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ABSTRACT 

. 

The Marine Survey Unit had aa lte major objectives (1) the meaeuremeh of the residual 
radiation found in the living organlsme of Eniwetok Atoll as a result of prevloue weapone teste 
in this area and (2) a reeurvey of the area, following Mike rhot, to determine the change in 
amounte, klndr, and distribution of radioactive materials. 

The field data were collected by aeven rpeclallete who collected plankton, algae, rats, 
birds, fleh, plants, and invertebrate organlrme from Oct. 20 to Nov. 11, 1952. The material 
collected wae frozen for rtorage and shipment back to the Applied Fleherles Laboratory, 
where it wae identified, dleeected, weighed, ached, and measured for radiation in dlelnte- 
gratlone per minute per qam of wet eample. 

The pretert eurvey showed meaeurable amounte of residual radiation on and in the living 
organieme collected from the rtatlone along the eaetern and northern portion of the AtolL Fol- 
lowfng Mike ehot the radiation level increased manyfold, especially along the northern and 
rertern portlone of the AtolL 

The amount of radiation found on and in the epeclmene wae sufficient to deetroy or damage 
theee forma over a very wide area. 

Wlbsequent etudfee ehould determine the blologfcal half life of the materials contaminating 
the ares, Ulelr ehift in poe1Uon with the currenb, and the reeulte of the contamination from 
radioactive materials upon the living forma of the Atoll. 
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PREFACE 

The atomic energy reapam-tedlng program, initiated vt% the detonatiaa of Trinity rhot 
tn New Mexko in 1915 and continued rubeequently at Biklnl, Entvetot, and Newin, haa re- 
rulted in contamtnattoq of the test rlter vith varying amounte d rxdioactive materials. Some 
of these radioactive matertale are abeorbed or adsorbed by an&al and plant life. To gab an 
undcrrtandlng of the nature of l uch contxmlnatl~, field etudtee in the teet arw are eeeentlaL 
In the teete conducted at Bikini and Enlwetok, the ccmdittoxu am nearly ideal for a etudy d 
the caatamtnation of an aquattc environment. The Applied Ftehertee L.aborxtory hxe been ln- 
tererted in the problems preeented by dbpoeal of radtuactin vutee into v8ter l tnce the 
United Statu atomic energy program vae tnttlated. Field etudiee have been conducted by the 
Laboratory at Btktni aad Entvetok rinca the tnceptton of the teat prqrauu at Wee tw atoll& 
The data from theee rtu4ke are recorded ln a number of reporte prepued for the Atomic 
Energy Commteelon. A 1Iet of the rew te given tn Appendix A. 

\‘_ - . 
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CRAPTER 1 

OBJECTIVE AND BACKGROUND 

For Operation Ivy the Marine Survey Unit, Project 11.5 of Task Group 132.1, had as major 
objectives the evaluation of the contaminatior of living organisms following Mike shot and an 
investigation of the residull radiation contamination of the fauna and flora of Eninetok Atoll 
from the previous weapons tests. 

Since Eniwetck Atoll has been used for several tests of atomic weapons since the last re- 
survey by the Applied Fisheries Laboratory group in 1949, it was essential to establish the 
level and kinds of residual radiation from the previous teets before the detonation and result- 
ant contamlnaticn of Mike shot. The data on the preshot contamination were obtained from 
samples of flora and fauna of the Attill and the lagoon. In addition to the data accumulated re- 
garding the level of radioactive contamination, it was necessary to determine the condition d 
the animal and plant populations in the areas chosen for sampling stations. The ertensivc cm- 
struction program on the Atoll since 1949 not only changed the surfaces of the islands but also 
modlfied many of the marine areas. 

Following Mike shot the studies were directed to the evaluation of 
1. The determination of the extent of the area contaminated. 
2. The nature and kinds of the radioactive materials found in the various areas. 
3. The amount and kinds of radioactive substances absorbed or adsorbed onto the plsntr 

and animals. 
4. The more immediate effects of Mike shot upon the plants and animals. 

--_ ____w- ._-w_.__ w .__-._ 

-_ .._. -. _. .^. 
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CHAPTER 2 

OPERATIONS 

To carry out the field portlar of the apcritlone, repreeentatlver of the Applied Flsherlee 
Laboratory, Unlverelty of Waehlngton, epent the period from Oct. 20 to Nov. 11, 1952, at Enl- 
wet& Field partler left the group headquartere 00 the US8 Oakhffl (LSD-7) each day for the 
collecting etatlone about the liqp3oa. 

