmted and may not be representative of the ●ctual extent of the con-
tamination.

.

3.S.4 Ebot Mohawk. A surrey of tbe Wands of Ediwetok Atoll was flown on D+ 1. Tbe island
readings are shown b Plgure 3.12. The readings are referred to 3 feet ●bove the surface of tbe
telands by a factor of s.8 for the W&foot flight ●ltitude (Pigure 1.2). Sites Fred and Elmer were
excluded from the survey patte~ because a W&foot ftigbt altitude would have interfered wttb
&e air traffic to the wtctntty. .The open-sea aerLaI survey could find no detectable contamtnatton
h tbe area searched (Ptgure S.13).

.
S.2.S Shot Navajo. A background survey - made on D- 1 day to determine tf the&t tnten-

stties, repo@ed by project 2.62, ●djacent to the reef after 6bot Platbead, could have come from
contaminated water cmmshtg tbe reef. TWs flight (Pigure S.14) subsequently became a D- S
$nrvey because of postponement of the shot. Tbe next fttght (Pigure S.15) became the D-2 sur-
tey, again ~cguse of 8 postponement. ‘The aircraft fligb~ on tie&y whlcb would have reeultad
@ a D- 1 survey, was d completed because of malfunction.

Z%ebackground surveys were coordinated with ● Project 2.62 sblp survey. Becauee the
●kpe and position of tbe contaminated area varied from day to day, U ta posstble that the varta-
tton may ~ve ken ● function of the surface wtnde. An outline of tbe area, b$$ti on tie ●hlP
d$h baa ~en &cIu&cIss p@re $.16. me ~reement btween these plob appears gOO~ h
*W of the 12-hour displacement between the ship.and aerml $u~eY=

The D-day suwey (Figure %17) located the estimated upwtnd boundary. ~ D+ 1, tbe fl@h@
COver~ ~ area ~ lo,~ mlt ~t did @ cl-e Me 0.025 mr/hr 160d0Se line h the fwrtbWSSt
~ctor (2Vgure S.18). Tbe D+2 chart (Figure 3.19) shows that thts tmdose extended farther
* estimat~ on &e prevt0u6 dSyS. The narrsw 1.2S mr/br line extending to tba west of the
till b$d disappeare& Reef readings have been tncluded tn this chart.

me suMs~ of tie fallout dktr~ution ~le 3.5) indicates considerable Mtability ~ Me
~ntamtnaw ar~ dur~ the ●ertal-su rvey Operations. * experienced after tbe prevtou6 inter
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!. shot, ~tbed, much of the fallout remains ●irborne.

(-

Tbua, fatlout ●nd mixing In the sea could
be expected to persist well MOD+ 1.

-

. S.S.6 Shot Tewa. . A D- 1 surwy (Figure S.20) defined the background statue to the west of
“;, the Eto% Prior to the 81mL The D-day fLtght (Figure 3.21) located the upwind boundary. The
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TABLE S.S SUNMARY OF FALMUT DISTRIBUTION, NAVAJO. .

2sodoae Area Differ8ws A-a Averqe Cents’mtlmoa

au mix mu mr/hr mc
# /

D*1

i.% 1s6 1s6 1.s5 . m
a.zs *S8 coo 0.76 840. .
@.12s 1,7s8 B20 0.18 w.-

.. . .

. .
. .
.

. .
.-

)

.

.

. .
.-

9
.

.:,

.
.-

.-

.

(’
-4 ‘.

. ●.025 1014s0” - 0,702 0.06 S09

‘SS4mCSt B+24bOUm

2s6 w 90 1.ss 4s
0.Z5 1#67 1,177 0.?6 8s3
0.12s S,=3 1,666 0.10 144
0.02s 20,ss0” 17,s67 ●.06 424

womeat?t+24t!aur8

● 3aaedaI ●stimate ef Iaodoee posttiai.

.

.

.

D +1 surrey (Figure S.22) discovered ● contaminated area exteoding over 200 miles west of
BSkinL The outside boundary could not be closed on thts survey, becwse of the far-out sector
contained actSve falloutfrom Shot Huron. ma D+ 2 survey (FiguIw 3.23) extended the estimated
poslttoa of the EOB. Tbe tsodose vae still oot completely c~ed. The ●ircraft was not allowed
to Iose radio contact, so the survey covered only the area out to 275 miles f rom Bikini.

The 0.25 mrtbr ktoze exteoded tnto the far oortbwest sector on D + 1. By D+ 2, the position
bad stmmk to ●pproxhnately ● thtrdof the ●nclosed ●rea. Tbe predicted pattern shows that thts
far-t material could oot be expected to ●rrive before E+ 19 hours. ~US, M is promle that
the readings tn the area on D+ 1 were due to matertal that we oot completely mtxed. By D+2,
some 20 hours bad ●lapsed, arid mtxing was probab~y complete.

3%s D +3 and D+4 surveys, Figures S.24 and S.25, delineated the hot ●rea, permitting an
examination of the stripe and position of these tnner ●reas from D+ S through D+ 4. TWe S.6
summarizes the fallout areas throughout the shot partIctpatlOtl.

.

2.4 SAMPLES OF CONTAMINATED SEA WATER .

Duplicate samples of sea water were furnished to this pr~ject by the U.S. Naval Radblogkal
Defense Laboratory (NRDL) and by Scripps InstltutSon of Ckeanography (SIO) from tbelr sea-
sampling programs. Nter the close of operation Redwing, these samples were. analyzed for “
beta acttvlty in the particulate sod salt fracttons at tbe EASL.

. .

8.4.! Gamma Radiation as ● P’uoctton of Beta Activity:” The analysis of each sample, the
gamma tnteaaity estimated at each aarnpllng location, a~d the comparison of these results ●re

“eontatned in Appendtx D. A stratght averaging of the beta activity and the estimated gamma ln-
temit~ yields a figm ● of 4,x 10*(dis/mln)/literP$rmrhr. ne tidePt~W ~ tieComPari-
aoafor each sample obvtates definite conclusions. Bowever, much of the &b”falls wtthtn t 50
percent of the theoretical calculation of 4.43 x 108 (dts/min)/llter of beta activity per mr/hr of .
gamma activtty 3 feet above the surface. Thus, these resuIta maybe conzldered indicative of
ialtdtty of the ‘assumptba.
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Chopfer I

RADIOACTIVITY BACKGROUND in the OPEN SEA ond
----

LAGOONS of the E41WETOK PR9VING GMUND AREA
1.1 OBJECTIVE

during the months of April and May 1956 to
prior to the 1956 test series. The progr~

A survey of the EPG was undertaken
determine the radioactivity background
included radioactivity background studies of the water in the open ocean, the waters
of tk lagoons, the sediments on the ocean and lagoon floors, and the biological life
associated with the above areas.

1.2 BACKGROUND

A study of radioactive contamination requires an understanding of the existing back-
ground intensities of both naturally occurring and artificially produced radioisotopes.
In an area where physical changes are constantly taking place, it is desirable ta make
rapid in situ measurements.

The concentration of trace amounts of isotopes has been observed in marine organ-
. isms. Laboratory experiments have shown the uptake and absorption of strontium and

yttrium by brown and green algae, vanadium by tunicates, and zinc and strontium by
fish. During Operation Wigwam, thousandfold concentrations of t& fission products
were observed in some organisms, while other organisms from the same water mass
showed little or no uptake of the radioactive isotopes over the same period of time
(Reference 1).

The Japanese survey chips Shunkotsu-Maru during May and June of 1954, the Daifuji-
Maru during December 1954. and the Kagoshima University training vessel, Keiten-Maru,
during November and December 1954 and January 1955, detected radioactive contamina-
tion in the Western Pacific end Coral Sea sea water, plankton, and edible fish (Reference
2). The concentration of radioactivity detected in zooplankton was about 1,000 times, and
in some cases as much as 10,000 times, more than that in the sea water they inhabited.
Hundredfold variations of gross radioactivity were noted from one species to another.