Collectlone were made by the following epeci8Uste ln each d the l everal flelti 

Kelehaw Bonham Invertebratea 
Edward E. Held fnvertebrater 
Frank G. Lowman fn&rumentatlao end 

faad vertebmtw 
Ralph F. Palwnbo Aquatic and land pleata 
Allyn E. &?ymour Plaiktoo and water mmplea 
Arthur D. Welander Fieh 
Ijruren R. Doaldea~ Project Leader 

The fiual procereing d the material and the tiyete of the data were accoewlbhed by the 
combined efforts d the entire rtaff of the Laboratory. Each of the reveral l peeki.ete super- 
vlned the work in hie field of rpeciaIlzatloo and rummarLed the rerulte for Wusan ln IhIs 
group report. Dorothy South wae reepoarlble for doing the chemical analpea oa selected rpec- 
lmene of sand, coil, and blolo@crl eamplee. The work 011 abeorptioa and decay curvn N 
huxlled by Paul olsoo. 

2.1 AREAS SAMPLED 

The loc8tlooe ad the collecting statlone are shown in Fig. 2.1. There were seven major 
rtatlonq six of rbicb were approximtely the uame aa tboee vtelted lo 1948 end 1949. The 
reventh et&ion, Bogombogo-Bogall- wee 2 to 2 mllee wed d tbe Mike rhot ted ieland. Tbe 
eame ueae from which collectlone were ma& before the teet were revlelted after the tert 
where clrcumrtances allowed. Collectlow of fleh, lnvertebratee, and algae were genenliy 
made on the lagoon ride from the lntertld8l zone down to a depth d about 12 ft. Occael&y 
the umpilng area M exteaded to the ocean ride d the collecting etatloa, eepeclally ii tbere 
was a ecarcfty of epeclmem co the lagoon elde. Terrcrtrlal plantr and anlnule were grthezed 
from the lelande, en& while tbe reef erbd island collectlmr were being made, plankton-towlag. 
dredgfng, and water-•unpllng operrtloru were being carried ai la coatlguaue watere. Tbeee 
operatlone on occaelon extended 2 or 2 mile8 from the 8rea d reef collectlone. 

ASSHED 
16 
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O-PRETEST ST- OMTUt (FREDl 

l -FOSTTEST sTATloN* 
Gum (GLENN) 

Fig. 2.1- Ftc- ad pOraCn CoikcUng aUdot~, Enlmrok Atoll, October to NO~~I&CF 1962 

w w e 



l 

i. 

i 

I 

: 

! 

i 

____7 “_I_ -.--. , - - - .--_p,.*---.~_u~- .-r- c-y--T.I*- - --.. . I 

1.1 TluE OF COLLEcTlow 

CollecUo~ were made both before and after the Mike test d November 1. The pretest 
umplcs were collected from October 21 to 28, and tbo poettest aamplea were colloctd from 
November 3 to 10. The collecUag date. and dtstmccr from YIke abo4 by talaada are given Ia 
Table 2.1. 

. 

Table 2.1 -COtLECTION DATA, MIKE SHOT 

Date 
N8uUcal mtles 

Pre8hd Postahot fromxlkrebot 

act. 21 Nov. 2 18’~ 
Oct. 22 Nov.4 10’4 
Oct. 27 Nov. 5 14 
Oct.25 ’ Nov. 6 V/,-3 

Oct. 24 Nar. 8 2% 
Oct. 22 Nov. 7 7+c 

ocL22 NW. 5 ll’/, 



i 

CBAPTER 5 

; 

i 

? 

i - 

METHODS 

3.1 PRESERVATION OF 8PECIMEN8 

. ~ - _ -“es- .- _ . . 

AU btologlcal matcrtal, wtth the excepttoa cd phkton aad nts, that N to be wed for 
radtoactlvity analyses w8a placed on Ice La an Insulated contatner 8s It wu collected. After 
returo to the Ugg OakhtU the collectkne were pck8ged tn cellophane bags, &beleh 8nd moved 
to a deep-freeze box for freeslog and l tonge. Ikrtag the air flight from Eatwetok to Bcattle, 
the l pectmene were tansported in an tnsulated coat8iner wtth dry lee. The specimens arrived 
at the Untversity d Wuhbgtat laboratory In a frozen caodittao and were tmmedtateiy *tored 
tn a deep-freeze unit, where they remained unttl tune for proceemtng. Algae rod planta that 
were to be ueed far uttoradt~ or u berba~ium rpecimeae were dried and pressed in the 
field. All phnktoa UJX@-, u well u fish and 8l@ opeclmens, that rare to be used for Iden- 
tlfic8tiai were preserved in 4 per cent formelin. 