Commercially important tuna were found to contain some artificial isotopes. Radio-
zinc was detected in the viscera of several fish. ZnC5 apparently was highly concentrated
in certain organs of Katsuwonus pelamis (skipjack ma) ~d parathunnus sibi (big+yed
tuna). Although Zn** is not a fission product, it has been detected by several investi -
gators (Reference 3).

During March and April 1955, the U. S, Coast Guard cutter ‘J’~ey on Operation Troll
traversed the Pacific Ocean collecting samples of water and plankton for radioanalysis.
Widespread low-level activity was found to exist in the Pacific Ocean. Wa*r activity



:.
.

ranged from O to 570 (dis/min)/liter. Unsorted zooplankton ranged from 3 to 140

dis/min per gram wet weight. Radiochemical analysis of the plankton showed 80 to 90
percent of the activity to be Celu and Pr ‘u with some Srm present (Reference 4).

1.3 THEORY

The state of a mixture of fission products changes following entrance into the ocean.
Physical and biological separations then begin to occur producing depletions in one
phase and concentrations in others. Such occurrences should be taken into considera-
tion in the studies of fallout patterns in a given are&

Studies of the predominant chemical species resulting from an underwater burst of
an atomic device indicate that some of the long-lived fission products should be soluble
in sea water, while others should be insoluble. Table 1.1 gives the chemical species

and physical state of those elements which may be present 2 ye=s after an atomic ex-
plosion (References 5 and 6).

TABLE 1.1 ESTIMATED PREDOMINANT REACTION PRODUCTS OF LONG LIFE
ISOTOPES IN SEA WATER TWO YEARS AFTER A NUCLEAR EXPLOSION

Element Half Life
Predominant

Reaction Products
Predominant

Contribution to

Physical State
Total Fission

Product Activity

1

i

[

282 &yS

17 minutes
2.6 years

28 years
64 hours

33 years
2.6 minutes
1.0 years

30 seconds
10.6 years

35 days
65 tiySl

1.7 yearB
73 years

2.7 years

245 dSyS
270 dSyS

5.2 years
290 days

CeC+ ,
Pr6011
Pmt@, Pm2~ ● XH20
5.r+2

“ - Y2Q ● XH20X2U3,

Cs+
-+2

RuQ,
R4~,
Kr

m%

(Ru, Rq~ “ XHZO)
?thz~ ● XHZO(Rh)

~05 ● XHZO
ZrC+, Zr~ “ XH20
EU2C+, EU2C+o XH20
SmzQ

Sb2020 (s%04)

ZnO, Zn(OH)2
CO(OH)2
CO(OH)2
Mn304(Mn+2) -

Solid
Solid
Solid
Ionic
Solid

Ionic
Ionic
Solid
Solid

Gas, dissolved

Solid
Solid
Solid
Solid
Solid

Solid
Solid
Solid

Solid, ionic

27
27
15

6.3
6.3

4.0
3.6
3.3
3.3
1.0

0.8
0.4

0.2

0.2

0.15

—
—
—
—

b t

As Show in Table 1.1, cesium and strontium, which are soluble in sea water, are
more likely to be widely dispersed and homogeneously distributed throughout the hydro-
sphere than other elements. Cesium is chemically similar to potassium, which is pres-
ent in the sea to the extent of 388 mg/liter, while natural strontium is present as 13
mg/liter.

The addition of 1 PC of cesium per liter would add 12.5 x 10 ‘a mg to the potassium.
One VC of radiostrontium per liter would increase the strontium content by 7.3 x 10’6
mg. In addition, strontium is similar to calcium and is so used by organisms. How-
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ever, organisms discriminate some what against strontium and hence, in the presence
of the calcium in sea water, radio strontium behave6 its if it were even more highly
diluted insofar as organisms are concerned; that is, C Sis’ and Sr@Oin the sea water act
as if they were diluted more than a millionfold by natural, similar, or identical chemi-
cal elements. Even if the biological requirements of an organism were high for these

elements, the abundance of the natural elements in sea water and the extreme dilution
of the radioactive isotopes act adversely toward6 the concentration of the radioelement
by an organism.

Nevertheless it is observed that trace elements in sea water may be highly ccmcen-
trated in certain organisms over the amount in the water. This CM ~ understood from
the following numerical examples. Zinc concentration in sea water is about 5 x 10’3
mg/liter, cobalt about S x 10’4 mg/liter, and cerium about 4 x 10” mg/liter. The
addition of 1 PC of Zn6s (0.12 x 10-6 mg) per liter would increase the zinc concentration
by 0.002 percent and 1 PC of Co60 (0.86 x 10-6 mg) per liter would increase the concen-
tration of cobalt by 0.17 percent. Although the ratio of the radioisotope to the stable
isotope is still low, the total isotopic abundance in the sea is so low that an organism
requiring this element for growth must absorb a relatively large proportion of the total
amount in the water to supply its body needs.

Most of the elements 6hown in Table 1.1 appear to extst in sea water a6 insoluble
oxides and hydroxides~ These insoluble species would probably be strongly adsorbed
on particulate matter such as colloidal ferric hydroxide.

The natural radioactivity of sea water is due chiefly to K’”, Rb6T, end the members
of the uranium and thorium series. Cl’, H*, and some of the rare earths contribute a
small amounL ?

A separation of the daughters of uranium occurs in the oceans, resulting in a con-
centration of radium in recent sedimentary deposits. Both radium and potassium are
highly concentrated by some species of marine algae. In order to compare fission

product contamination with the activi@ of the natural background, the properties and
concentrations of some of the natural radioactive isotope 6 in the oceans are given in
Table 1.2 (References 7 and 8).

In order to determine the natural radioactivity of several uncontaminated pbospho-
rite and manganese nodules, an approximate analysis was made on samples obtained “
off the coast of California and from the northern Pacific. These analyses showed the
presence of K’”, radium, and thorium with their decay products, as follows:

Phosphorite rock
California Coast

90 total (y/min)/gm
(0.1 to 2.2 Mev)

K’” present but
obscured by radium

34 ppc Ra22&/gm

2.6 ppc Th232/gm

Manganese Nodule
Ranger Bank, California Coast

7.2 total (y/min)/gm
(0.1 to 2.2 Mev)

0.3 pet K’”
3.3 ppc K’O/gm

2.5 NYCRa226/gm

0.3 gpc Th2S2/gm

Manganese Nodule
Horizon, North Pacific

34 total (y/min)/gm
(0.1 to 2.2 Mev)

1.2 pet K’”
10 ~pc K40/gm

= 2.7 AVCRa22G/gm

16 ppc Tha2/gm

Only the K’” concentration of 74 (y/rein) /liter of sea water or 640 (B/min)/liter
should be encountered during field measurements of the uncontaminated surface waters.
The dissolved uranium and radium concentrations are below the levels of detectabilib’
as outlined in Section 1.5. The radium and thorium concentration, on the other hand,
may be sufficient to interfere with gross fission product analysis of the sediments.
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1.4 OPERATIONS

During th months of April and early May
took a cruise throughout the E PG in order to

●

1956 the research vessel Horizon uncle r-
measure the amounts of radioactivity

associated with the oceanic wwlroament. A study was made of the radioact.ltity of the

water, sediments, marine life, and air in the EPG. The positions of observations
are shown in Figure 2.1.

The Horizon was equipped with devices for sampling, storage, and amay of marine
specimens. Water samples were collected from the surface, near bottom, and inter-
mediate depths with l-liter Nansen bottles at thirty stations. Duplicate vertical water
sample profiles were taken for radioassay and for salini~ determination. Surface
water samples of 5 liters were obtained in tb open ocean and lagoons.