2.2 ASRING 

The umples were uhed and plated in much the same wer u prevtmely described.’ 
Briefly, the procedure wao au followa: (1) Fish, invertebrater, birda, rata, amf land plante 
were dissected, and approdmately l-g samples of variuus tlreuee were placed upon weighed 
1$‘&1. stainless-steel plate@. Wet-aample wel@ts depended upon the amount d tbsue avail- 
able and the activity of the sample at the time d dIssection u determtned b survey meter. 
The meau sample weight of 145 randomly selected samplee was 1.17 t 0.074 g.* (2) The wet- 
sample platen were placed ln a drytng oven at 97 to OQT for 12 to 24 hr. (2) They were then 
cooled tn 8 desicxator, 8ad the dry wetghta wre determined. (4) The platee wre next moved 
to the muffle furnaco for about 12 hr, during which tlme the temperature N gradu&ly raieed 
to 200% then more rapidly to a maxlmum of 550%; clam sht? 0 and corale were held at 8OOT 
for 20 mtn. (5) After cooling, the aeh wu elurried wtth ethyl alcohol, and a clean glase rod wu 
wed to dtstrIbute it evenly on the plate. Following drying, a wetghtleu amount of formvar in 
a 0.05 per cant solutim of ethylene dkhlortde was added to prevent ash from betng blown off 
the plate. After drying under a heat lamp, the plate was ready for counting. 

3.) COUNTING 

The mmples were canted ln two Nucleometer internal-gae-flow (pure metbme) taunting 
CbdSrlL 

*In this report the value followtng the mean zs the standard error. 
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23.1 Camtlng Time 

A compromtse was m* u to iength of counting Umc since tberc were many plater to be 

1 

couated, otLy two countera were available, and It wae desirable to keep the correction factor 
for decay to a mldmum. Tbe counting Ume for l rch plate ru determined by its approaimate 
counting rate, including a 50 cl’m background, in accordance wltb the following schedule: 

I 

CcamU.ag rate, c/m 

600 
500-1000 

1000-2000 
.2000 

CauntiJg time, min 

20 
10 

5 
2 

s 
‘fYte counting period for practically all rampler collected after the Mike teat (N&ember 1) was 
from November 24 to December 12. Yoet of the samples from the pretest coll+Uonn were 
counted after this period but before the end d December. During thb period a tl-hr-day 7- 
day-week camting schedule was maIntained. 

S.2.2 Dlrrtribution of Cauds 

d 

The rtaUeUcal diotrtbutiao d sample counta appeared to be of a logarlthmlc or log-log 
mture. To further iovertigate the type of dtatribution, two eerier al count8 of 100 samplea 
each d unaabed poottest Engebi eand were made. Sand, in a jar, wae dried !n the oven and 
mixed. Sampling cupe for the two eerfee kid 6.1 f 0.05 mg (n = 100) and tOQ0 f 2 mg (n - 32). 
respectively fn is number of samples counted). The emali-Bample series was counted in the 
Nucleometer for 10 min per aample, and the large samples were counted III the end-window 
counter for 1 min each. The frequency distribution of the actual counts of the small samples 
wae strongly skewed (Fig. 2.10) but wan approximately normal for the kgarUhms d the loga- 
rlthmr af there camb (Fig. S.lb). For the large samples (Fig. 9.1~). the mode d the observed 
values was tilll to the left of the mean, but the distribution was more nearly normal. It would 
appear that the dietribution of counts is strongly ekewed to the left vIaen the chance of occur- 
rence of speck contamination (Sec. 4.9.1) &I small, but, an the number d specks increaser, the 
distribution approaches the normal curve. For biological samples, errpecially those alth sur- 
face contamination, the distribution of cauntn ctxld be expected to be similar to those of the 
Mnd eamplea. 

2.2.2 Unit of bfeaevrement 

The unit of met raF-ment for recording radloactivfty la disintegration6 per minute per 
gram (d/m/g) d wet b;ztple (unleer otherwise noted), although it 18 realized that the actua! 
dtalategration rate L not practically attained. The actual disintegratloa rate wa8 approximated 
by correcting the grorrr sample counte for background, aample wetght, geometry, backacatter, 
aelf-absorption, coiacldence, and decay. Since it its dedrable to expre!rs the amount of aettvity 
per rample in a weight unit comparable to that d living organtim, wet weight wae @elected in 
preference to dried or &shed wetght. Naturally the activity per unit of wet weight ts lower than 
Ute activfty per unit d dried or ashed weight. 

2.2.4 Slgnftfcaat Figurea 

Results have been recorded to two rlgnificant figurea, although three figures generally 
were ured in the computatioos. The number of significant figures in the final answer was lim- 
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Fig. 3.1- Hirtogtamr showing frequency dlstributioa, of rrdloactivity count of Engcbl bea& und. 
(1) Counts for 100 small (6-m@ umples. (b) bgrrkhms of lo~rlthms of the same couno 
(c) Counts for 100 large (3000-m@ samples. 
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Ittd by tht number of significant figures in the ltast accurate value in the computation. Ont 
source of Hmltatloe In the pasttest aaaqalea vu the correctloa factor for dtcay, wbfch was 
changing approximately 4 par cent per day and wbicb was applltd no cheer than to the day the 
sample was counted. Anothtr limitation occurrtd in tbt weight of the ub used to dettrmlnt 
tbs correction for self-ahsorption. Sampler were wtigbtd to the ntare6t milligram, aad c&to 
the ashtd weight was ittt than 100 mg and occasionally lttr than 10 mg. Also the corrtctlon 
factors for backscatter and for gtoaetry were not determined more accurately than to two 
rignificant figures. 

I 

i 
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2.4 CORFtECTION FACTOR8 

3.4-l Geometry 

Geometry is abbart SO ptr cent for an Internal-gas-flow counting chamber. litnct tht cor- 
rtctlon factor was approximately 2.0. 

S.4.2 Backscatter 

Backscatter was previously determined for Pp in our Nucltomtttrs as being SO ptr cent 
(ttt p. 24 of reference 1). The same correction factor, 100/130 = 0.77, WY used again Chit 
year. 

3.4.3 Colncidtnct 

The loss of camts due to colacidenct was dtttrmlned empirically. Small amouatt of P” 
were dried on tinfoil, and the pieces of the p tfnfoll for vblcb the counting rates bad besn dt- 
ttrmined were placed one a~ a time sidt by ridt 011 the counting plate. After each piece of the 
Par tinfoil had been placed on the plate, a count was made. The txptcttd car& which was the 
sum of the indfvidual counta, was divided by the observed count to determine the correction 
factor. For observed camts less than 80,000 c/m, no corrtctlon was made for coincidence; 
for counts of 80,000 to 180,000 c/m, the correction factor was 1.01; for counts d 382,000 to 
392,000 c/m, the correctton factor was 1.07. Correction factors were also dttenmintd for in- 
termediate values. For small corrtctfons the counting rate, as determined theoretically from 
the formula N = n/(1 - nt), held true (N = true counting rate, n = observed counting rate, and t = 
recovery time of register, or 5 pstc). 

3.4.4 Background 

The background values were determined by interpolating between background counts at the 
point (time) when the sample count was made. Usually about five 20-min background counts 
were taken during a 24-br period. From Novtmbtr 24 to the end of December, 127 background 
cOunts were made with counter 18S, md the mean value was 50.25 c/m, with a standard dtvia- 
tlon of 2.M; for counter 184, 135 background counts were made during the tam period, wlth a 
mean value of 53.51 c/m and a standard deviation of 3.84. These background values are less 
than those recorded in the 1049 report because the counting chambtrs art now shielded with 2 
in. of lead. 

S.4.5 Decay 

At the time of counting, the poettest samples were decaying at an appreciable rate. Tbtre- 
fort these samples were corrected for decay, and the date to which they were corrected was 
arbitrarily chosen aa December 1, cm month after Mike test and also near the mid-point of 
the counting period for there sampler. Although the activity of the samples ie corrected to 
that of Dectmbtr 1, the distribution of activity is that of the date of collection, November 2 to 
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10. In the period immtiately foihwlng t.!ae 8bot, the activity ta the arganhma rod be ex- 
pected to vary greatly rtthtn short pertodr owtng to changer in geographical dirtributloa d the 
ra&oactlve materi& ~DII to length of exposure ttme d the organbmr. 

The curve from whtch the correction IIcton were determined wa8 the decay curve for l 
aand @ample that had been dredged from Rojoa and Aartvlbtru on November 7 at a depth d 20 
ft. The prtncipd rea8on for eelecttng thle curve wae that, by tnspection, the compalte d 91 
decay curve0 from various types of orgadsmr and ttsruer closely reeembled the oand curve, 
and, d the two curves, the data for the rand curve were more exte~lve and fttted more claeiy 
to a curve cd low degree (Fig. 2.2). However, there were a few curves that departed rignift- 
cantly from the sand curve; thoee are aleo rhown in Fig. 3.2. The decay correctlole factor w 
determtned by dividing the value on the Band curve for December 1 by the value on the eand 
curve for the &y the eample ‘IU ccunted. The range d there factor8 VIU from 0.58 for No- 
vember 24 to 1.51 for December 12. 