Zooplsnkton were collected at seventeen stations with a standard l-meter diamet=
nylon plankton net towtng obliquely from approximately 280 meters depth to the surface
in 15 minutes time while the vessel proceeded at about 2 knots. The main portion of
the net was made of Nitex cloth, 60 mesh per inch, and the cod end, of the same mate-
rial, 90 mesh per inch. The net was designed to sample organisms larger than 0.5 mm.

TABLE 1.2 CONCENTRATIONSOF SOME NATURAL RADIOISIXOPES W THE OCEAN

.
K@ isotopic abundMCO

Ka half life
Ka specific aegatroa activity
@ specific gamma actitity
N specific gamma activity

0s1174 pet
1.28 x Id years
27.3 * 3.1 (#/gin K)/sec
3.24 ● 1.5 (?/@n K)/Mc
194 ● $ (y/min)/gm K

Potassium concentration in sea water
I@ concentration in sea water
Ku concentration in sea water
do concentration in sea water
Rb” concentration in sea water

Average uranium concentration in Pacific water
Average radium concentration in Pacific water
Activity ratio radium/uranium
Activi~ ratio radium/uranium
Radium concentration in clay sediments

Uranium in deep sea sediments
Thorium in deep sea sediments
Thorium in manganese nodules

380 mg/kg
74 (y/min)/liter
640 @/min)/liter
325 ppc/llter
6 We/liter (no gamma)

2.82 x 10-* gm/litsr
3.1 x 10’14 gin/liter
0.16 in sea water
6.4 in pelagic sediments
loto20x lo-” gm/gm dry clay

1.5 to 2.5x 10-’ gm/gm dry clay
s x 10-9 gm/gm dry clay
24 to 124 ppm (Reference 8)

Ten vertical phytoplankton net hauls were taken in the open ocean and in Bikini and
Ailinginae Lagoons. The net used was a l?-cm diameter, No. 20, phytoplankton net
filter, having a mesh size of 70 p and filtering approximately 1,500 liters of water per
haul. No identification of the contents was attempted and no means were available to
separate inorganic debris from living organisms.

Three samples of the deep-sea fauna were obtained in the area, using a 10-foot
lsaacs-Kidd midwater trawl as the sampling device. The depths sampled ranged from
730 to 2,560 meters. The trawl fished continuously during the time required for lower-
ing and retrieving, therefore it is not possible to state with certainty at what depth ~Y
individual was captured. However, as the trawl remained at the towing depth for 10
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hours, it is reasontile to assume the major portion of each sample was taken at that

depth.

Benthic organisms were collected in three bottom dredges south and east of Bikini
AtoIlatdepths of 1,400 to 3,600 meters. A few living sponges, gastropod, brittle

Btars, =d foraminifera were ob~ined. Bottan-dwelling organisms tn Bikini and
Ailinginae Lagoons were obtained by skin diving and bottom samplers.

Surface organisms were sought with lights and dip nets at every ni~ht station. Iiow-

ever, few specimens were obtained in this manner in the EPG open sea area. Flying
fish were numerous during the day but avoided the lights at night. Diurnally migrating
fish also failed to come to the night light. Other marine organisms were obtained by
line or spear fishing.

A series of seventeen samples of the ocean floor were taken around Bikini Atoll with
a gravity coring device. The samples consisted of small bits of coral, basalt, msnga-
nese nodules, coarse coral sand, shell fragments, and fine globigerina ooze (fossils of
minute organisms of the order Foraminifera). Several of the cores were lost because
of the inability of the core barrel to penetrate hard sediments, or because of the core-
catcher’s inability in retaining the coarse sand found at some of the stations. In the
latter case, only a few grains were saved for identification of the bottom sediment and
these were insufficient for accurate radioassay. The bottom water trapped above the
cores was filtered and evaporated for assay; the suspended sediment removed from
this water was saved for analysis. ‘

A number of samples of the Bikini Lagoon floor were coIiected with a snap type of
bottom sampler. One sample of sediment was obtained from Ailinginae Lagoon. The
samples consisted chiefly of fine coral sand and foraminifera mixed with fragments of
coral and shells.

Miscellaneous samples of plant and animal life from Site Nan at Bikini Atoll and Sifo
Island at Ailinginae Atoll were collected for analysis and comparison with the marine
organisms.

Equipment was set up for collecting air-borne particulate matter aboard the Horizon.
A series of samples were obtained at various localities by drawing 1,000 liters of air
through a ~pe AA millipore filter.

The Horizon surveyed the radioactivity levels of the EPG over a 6-week period end-
ing 15 May 1956, prior to Shot Cherokee, the first major nuclear event of the 1956 test
series.

1.5 INSTRUMENTATION

1.5.1 Data Requirements. The determination of the ambient radioactivity required
the measurement of the activity and the radioisotopic concentration in a large number
of samples. In the EPG, the background measurement was made difficult by the wide
variation in character of samples which had to be taken.

Gross beta counting may be used for comparing the activity of samples containing
many of the fission products. When beta counting is resorted to, for the identification
of the isotopes present in a sample, a combination of gross counting, chemical sepa-
ration, half-life measurements, and beta-absorption curves is required. In addition,
beta counting requires preparation of thin samples and close control over geometry and
self absorption. These processes require techniques which are difficult to perform
rapidly aboard a ship. “

Gamma counting, on the other hand, is Iess restricted by self absorption and thus

gamma counting simplifies field measurements of large specimens by eliminating ex-
tensive sample preparation. The determination of the total gamma count over a known

17



enerw”range may be used to compare the activity of similar samplea containing the
same gamma-emittfng isotopes. The conversion of total gamma counts to curies re-

quires a knowledge of the energy spectra observed by the counter, an identification of
the radionuclidea present, and a knowledge of the nuclear level schemes of each isotope.
In many cases, the rapid determination of radioisotopes in the field may be performed
by measuring the energy of the gamma photons emitted from specimens. The gamma
energy spectrum, combined with a simple chemical group separation or ion exchange
separation, often is sufficient to quantitatively identify a mixture of fission products.

1.5.2 Instrument Types. Radiation detection and assa~ equipment was selected for
rapid estimates of radioactive substances on board ship. Gross counts were made for

both beta and gamma radiation. Differential gamma pulse height analyses were run on
those samples that were sufficiently active to produce significant results.

An end-window Geiger-Miiller tube, with a mica window of 1.4 mg/cm2 thiclmess,
was used to count the beta particles. The counting tube was shielded by 2 inches of
lead to reduce the background due to cosmic and external radiation to about 25 cpm.
The sample planchets were mounted in a plastic and aluminum shield to reduce the
effect of scattering and bremsstrahlung.

Gamma radiation was detected and counted with a Harshaw 1~-inch diameter NsI
(7’1) scintillation crystal, shielded by lead and plastic, an RCA 5819 photamultiplier
tube, sad a preamplifier. Both beta and gamma counters were connected to a decade
scaler. The gfima background count varied from 95 to 110 cpm aboard this ship at
sea compared to tlM 150 cpm background experienced in a concrete building at La Jolla,
Californi&

Gamma energy spectmm studies were made with a Harshaw l’~ inch by 2 inch NaI
(Tl) well-type scintillation crystal and Dumont 6292 photomultiplier tube, mounted.
together with its cathode follower in a 2*/,-inch thick lead shield and feeding into a com-
mercial, automatic, single-channel, stepwise type of pdse height analyzer; and the
information was read on a decade scaler, and a digital printer.

The counters and associated electronic equipment operated on the ship’s 110 volt ac
power supply through isolation transformers. No difficul~ was encountered with var-
iations of supply voltage. The instruments were mounted in an air-cooled counting
room separated from the main laboratory.

1.5.3 Instrument Calibration. The beta counters were calibrated with a commercial
UX2 beta source. The calibration was also checked with knowm amounts of potassium
carbonate in order to correct for self absorption and geometry variations among differ-
ent samples of salts or dried tissues. Self absorption curves were run with aliquots
of a standardized SrW solution added to simuIated samples.

The calibration of the gross gamma counter involved considerable difficulties.
Originally a Cow calibrated commercial standard was used. The Co60 source was sub-
sequently discovered to be in error. A pair of Co60 sources, from the same company,
calibrated in the same units, were found to differ by a factor of 2. Secondary standards
of Zn6S, CSUT, Cet”, Ru106, and Co60 and K2C~ were prepared and calibrated by gamma
energy spectrum analysis using a calibrated Ra226 ( + decay daughters) standard. A sub-
sequent check against a set of calibrated gamma sources showed an absolute standardi-
zation of less than 10 percent error.

The calibration of the gross gamma count for energies between 0.075 and 1.5 Mev
was valid only when measuring isotopes with energy and nuclear level scheme similar

‘s C060, and Csn’to the standard. Zn , were used as standards when determining the
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gammas emitted, per gram, of biological specimens containing the same nuclides.

CeiU and RU*Wwere used as standards for comparison to the activity of the sechments
and coral.

The gamma puhe height analyzer was calibrated for energies and efficiencies using
a series of CelU, Rul~, Csis’, Zn65, Co60, Ka, and Ra*26 standard6. T& error of

smndardization for the number of gammas emitted per source w#s less than 10 percent.
‘The accuracy of the conversion of gammas per minute to microcuries depends upon the
currently accepted values for the nuclear level schemes of the isotopes (References 9,
10 and 11).

1.5.4 Preparation of Samples. The samples to be counted for radioactivity were

weighed, dried at 11O C, ~ f$ome cases ashed, and counted on aluminum or stainless

steel planchets. The samples for beta analysis were generally ashed to as small a
vohnne as posskble. The samples for gamma analysis were usually counted d~; how-
ever, for chemical analysis, or for reducing the volume of large specimens, they were
ashed.

Samples of sea water were collected, filtered through millipore filters, evaporated
to dryness and counted for beta and gamma activities. Millipore filters were also as-
sayed. Large volumes of water of low activity were treated with a ferric hydroxide
and barium carbonate precipitation to carry down the less soluble fission products in
a small mass of carrier (Reference 12).

The zooplankton samples, in most cases, were assayed without sorting into like
kinds of organisms. The bulk of these samples consisted of small crustaceans. Large,
individual animals were removed for separate assay. Upon completion of gross count-
tng, all the dried zooplsmkton samples were combined end ashed tn HC104 and HN~
acids. . The ashed mixture was then analyzed for specific isotopes by gamma energy
analysis. The results were then substantiated by hydrogen sulfide chemical group
septiation.

Large martne organisms were either ashed whole or their various organs dissected
for determination of the distribution of activity within the organism.

The phytoplankton and suspended sediments were filtered on a mtllipore filter and
counted directly. Self absorption was negligible because of the small volume of matter
present on each filter; however, the small mass introduced errors in the determination
of the weight of the p~iculat.e matter.

T%e bottom sediments were weighed, dried, and counted under conditions of standard
geometry for the total gamma photons emitted per unit mass of dry sample. The pe-
lagic cores were frozen, sliced into 3-mm sections, weighed, dried, and counted for
gross gamma count and for gamma energy spectrum.

Samples of the air-borne particulate matter taken over the lagoons and over the open
sea on millipore filters were counted without further preparation.

1.5.5 Chemical Separations. In order to substantiate the gamma energy spectrum
analysis, samples showing different gamma energy peaks were dried, then wet ashed
with nitric and perchloric acid. The resulting solutions were separated into hydrogen
sulfide groups (References 12 and 13). Each H2S group was reexamined with the pulse
height analyzer and then was purified into the suspected element (References 13 and 14)
and counted for beta and gamma activities.

1.5.6 Reporting of Dam The water sample results are reported as gamma rays
emitted per liter of sea water compared to a Cogo and Zn66 standard. The instxwment

.



??

I

1

. .

E

,.,
c.
i

. .

;

i

background has been subtracted from all values. The reported values include the
naturally OC-r~ isotopes an w U as the aZ’tifiCid contarninatiom

Tbe plankton, fish, sad clams are reported as gammas emitted per minute per gram
of wet weight compared to ●ither s CoM or a Zn$S stsntird.

The bottom sediments, shells, coral, and algae are reported as gammas per minute
per gram compared to Rui~ and Ceiu sources. In all cases tbs gammas include all pho-
tons between 0.075 and 1.5 Mev.

The results of the gamma spectrographic analyses and radiochemical analyses are
reported as PPC of the individual isotopes contained per g~am of Iivlng organ or organ-
ism.

The sediments are reported as gamma photons emitted per gram of dry matter or
as p~c of a specific isotope per gram of dry sediment.

All repor~d vaiues have been extrapolated to 1 May 1956.

1.6 RESULTS AND DISCUSSION

1.6.1 Radioactive@ of the Open Ocean Waters. Throughout the EPG area the radio-
activiw of the sea water was found to be fairly uniform. The surface water varied from.
100 (y/min)/liter in the eastern area to 400 (y/min)/liter west of Bikini Atoll, or from
one to five times the natural potassium gamma background of 74 (y/min)/lit8r of sea wa-
ter. Surface water at several stations was filtered through a millipore filter in order ta
determine if the activi& was present in the upper layers as dissolved substances or as
particulate matter greater than 0.5 micron diameter. Most of the activiw wss found ~
be in the dissolved phase. For example, at Station 14 at the surface, the water emitted

300 y/rein from 2 liters; th adtivity of the suspended par~culate and colloidal matter
tn the 2 liters was 45 y/rein or 15 percent. For subsurface water at Station 27, the
total activi~ in 6 liters of water taken as a verticalcolumn from depths between 50
and 1,500 meters was 1,030 y/rein from 6 liters, while that of the particulate matter
was only 20 y/rein from 6 liters, or 2 percent.

Vertical profiles of radioactivity for ten stations are shown in Table 1.3. The radioa-
ctivity of the sea water in this table is expressed as totalgamma photons (0.075 to 1.5
Mev) emitted per liter of water, standardized against Coco and Zn8s calibrated sources.
The values reported include the natural K@ gamma activi&. No positive identification
of the radioisotopes present in the sea water was completed. The activiw of the water
was constant with the exception of one layer of water between 800 and 1,200 meters
found northwest of Bikini Atoll at Stations 6, 7, 8, and 29. This mass of water, situ-
ated on the edge of a large eddy current found around Bikini, appeared to be two to foux
times as active as the surface water.

The salinity values for Station 29 are listed in Table 1.3. There appeared to be no
relationship between the variation in radioactivity with the slight variation that exists
in salinity.

Radiochemical analysis of gross zooplankton (Table 1.4) showed a hundredfold con-
centration of artificial radioactivity over the totaI radioactivity of the water from which
the plankton was taken. The radionuclides detected in the zooplankton were hfn~, Znss,
C05’, Couo, and a trace of the rare earths..