The rampler from the prcteet collectiona were not corrected for decay rrtnce the change In 
counting rate during the period the samples were counted wae Blight. Ma&mum correctiaa fac- 
tor6 would have been about 1 per cent. For differencea between pre- and poet&d decay curves, 
IM Fig. 2.2. 

S.4.8 Self-8bwrptioa 

Thb year sample counta were corrected for relf-abaorpthm. In 1040 no correction for 
relf-abaorpthn was deter- but an attempt was made to keep the a& QI the plse thin and 
corvtlnt in amount. Although it was recogntzed that the typea and the proportiona d isotopes 
varied from #ample to sample, the decay and maa@-abeorptton curves (Figs. 2.2 and 2.3) tn- 
dlc8te that the aand eample approximates the mean al all the curve@. Hence the same sand 
that w8a used to determtne the correction factor for decay was klso ured to determine the 
~eU-8b6orpUon correction factor. A few d the actual valuee, lmaed on the total wetght d ash 
on l%-tn. plrte, are u followa: 100 mg, 2.6; 500 mg, 4.e 600 mg, 5.a; and 1100 mg, 0.0. The 
average relf-abaorptton correction factor from 135 randomly selected plater warn 2.22 f 0.022. 

The total correctl’on factor for 68 preteet ramplee M 2.M A 0.21, and for 64 poettest 
sampler it wan 5.98 f 0.82. 

! 
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CHAPTER 4 

RESULTS AND ANALYSIS OF DATA 

The rellablllty of the results of certain average values used ln thls report to express the 
radioactivity of a group of organisms is subject to the following considerations: 

1. Nonrandom selection of rpeclmens: fn the field, collectton of specimens was directed 
toward obtalnfng certain species at all stations, if possible, and supplementing this collection 
wfth whatever other species were available. When a large number of a rlngle group of organ- 
isms was available, only a small percentage of the specimens was collected, whereas all the 
specimens may have been collected for another group of organisms which were less abundant. 
Iience the specimens are represented qualltatlvrly rather than quantltaUvely ln the field col- 
lection and also in the samples used for courting. 

2. Random selection of tissues: Xn some Instances the activity of preshot invertebrates 
for a collecting station was estimated by averaging all the samples counted, irrespective of 
Ussue or species. Such an estimate 1s an average of plate counts and not an average of the 
preshot invertebrates. For some of the fish the total acuvlty of lndlvlduals was determfned, 
not by randomly selecting by tissues but by using weighted samples of all tissues. The activity 
of the group (flsh) was then determined by averaging the values for the lndlvlduals. Although 
the two methods for determining the group average differ ln the degree of refinement of the 
data, one vlewpolnt is that the method used for the preshot Invertebrates adequately describes 
the trends and that, for these organlsms, further refinement is not warranted because of the 
nature of the errors in the data. 

3. Variance of sample counts: Variance both wlthln groups and between groups was often 
great. The greatest variance and also the highest specific activity were found ln those tissues 
wlth radioactivity from surface contamination, e.g., algae in the digestive tract of fish, sand 
In the gut content of the sea cucumber, algae growing on the carapace of the crab, or fall-out 
particles on the surface of iand plants. On the other hand, the radioactivity of tissues wlth 
absorbed isotopes only, such as muscle, bone, and liver, was less varlable and was usually 
lower. Consequently it is belleved that the greatest cause of variance ln the sample counts 
was due to the amount and type of food ln the digestive tract and/or the materials on external 
surfaces. 

4. Number of items ln a sample: Snail samples resulted from breaking down the collec- 
tion into small groups, such as species. The combination of a few samples and a large value 
for tf t variance considerably lmpalrs the rellablllty of results. 

In view of these considerations the best estimate of the absolute value of the radioactivity 
of a group of organisms at a collecting station is an average of the vabs for the individual 
organisms. However, for comparison of activities by collectlug stations, the beet estimate is 
made by comparing similar species and tissues. Because the variance both between and wlth- 
ln species was often great and the number of samples was limited, the most that can be ob- 
talned from these data are trends and certain relative values. 