The probable error of the measurements of surface water activi~, excluding the
alkali metals, by Fe[OH)3 precipitation was kept below 20 percent. The radioassay of
150 to 750 ml subsurface samples by evaporation and direct gamma counting of the re-
sulting salt entailed a probable counting error of 30 to 50 percent and occasionally over
100 percent.
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1.6.2 Lagoon Waters. The radioactivity of the waters enclosed within Bikini and

Ailingiue XOOnS, as shown in Table 1.5, ranged from seven to fourteen times the

natural potassium gamma background and from three to ●even times the average radio-
activity of the surface water surrounding the lagoons. No difference was detected
between the lagoon water at Site Elms r, Eniwedk, and the surrounding ocean water,
perhaps due to the exchange of water permitted by the wide, deep channel nearby. The
radioactivity of the lagoon water, in contrast with the open ocean water, was associated
with the suspended particulate matter. The residue from 6 liters of filtered surface

water, emitting a total of 4,860 y/rein, showed 2,720 y/rein, or 56 percent associated

TABLE 1.S OAMMA RAYS EMTTED PER MINUTEPER LtTER OF EPO OPEN 62A AREA WATERS

TIMvalumof (y/mM)/liter {0.07Sto1.5Mev) beve been correctd to accountfors 22percent ●fficiencysod
s 41percent ceometry of U= ecintillauon couwr when s-tiazed *U CO”ad Zn”. Tbe ●~rwe ~ck -
@uod due w toetrument aohe and oosmlc rsys bu beo ●ubtr~ted from the re~rted wIues. ‘Ilwneturzl
# &c&rouod of 74 (y/min)/hWr of eee water bzs oot been subtracted end i- tncluded in tbe ebovef@re&

MoneDepth ~ 7
SzMnttyfor

8 9 12 14 25 27 28 2s Station 29

0
50
100
125
150
200

260
300
400
500
600
Soo

1,000
1,200
1,400
2,000
a,ooo
4,000

207

125

170

427

620
267
140
205

227

S70

?90

290
2s0
157
)65

133
1s0
217
0

1?0

435

so
60
160
187

105

-150

10s

45

110
230

147
175

-125

1s0

195

225

45

45

150

65

200

140

245

205

170

55

-66

175

325

267

—

80
140
60

170

195

2s0

217

90 230
90

-60 —

-90 235
— 205

17s
187
205

1s7 -120
170
417

165 260
195

200 260

34.S6
34.66
25.01
35.25
S5.12
MM

S4.43
a4.41
34.60
S4.66
34.59
34.58

34.59
34.60
34.63

—
—

Bxtom
Depth,

meters 3,560 4,s00 4,600 4,200 S,200 S,loo 4,300 a,400 4,000 1,440

with the insolublefraction. Subtracting the K’” cent ribution from the total, 62 w rcent
of the artificial radioactivity was retained by particulate matter larger than 0.5 micron
in diameter.

An analysis of the particulate matter in the lagoon water showed 85 percent Ceiu and
15 percent Ru ‘~ of the gamma-emitting isotopes. The soluble fraction was not identified.

1.6.3 Marine Organisms of the Open Sea. The assay of the oceanic fauna consistently
showed the presence of artificial radioactive contamination. Zooplankton from water of
m average activity of 173 ● 85 ( y/min)/kg (Table 1.3) showed an average of 18,000 ●

4,000 ( y/min)/kg (Table 1.4) or more tw a one-hundredfold concentration over thW of
water. Neglecting the K’” activity of the plankton (0.08 to 0.8 (y/min)/gm) and subtract-
ing the K60 activity (74 (y/min)/liter) from the water, unsorted zooplanktin, on the basis
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TABLE 1.4 RADIOACTIVITY ASSAY OF PLANKTON SAMPLES FROM
THE EPG AREA

a Mixed Zooplsnkton

station ZnC6Standard Station Zn’S Standard

(y/min)/gm (y/min)/gm

5 2 & 6.3 16 18 ● 2.3

7a 55 & 6.’7 19 22 & 1.7

7b 40 ● 3.5 21 11 & 3.6

9 25 ● 2.2 24 1.4 ● 3.4
11 8— 25 14 ● 4.3

12 9 ● 4.2 26 11 ● 4.4

13 2.2 ● 4.2 28 6 & 3.8
14 4 i 4.1 29 7.5 & 2.7
15 -2 & 3.2 30 94 ● 5.1

.

b. Radiochemical Analysis of Gross Zoophmkton, 1 May 1956

~elu Trace
M# ‘0.59 ppc/gm
zn95 4.9 #pc/gm
~ost = 0.2 ppc/gm
(-.60 = 2.1 ppc/gm

c. Individual Organisms

Station Organism (y/min)/gm Station Organism (y/min)/gm

4 Phytoplankton -0 13 Phytoplankton =21
7 Eel larvae 85 15 Salps o
7 Physalia 1 19 Pteropods 32
7 Polychaeta 1 19 Calanoid 17
7 Myctophid 15 Copepods

7 Sagitta o 27 Phytoplankton = 5
7 Crab larvae 43 30 Myctophid 12

12 Pteropods 36 30 Pteropods 77
15 Sagitta o 30 Copepods 61

I

i

i

I

I

;
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of drained wet weight, concentrated the artificial radioisotopes 175 times above that found

in the same amount of eea water they inhabited.
A hundretiold variation of radioactivity was detected among different genera with the

concenwation over that of eea water ranging from zero to a thousandfold. T’eble 1.4
gives the gamma activity of seventeen bulk zooplankton samples, aa well aa the activity

of selected orgtisms separated from the gross samples. Station podtions are shown
in Figure 2.1. The highest activity was detected in the mucus and fflter-feeding ptero-
pods and filter-feeding copepods both of wl$ch feed upon microscopic organisms and
suspended detritus. The lowest activity was found in the filter-feeding salps end the
rapacjous, plankton-feeding Sagitta, both of which have a high water oontent-

A radiochemical and gamma spectrographic analysis of the combfned zooplankton
samples from seventeen stations showed the presence of Celu, AAIu, ZnC6, CoC’ and
CO’*in the amounts given in Table 1.4. CSUT was not detectedand no analysiswas made

for radiostrontium.
As shown in Tsble 1.3, the levels of activity of the water were quite low throughout

the entire area studied. However, it is signtficsnt that the greatest activity was found

TABLE 1.5 RADIOACTIVITY OF LAGOON WATERS

station Depth (y/min)/ltter ● Probable Error

pet

Biktnl Atoll, Site Nan Surfaoe 676 27 :
Bikinf Atoll, Site Charlie surface 810 20 ,

Bikini Atoll, Site Charlie Nem sbre 1,065 15
1 meter deep

Biktni Atoll, mid lagoon Surfsce 645 23
Ailingtnae Smface 635 30
Eniwetok Atoll, Site Elmer Surfaoe 200 42

* Tk values of Mntn)/Mer (0.075 to 1.S Mev) ~ve been ~rre-d ~
account for ● 22 percent efficiency end a 41 percent geometry of tk ecin-
ffllation oounter when standardized with Cow end Zn”. The ●verage back-
ground dhe to instrument noiee and cosmic rays baa heen subtracted from
the reported values. The natural # background of 74 (y/min)/liter of eea
water baa not been subtracted ad is included b the abow figures.

within the influence of the eddy system around Bikini, Ailinginae end Rongelap Atolls
(Figures 2.5 to 2.9). It is probable that within this area the supply of radioactivity in
the ocean was being constantly renewed by tidal flow from Bikini and neighboring atolls
to the east. Swept into the eddy where it does not escape for en extended period of time,
crop after crop of the short-lived plankton becomes contaminated.

Organisms from three samples of the deep-sea fauna, obtained by trawling at depths
from surface to 730 to 2,560 meters, showed activity levels similar to those of the zoo-
phmkton from the upper water levels. Selected fish end planktcmic organisms sorted
from one trawl are listed tn Table 1.6. As in the case of near surface zoopknkton, tlw
pteropods contained the greatest amount of radioactive materiel per gram of tissue on
a wet weight basis, The activity is listed in Table 1.6 as total g~m~, compared to a
Znss standard, emitted per minute per gram of wet tissue.
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1.6.4 Marine Organisms of the Lagoons. While the water of Bikini Lagoon varied
from 0.5 to 1 ( y/min)/gm, the marine organisms vuied from 100 to 50030 ( Y/ID~)/gXII,
showing apparent concentrations of gammi+emitting isotopes to factors of 1(? to 106
above the waters in which they were taken. Ths lagoon fishesremain in the lagoon

during their entire life while the water is continuously being renewed from the outside
ocean. Although the specific activity of the marine organisms at the time of capture

was much greater than that of the lagoon water, the concentration of tiM activi~ in the
organisms over that of the water may not have been so great at an earlier date when
the activi~ of the water was greater. The marine organisms remaining in the Iagoons
may represent the contamination level of an earlier mass of water which wss subse-
quently swept out of the lagoon.

The predomtimt radioisotopes within the lagoons were: CoiU and RuiN in the water
and suspended particulate matter, Zn’Sin tlxsfish, Coco in the mollusks, Cola in the

TABLE 1.6 RADIOACTIVITY ANALYSIS OF SOME OCEANIC FAUNA
NEAR BIKINl ATOLL. DEPTH OF CAPTURE FROM 0
TO 7S0 METERS

Organiem (y/min)/sunple
(y/mfn)/gm of Live

Tl##ue, Znss Standard

Argyropelecus species
(Hatclmt fish)

Melanocetua species
(Angler fish)

Lampanyctus species
(Lantern fish) (6 yOl@

Shrimp (Mysidacea)
Tunicate, colonial
Siphonophore bracts

‘ Physalia
(Portugese man-o-war)

Jellyfish (unidentified)
Pteropods (3 small)
Jellyfish (75 grams)
Octopus sad squid (combined~
Cyclothone

72

17

55

133
39

2

0.5

64
35

875
97
40

9

2

6.2

18
6
s

0.2

41
100

11.6
1.3

23

coral and shells, and Ruiw in the cslcareous algae and finger snails (Genus Ptero~era).
Tables 1.7 and 1.8 list the radioactivity levels of various organisms from the south-
eastern and northwestern areas of Bikini Lagoon.

“Of the various organisms collected, the mollusks proved to be the most radioactive.
Their activity was most pronounced in the livers or digestive organs which were fifty
to one hundred times more active than an equal weight of the other portions of the body
or shell.

Table 1.9 gives the gamma activity of certain Ailinginae Lagoon organisms which
appear to be about one tenth as radioactive as Bikini Lagoon organisms. The 5s and
liver of a skipjack tuna caught in the entrance to Ailinginae were the most radioactive
among the specimens assayed. Table 1.11 indicates that the Znes contamination of this
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TABU 1.7 RADIOACTf~Y LEVE U OF CERTAIN ORGAMSW FROM BIKSNYUGOON
BOUTHEA~~N AREA

Rut”, Zn’SStandards tic, Coa Standuds 1sample Sample

(rhowm (y/mirt)/gm

Algae, green, off Tridacnashell
Alpe, Ca.lcltius
AAgu, Halimeda

Beche-de-mr (tea cucumber)
Bivalve cl~m body
Blva.lve cllm shall

Bivalve ~,
11 deg, S3 mi.n, 26 sec N,
165 deg. S3 min. 03 =C E

Bivalve stall
Coral, disk
Coral, pink, reef
Finger snail, viscera
Finger snail, foot

Finger snail, faces
Fish larvae
Hermit crsha
Myctophid (lantern fish)
Sea urchfn, young
Squid

210
1,050
1,700
110
400
105

3,s00

750
600
606

1,800
4s0

1,200
480

1,s40
o

150
620

Bnall, gutropod
Foot
Liver
Gills
Kidney
Stomach
Opercularvtive
Siphon

Tridacna clam
Gillc
Liver
Mantle
Adductor muecle
Stomach

Tridscna liver
From Bikini
From Site Item
From Site King
From Site Love
From Site Mike,
From Site Nan, lsgoott
From Site Nsn, ocean

1,260
460

5,800
36,300
2,500
430
640

355
37,000

186
173
687

S6,000
30,800
45,400
19,200
15,900
26,400
18,000

TABLE 1.6 FUDIOACTXVITYLEVEIA OF CERTAIN ORGANISMS FROM
NORTHWESTBIKINILAGOON

Sample RUMStandard Sample ZnCt,COWS-hd

(Yhb)b (yhnirdkln

Algae, flillk
Algae, Ha.limeda
Algae, Halimeda
Algae, Halimeda
Cowrie shell
Coral, red, skeleton

Coral, dead
Foraxnirdfera plus coral

fragments
Foraminifera plus coral

fragments
Foraminifera plus coral

fragments
Foraminifera plus coral

fragments

S07
1,600
460

6,200
102

1,0s0

2,600
1,030

1,860

830

10,000

Hermit crabs S,045
Jellyfish 1,860
Myctiphid 470
Phytopieakton, - leo

mid lagoon
Phytoph.nkton, rn3,800

Site Charlie
Sea urchins 770

; I as
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Ailinginae tuna (14,000 PPC/gm of caudal fin) was the same as the ZncS con-hation of
a tuna from Bikfni Lagoon which assayed 16,000 ppc/gm of caudal fin. The relative
values of (y/mti)/gm in Table 1.9 have been corrected for the counting efficiency of
the principal isotopes detected in the same or similar specimens.

A radiochemical end gamma spectrographic analysis of various EPG organiams
shown in Table 1.11 and in less detail in Table 1.9 indicates the presence of MZZM,Co$’,
Coao, Zn8S, RuiOt, Ceiu, sad CSU1, with considerable variation among diffeI’Ont organ-
isms. Only the long-lived parent radionuclide has been considered for PC computation.
Most of the radioactivity detected in the marine organisms was not direct fission acti-
vity but instead was probably induced and spallation products of elements associated
with the 1954 nuclear devices. The high concentration of zinc and cobalt isotopes in
fish and mollusks was probably due not so much to a high production yield but to bio-

TABLE 1.9 RADIOACTIVITY LZVEU OF CERTAIN ORGANISMS FROM AIKNGINAEMGOON

Orgalmm --

4-inch Tridscns llvor
4-inch TrMscns musdo
Hnch Tridscne livar
8-inch Tridacne musclo
S-inch Tridscns mantlo
8-Inch Tridecne liver

Hippopue Iivor
HiPPOPUS gills

1, Hlppopue mueclo
Hl~Pus stomach

3-inch Hippopus liver
3-LnchHfppopUemeath
3-LnchHiPPOPUastomach
4-inch Mullet, whole
4-inch Mullet, viecers
Beche-de-mer

1,120
4s6

3,800
7
6

2,360

1,600
108
11
230

122
23
23
226

1,224
29

co, Zn
co
Co, Zn

co, Zn

co, Zn

Co, RW Co

Co, Zm
—

Zn, Ru
Z4 Ru
Ru. C*

Phytoplsnktonend
Inorganic nmtter

P@oplenkton ad
lmrgsaic mstter

Phytoplerlktcmad
izm~c mstter

P@ophnkton end
Isorgedc msttar, surf

Cord, lagoon, white
Coral, lagoon, pink
Corsl, lagoon, green
Coral, oceen, white
Coral, ocean, pink

Algae, ocesn, green

Algae, lagoon, green
Lobeter, oceea eide

20

134

- 64

460

23
20
21
11
20

26
59

220

c*, Ru

Ce, Ru, Zn

co, ma

Cc, Ru

Co, Ru
Cc, Ru
Ce, Ru
Ce, Ru
Co, Ru

Ru, Co
Ru, Ce
Ru, Ce

Coconut-crab 206 Cs. C*, Ru

Coconut, green 47 Ce
Coconut, milk 51 Cs
Coconut, ripe 65 Ce
Pandenuefruit 47 Ce, Co

logical requirements of some fish and mollusks for these isotopes. Various portions
of tuna taken from sea water containing 5 x 10 -‘ percent zinc have been shown to con-
tain 0.1 to 1 percent zinc (Reference 1), thereby concentrating elemental zinc by a

factor of 10T.
Table 1.11 also indicates a concentration of cobalt in the livers of some fish. This

may be due more to a diet of cobalt-contaminated food than direct concentration overb
that of the water. Clams and mollusks contained chiefly CoS’ and Cogo. The basses and
snappers, which feed on mollusks and small crustaceans, as well as fish, showd equ~

amounts of Couo and Znss, while the tuna contained chiefly Zna6.
The variation of cobalt and zinc in fish and clams is visibly demonstrated by the

gamma energy spectrum of unprocessed, dried livers of bass, tuna, and the trid~cna
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clam as shown in Figures 1.2 and 1.3. The raw data show CoS’ (off scale) and Coco in
CT Coco, and Zn’5 in a bass liver, and ZngS with athe tridacna liver, a mixture of Co ,

trace of cobtdt in the tuna liver.
The liver of the tuna contained traces of Co$T and Coco, but t~ ~mainder of the fish,

particularly the epidermis and skeleton, was found to contain essentially radiopure Znc5.