. 
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4.1 WATER SAMPLES 

While the land and reef collections were bc.ng made, the M-boat that had transported the 
field crew from the USS Oakhill to the collecti-.g station was used for dredging, plankton towing, 
and water collecting in contiguous waters. Brzause of the expected difference in specific ac- 
tivity, the ;rolume of the preshot water samples was 6 liters, and that of the postshot samples 
was l/Z liter. The samples were collectea witi a Foerst type water bottle. 

4.1.1 Sample Preparation 

Since it was impractical to bring fl-ltter water samples to the laboratory for processing, 
a precipitation method was used in the field for the preshot samples, and only the precipitate 
was returned to the laboratory for counting and analysis. The procedure used in the field was 
determined from experimentation !n :he laboratory with “spiked” sea-water samples and, in 
general, was a double-precipitation process in which most Sission products were brought down 
in a ferric hydroxide scavenge. Calcium and strc#:tium were precipitated as oxalates. The 
specific procedures are outlined in Appendix H. 

4.1.2 Results 

Results are presented in Table 4.1. Note that the values in this table are in terms of milli- 
liters of water samples and that the d&integration rate is as stated and not in thousands as has 
been used in other tables in this report. Also the values for both the Fe(OH), scavenge and the 
Ca-Sr oxalate, even though small, have considerable reliability because the values have been 
based on large samples. The total sample activity was divided by the number of milliliters in 
the sample, which was 6000 for the pretest samples and 500 for the posttest samples. The 
va.luea for whole sample (postshot) were based on a 3-ml sample that was withdrawn before 
precipitation; hence it would be expected to be less reliable. 

From inspection of Table 4.1 the following conclusions can be drawn: For the pretest 
samples radioactivity of the Bogombogo sample was considerably greater than that for other 
stations. Why it was greater is not known, but the activity of plankton samples was also great- 
est from this station. There were small but measurable amounts of activity in water samples 
from other stations. For the posttest samples the amount of activity was closely and inversely 
related to distance of sample from test site. For stations nearest the test site values for the 
posttest samples were several hundred times greater than those for the pretest samples. 
Since the counts of Fe(OH), scavenge and Ca-Sr oxalate do not equal the count of whole sample, 
evidently all the radioactive materials were not removed by these processes. 

A rain-water sample was collected 33 hr after Mike shot in the lagoon off Eniwetok Island. 
A 450-cc sample was evaporated and counted on Nov. 4, 87 hr after Mike, using a Victoreea 
survey meter with a l-in. end-window tube, the window thickness being 1.8 mg/sq cm. The 
maximum count was lO,_OOO per minute. 

4.2 PLANKTON 

The plankton nets were 0.5 m in diameter and 2 m long. The anterior section was cylin- 
drical, and the posterior section was conical with a detachable net end. The plankton tows 
were made in pairs at the surface during daylight hours. One net of each pair was constructed 
with No. 8 silk (74 meshes/in.) and the other of No 12 silk (173 meshes/in.). Towing time was 
usually 1 hr, and the towing distance was about 1% miles. Catches of plankton were small. 
Exclusive of jellyfish, the greatest volume of plankton in a 1-hr tow was 28 cc. ‘Thir: value 
was obtained by decanting and measuring the preservative and then subtracting this amount 
from the volume of preservative and plankton. 
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Table 4.2-RADIOACTIVITY OF PLANKTON SAMPLESOt 

Island 

Preshot 

Net 
Aor B Net D 

Postshot 

Net 
A or R Net D 

Iyrin 0.70 1.1 140 34 
Rigtli ,1.3 71 10 
Bogallua 1100 180 
Bogombogo 2.9 2.4 
Engebi 0.31 0.28 
ROjOil 0.34 0.10 
A?raanblru 108 24 
Runit 0.12 0.11 48 67 

*Measured in disintegrations per minute per gram 
(x lOOO), wet sample. 

t Nets A and B: No. 20 silk, 173 meshes/in.; net D: 
No. 6 silk, 74 meshes/in. 

. 

From an inspection of Table 4.2 the following conclusions are made: There were meas- 
urable amounts of radioactivity in all the preshot samples, especially those from Bogombogo. 
For similar areas the postshot samples were 200 to 300 times more radioactive than the pre- 
test samples. The postshot samples from Igurin were Mgher than those at Rigili, Aaraanbiru, 
or Runlt, which were closer to the shot island. Usually the catch in the fine-mesh net was 
considerably more radioactive than the catch from a coarser mesh net for paired hauls from 
the same station, especially in the postshot samples. 