The dimribution of rtiioactitity in various organs of different species of fish is shown
in Tables 1.10 and 1.12. In general, the gall bladder, liver, and spleen exhibited the
greatest concentration of activity wtth lesser amounts of activity in tb epidermis, fms,
and vertebral column. On a gram basis the least activtty was found in the edible muscle.
On the other band, because of quantity, the total activity of the muscle may be 30 to 50
percent of the total activia of the whole fish.

At Ailinginae Atill only a slight difference in the gross activity of corals and clams
was noted between specimens from the lagoon side and those from the ocean side of the
reef.

Two fish of different feeding habits taken from the same reef near Bikini Island
showed different qualities of contamination. Although the organs of both fish showed
the same level of gamma contamination (Table 1.12), the radiochemical analysis of the
combined organs of each fish (Table 1.11) indicated the presence of Zns5 in the detritus-
feeding goat fish and Mn”, Co”, Co’”, Zr!s, Ruiw and Cei’4 in the plankton-feeding
mullet.

Tridacna clam livers were found to be the most radioactive item throughout the EPG
lagoons with a range of activity from 1,000 to 45,000 (y/m~)/gm ~ = Mgh as 10’
y/rein per whole liver. Co’” was identified as the principal isotope with COST, Ruiw,
Zn6s, and MnM present in the liver and muscle; traces of Ceiu, Coso, and M.n” present
tn the shell, and Celu, RU1*, Cow, Coao, and Zn6S in the stomach. The ratio of Coso
to COS7appeared as a constant 4.2 as of 1 May 1956.

Phytoplankton and inorganic particulate matter filtered from the lagoon water, con-
tained chiefly Cel” and Ru *Mwith no detectable amounts of C060 or zncS. The fact that
wate~filtering organisms, such as mullets and tridacna clams, contain large amounts
of Cow and Zn6’ which are undetectable in the water, indicates that these radioisotopes “
nevertheless were probably present in the water either as dissolved or particulate inor-
ganic matter, or as dissolved or particulate organic matter. Possibly the cobalt and
zinc isotopes were picked up at an earlier date when the water was first contaminated.

The coral, mollusk shells, and calcareous algae exhibited Cetu and Rui06 in varying
amounts with cerium predominating in the coral and shells and ruthenium predominating .
in the algae. Bottom organisms such as the beche-de-mer (sea cucumber), finger
snail, spiny lobster, sea urchin, and fora.minifera exhibited va@ng amounts of Ce ‘u
ad Rui06 ~~ a trace of Znas present in the forams.

1.6.5 Deep Sea Sediments. Coring and dredging results clearly indicated the pres-
ence of a considerable amount of radioactive contamination on the sea floor in an arc

extending northwest to northeast of Bikini. This coincided to a large extent with the
Operation Castle fallout pattern; in addition, the Bikini eddy may have permitted the
water to remain in approximately the same area until the additional settling of parti-
culate matter occurred.

Figure 1.5 gives the gamma activity per gram of sediment at seventeen stations
throughout the EPG. The most active sample, C-1OA, obtained from 1,460 meters
depth at Station 29 northwest of Bikini Atoll emitted 2,450 (y/min)/gm of dry weight.
An analysis of C-1OA gave 1,910 Kpc CelU, 1,180 PPC Ru*Os, 60 ppc Zn6S, and 70 ppc
Sb*2’ per gram of fine coral sand and foraminifera as shown in Table 1.13.

.



The ocean floor of the EPG as sampled by dredges and coring devices consisted of
coarse coral sand, coral rock and mollusk s~lis near the atolls, and fine globigerina
ooze on the level floor. A number of samples of mangssese nodules and basalt rock
were obtained in the area.

Radium and K40 were detucted in the manganese nodules and 10 to 20 wc Ra22’/gm
were found in the surface of tb globigerina ooze. CelU ~d RUIM were detected ti the

manganese nodules in amounts roughly proportional to the surface are~ No radium
was detected in coral sand or gastropod shells. A gamma energy spectrum analysis

(Table 1.13) showed the presence of Ce;u and Ru 1~ in most of the sediments with traces

of Zna5, Mn”, SbuS, and possible EuiU as artificial contaminants, in addition to natural
Ra226, K40, and thorium.

TABLE 1.10 DISTRIBUTION OF MIOACTIVITY IN VARIOUS FISH FROM A.ILWGINAE
ATOLL IN APRIL 1956

organ Total Gamm8 & Total Gamma

Butterfly Fish -r Skipjack Tuna
Flying Fish

Ocean SW of Atoll

(y/min)/gm wet (Y/-)/ire ~: ##c Zn’%gm (7/mwfP -t
Caudal fin 1,620 96 21,400 38
Epidermis 9,400 4s

Gsll bladder 620 1,080
GUS 132 62 4,500 so
Kidney 420 58
Liver 1,460 760 1,200 67

i Muscle 23 2’7 980 1

Scalem 27 — 62
Spleen 618 880 S,850 30
Stomach 85 172 21
Stomach contents (cord, algae) (clam) (squid,f&~ fish) (plallRon)
Testes 52 9,500 —
Vexlebrae 880 38 8,100 10

A cross section of Core No. 2 and a cross section of Core No. 4 are illustrated in
Figure 1.6. The water trapped over tbe top surface of the core was filtered through a
0.5 micron millipore filter. The suspended sediment, probably originating from the
disturbance of the uppermost surface during the coring operation, was reported as

(y/min)/liter of the core water inasmuch as an accurate weight of the residue could
not be determined aboard ship. The filtered water over the cores was evaporated and
assayed. The cores, which consisted essentially of calcareous globigerina ooze and
fine coral sand, were frozen and sliced into 3-mm sections. The outer periphery of
the core was cut away and discarded to reduce contamination which may have been

transferred from section to section by the barrel of the corer as it penetrated the ocean
floor. The sections were assayed, giving the results shown in Figure 1.6. The activity
of the core was highest in the top 3-mm layer. It then decreased with depth to a con-
stant value of about 3 (y/min)/gm below 20 to 40 cm. Core No. 4 showed a decrease in
gross activity to the lS-mm depth where a sharp, unexplained increase occurred. The
activity then diminished at a rate similar to the surface peak.
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A gamma energy ispectmm analysie of Core No. 4 showed the presence of 530 PPC of
Ce’”, 470 ppc of Ruiw, sad about 10 wc Ra=t per gram of dry sediment. These values
were the average through a 3-mm segment of the upper surface of the sediment- If the
activi~ were confined within a thicknees of a few microns of the upper surface, the spe-
cific radioactivity would be much higher.

1.6.6 Lagoon Sedtmenta. A number of eamples from the surface of the Bikini Lagoon

floorwere assayed With the results shown in Figure 1.7. The total gain- ~tons (0.08
to 1.5 Mev) emitted per minute per gram of dry sediment ranged from 2S0 to 8,300

(y/m@/gm, with the greatest radioactlviq in the west and northwestern section of the
lagoon. In general, with the exception of living calcareous algae, the activity was fn-
versely proportional to the size of the sand grains in a given weight of sample. No
separation wae made of the bottom organisms such as foraminifera from tkt inorgsnic
sand. However, samples containing a large vieibIe proportion of living foraminifera
showed a somewhat higher activity than those samples containing no visible living organ-
isms.

TASLE 1.12 GAMMA ACTIVITY OF MARINE WE m - LAH, (YhJII)/8= WET -IG~s
1 MAY 196s

--

Parch,UnIfkaufiod 1,0s0 8s0 4ao 1,2s0 1s0 2,s00 — -
&a a488,Phctrqxmua 4,000 6,600 1,520 4S,000 1,0$0 — 1,900 1,200
Lutjulu8bohu 1,2s0 2,ss0 2,400 Ss,ooo 2s0 -

8wQms, Aprion vlraacsas
l,aeo 2,100

700 l,a40 l,aoo 20,000 200 — Soo 1*
Saappor, unldaauftod MO 1,700 1,440 lB,000 S20 - MO 1,470

Mullet, Numytus 1,800 2,s00 - Sl,ooo Sao — SW 2,400
GoatFish,Upoaats 1,ss0 2,200 1,100 22,000 Uo — 420 l,POO
S Noothuonus 11,400 25,0eo 6,700 11,420 1,170 0,940 — 10,700
IMcroptanu

Clam,TrMum a8Mt10 17s — 220 S6,50S — - s40—

A typical gamma energy spectrum of unprocessed lagoon sediment is shown in Fig-
ure 1.1. RuiM and Ceiu are clearly evident.,, . The analysis of several other bottom
samples is listed in Table 1.13 showing the presence of CelU and Rui~ in all samples

ts Cogo, ~~, ~ Zr9$ in several instances.other than a tridacna shell and traces of Zn ,
Bottom organisms such ae the sea cucumber, sea urchin and finger snail, as well

as the corals and calcareous algae, exhibited Ce ‘u and RuiO’ as the predominant radio-
isotopes.

Samples of beach sand and soil above the high water mark from Sifo Island at
Ailinginae, Site Nan, Bikini, assayed from 50 to 350 (y/min)/gm of Celu snd’Ruiti.
A sample of beach sand from above the high water mark on Site Charlie, Bikini, ex-
hibited 940 (y/min)/gm while a sample from below the low water mark showed 1,210
(y/min)/gm of Cel” and RuiN.

1.6.7 Miscellaneous Survey of Land Organisms. Several epot checks were made on
the plant life from Enyu Island (Site NSJI) in Bikini Atoll and from Sifo Island at Ailing-
inae. The meat of three green cocoauts from Enyu averaged 107 (y/min)/gm while the

so
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Figure 1.1 Gamma energy spectrum of NW Bikini Lagoon eediment
collected 4 May 1956 and analyzed 22 May 1956.
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Figure 1.2 Tridacna liver from Bikini Lagoon collected 8 May 1956,
analyzed 22 May 1956. Bass liver collected and analyzed 5 May 1956.
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d,k from * SS=M INNS ~ 135 (y/m@/v- Ripe COCOII~IMat from SifO ~~cated
85 (y/min)/gm while ● green kernel from the psndanus fruft emitted 47 (y/min)/gm as

shown h Table 1.9. An entire coconut crab from Sifo exhibited 205 (?/min)/gm of Csn’,
CeW, ~d RU’B.

The separationof elements ●mong various organisms is ●hewn in Figures 1.1, 1.2,
1.S and 1.4. Ashes from the meat of several Enyu coconuts are shown in Figure 1.4 to
contain almost exclusively CSUT. The body of a brown rat fmm the came area, caught
with a coconut-baited trap, exhibited both CsO’ end Zn’5. The wc concentrations of
the isotopes present in the coconut meat and brown rat are preeenbd in Table 1.11.
The rat which apparently fed on coconuts and plants containing Cs”’, probably also fed
on marine organisms containing Zn’5.

1.6.8 Air-borne Radioactivity. Air was drawn through a Type AA miIlipore filter
at tbe rate of 10 iiter/min for periods of 100 minutes or Ionge r at a number of stations
in the lagoons snd in the open sea. During the radioactivity background survey prior
to Shot Cherokee, no air-borne radioactivity was detected.

1.7 CONCLUSIONS AND RECOMMENDATIONS

Radioactive contamination was detected throughout the E PG. Tbe range of distribu-
‘7 in coconuts, Cstion of radioisotopes was Cs 1“ and Zn’S in land organisms, CelU and

Ruios in soil and beach sand, Ce*” and Ru‘w in lagoon water and suspended particulate
mstter, Znc’ in surface fish, Cow in mollusks, Zn66 and Coc* in bottom fish, Ceiu and
RU*Win coral end calcareous algae, and Ce*” and RUIU in bottom sediments.

Tbs greatest concentration of radionuclides was found in clams, fish, and eediments.
The least activity was detected in th oceanic water and no activity waa detected in the
air. The reeultsobtained indicated that widespread radioactive contamination, non-
uniform in amount and isotopic content, existed in the proving grounds during April
1956.

A separation of the fission products had taken place with concentrations of specific
ieotopes in specific phases. Hundred to thousandfold concentrations of radiocobalt and
radiozinc were observed in clams and fish. Ths radioactive contamination of the sea
water was low, while the zooplankton showed a hundredfold increase of radioactivity
over that of tie water.

The most predominant radfonuclides detected in living organisms were Znts, COST
and Co’”, none of which are fission products. The greatesttotalmass of radioactivity

‘u distributedover the ocean and lagoon floors.was found to be the Ceia and Ru
The study of the water mass movements in the EPG before t& test series was the

primary task of the Scrippd vessel Horizon. Samples for radioactivity studies were
collected whenever possible during the water mass survey. Because of this, the radio-
activity samples were not necessarily taken in the proper places for a complete survey
of thilil type.

Also, because of the limited equipment and personnel available for radioactive sample
collection and m$alyees, the results cannot be used to give more than an indication of the
distribution of radioactivity in the proving grounds prior w the teat series.

It is recommended thata more thorough study be made of the separation of the fission
products over a period of time in the ocean with emphasis on the fi.md deposition of the

radionuclides in the sediments and in the food chain. A study should be undertaken in
the laboratory and in the field to determine the metabolic pathway of the long-lived
nuclides through the food chain.

In order to determine oceanic fallout contours, it is necessary to perform numerous

as
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Fi~re 1.3 Gamma energy spe~ of tuna fish liver collected SW
of Enyu Island 14 May 1956, analyzed 14 May 1956.
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Figure 1.4 Coconut meat and brown rat collected from Enyu Island
May 1956, analyzed 27 Febr~ 1957.
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Figure 1.6 Levels of radioactivl& found in deep sea sedi-

ment cores of the Eniwetok Proving Ground in April 1956.
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Figure 1.7 Gamma activity of Bikini Lagoon sediment in April 1956 as
total gamma photons (0.08 to 1.5 Mev) emitted per minute per dry gram.
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amdyses of ~ter and sediments and of organisms wMch may tr~~ort the radioactive
materials. The methods used to detect low level radioactivelyof sea water were tedi-
ous and uncertain. Tb activity of zooplankton could he used as en indication of con-
tamination of the surrounding water if more information were availatde on the relation-
ship of epecific isotopes between the water and plankton over a long period of time.
Routine methods of sea water analysis should he devised, udng in situ probes or large
discrete samples.

Gamma spectroscopy proved to he a valuable field tool for identification of radio-
isotopes. The design &d construction of a large, crystal, multichannel pulee height
analyzer for shipboard use would he desirable.

In future operationsitis recommended that an effort be made to determine the fate
of the radioactive waste products. Sufficient personnel, equipment, and shipboard a

time should be allocated for a systematic study of the distribution of radioactive isotopes
throughout the marine environment surrounding a nuclear test area.
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