Some radioactivity was also found in the plankton preservative. The activity of the pre- 
servattve from the Bogallua collection which was filtered through No. 42 Whatman filter paper 
was 10,000 d/m/cc as compared to 11,000 d/m/cc for the unfiltered sample. The plankton for 
the same sample was 100 times greater (l,lOO,OOO dim/g, wet). The activity of the preserva- 
tive suggests that some radioactive isotopes associated with the plankton are partly soluble 
in a 4 per cent formalin solution or that some of the adsorbed particles are washed off the 
organisms. 

4.3 ALGAE 

The algae collections included 5 species of blue-green, 14 species of green, 3 species of 
brown, and 7 species of red algae. A check list of species collected for assay is given in 
Appendix B. 

4.3.1 Analysis by Area 

. 

Because of the paucity of samples and the nonrandomness of sampling, the best evaluation 
of the data can be made by comparing the averages of the radioactivity of all the samples 
collected at each station In Table 4.3 the average radioactivity of the algae at each collecting 
station is given. 

. 

In the pretest collection the samples from those islands close to previous atomic tests 
or upon which previous atomic tests had been conducted were the most radioactive. One sam- 
ple in particular, collected in a stagnant pool 250 yd east of Lake George on Eberiru Island, 
had a count of 54,000 d/m/g, wet weight. Three others, collected on the tide flats at the west- 
ern tip of Runit Island, averaged 31,000 d/m/g. ba the postshot series, for stations within 
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9 miles of the shot Island (Bogallua, Engebi. Aomon). the average of all the algae samples 
from one station was not significantly different from a similar average for any other station. 
The samples collected at the islands beyond this area contained significantly less radio- 
acthity, the least radioactivity being found at Japtan. 

‘Ikble 4.3 -RADIOACTIVITY OF’ALL ALGAE SAMPLES BY ISLAND* 

Preshot Postshot 

Island n Av. Max. Min. n Av. Max. Min. 

Japtan 6 0.066 0.099 0.041 6 0.3 0.70 0.22 
Igurin .5 0.19 0.51 0.075 6 15 36 6.8 
Igurint 3 0.16 0.22 0.067 4 16 40 4.1 
Rigili 4 0.46 0.91 0.14 8 550 2,100 28 
Rigilit 4 0.36 0.58 0.21 

Bogombogo 7 1.6 4.3 0.24 
Bogombogot 2 0.74 1.1 0.37 
Bogallua 8 5,200 14,000 1,200 
Engebi 7 8.2 21 0.18 3 4,000 6,800 2,500 
Engebit 3 8.4 11 6.2 

Aomon- 12 7.7 54 1.7 5 1,400 3,900 56 
Aaraanbiru 

Aomont 4 3,600 6,200 400 
Runit 12 9.8 51 0.087 9 119 250 13 
Runrtt 6 3.5 9.8 0.20 4 92 250 26 

l hfeasured in disintegrations per minute per gram (x 1000). wet sample. 
t Dredged samples. 

4.3.2 Analysis by Species 

Of the seven most common species of algae collected, there is no species showing activity 
which is consistently higher than that of any of the others. The radioactivity of the coralline 
algae. which contain a large amount of calcareous matter, does not differ from that of succu- 

lent forms for specimens at the same station. These data are presented in Table 4.4. When 
the samples were combined into pbyiogenetic groups, still no difference in radioactivity be- 
tween groups could be shown. This observation was also noted in the 1949 survey report.’ 

4.3.3 Radiochemical Annlysls 

Radiochemical analysis of the pretest sample from the Lake George area (Sec. 4.8) showed 
that Ce“‘, having a half life of 280 days, contributed 74 per cent of the radioactivity. Result8 
of radiochemical analyses of posttest samples of sand dredged off Rojoa Island and of three 
algae collected in the lagoon 200 yd off Bogallua Island are given in Table 4.21. 

From 85 to 96 per cent of the total activity of the algal samples IO accounted for by the 
presence of the highly insoluble fission products, Le., cerium, ruthenium, zirconium, and the 
trivalent rare earths. Since the algae are net likely to take up these insoluble material8 in 
their normal physlologlcal prr\Eesses, it seems very probable that most of the activity is 
present on the surface of the algae rather than in the cells themselves. This dew not, hor- 
ever, rule out .he presence of some radioactive salts in the cell structure or in the cell sap. 
It has been shown that Sr” is absorbed by plants,’ and it is generally known that calcium b 
an essential element in plant metabolism. Thus it is highly probable that a Portion of the 
calcium-strontium fraction found in the analyses is in the protoplasm of the algae. 
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Table 4.4 -RADIOACTIVITY OF THE SEVEN MOST COMMON ALGAE BY 
ISLAh-D. POSTSHOT. 

Engebi 
Bogallua 

c Aomon 
Aomon$ 
Igurin 

Igurint 
Rigili 
Runit 
Runit J 
Japtan 

Hulimciiat Caulerpo 

1.700 2,500 
240 150 

2,500 
9 

4 22 
700 

13 120 

0.59 0.33 0.25 

Lyngbya Cladephora 

6.800 2,600 
14,000 6,400 
2,400 56 

820 
36 69 

Bryopsis Lkfyofa Jako t 

2,500 

3,900 
5,300 6,200 

10 

16 

240 
13r 38 

l Measured in disintegrations per minute per gram (A lOOO), wet sample. 
t Coralline algae. 
t Dredged samples. 

4.4 IhTERTEBRATES 

In this section the pre- and the posttest sampling are reported separately since the col- 
lection and analyses of the data were made by different individuals. 

4.4.1 Pretest 

Methods of collection were the same as those for previous surveys; i.e., hand pries and 
gloves were used when necessarv to obtain specimens found while wading or swimming. The 
contents of the small dredge were examined on the stern 31 the M-boat from which the dredgr 
was towed. Special attention was given to locating certain rommnn animals intended to serve 
as a basis lor comparing localities. These were, primarilv, sponges, corals, sea urchins, 
sea cucumbers, ghost crabs, rock crabs, red-eyed crabs, hermit crabs, snails, clams, and 

oysters. During the collection of these primarv kinds, other invertebrates were also sough1 
to obtain a collection that would be representative of the locality. Whereas most of the col- 
lecting was done on the lacoon side of the islands, approxrmately one-third was on the outer 
side, chiefly at Engebi, Runit, Japtan, and Igurin. Specimens from Piiraai were collected bv 
the crew of M-boat 38. 

In the preparation of specimens for ashing, small specimens were ashed entirely, whereas 
large ones were dissected, and the tissues were ashed separately. In the case of intermediate- 
size specimens, hard parts, such as exoskeleton or shell, were separated from salt parts Inr 
ashing. Smaller samples of hard parts than of soft parts were used in order to equalize Ihe 
quantity of ash on the plates. Animals from which tissues were dissected and ashed were sea 
cucumbers, sea urrhins, large crabs, snails, and giant clams. 

. 

Analvsis of the data was based on sample counts of one or more tissues rather than on 
counts of the entire organism, as was done for certain treatments of the fish data. Attempts 
to compare species by areas on the basis nl the ratios 01 activity of their tissues were 
thwarted by a lack of some samples and by the presence of many samples with only background 

counts, i.e., net sample counts of zero. Also the method of ranking was considered but was 
believed to be inadequate berause of the great effect of surface contamination upon the average 
of a limited number of sample counts, as previously stated. 
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Restclfs. Table C.1 gives individual sample values. Table 4.5 shows the average 
amounts of radioactivity In the main invertebrate groups at the collecting localltles. Blanks 
indicate that no specimens were found. These values bear out the inverse relation of radlo- 
activity to distance from the test sites for operattons previous to Ivy, which extended from 
Runlt Island to Engebi Island. Wtthln this range the only significantly low counts came from a 
small collection made by navy personnel on Pitraai Island. However, it is probable that be- 
cause of the position of this island relative to the prevailing winds, waves, and current, it 
neither initially recetved nor retained large amounts of radioactivity in spite of its interme- 
diate position between two shot islands. Igurln and Japtan Islands were almost equally low, 
and Rigill was higher. 

Because of their marked influence upon the averages, the high-counting samples included 
in Table 4.5 and Table C.l are listed separately tn Table 4.6. 

Table 4.5- BADIOACTIVITY OF INVERTEBRATE SAMPLES BY 
ANfMAL GROUPS, PRETEST* 

. 

Sponge 0.2 0.2 3 10 0.4 48 48 3 1 
Worm 0 0.3 0.9 0.9 17 3 
Hydroid 2 7 
Coral 0 0 0.04 0.02 0.3 0 0.1 
Starfish 0 0.5 4 0.8 0.8 0.5 8 0.3 2 
Urchin and 0 0.2 2 4 4 41 0.3 0.02 3 

sand dollar 

Cur umber 0 0.02 0:. 2 0.08 0.08 0.3 1 0.6 0.5 
Cr lstacean 0 0.04 0.03 0.5 0.08 2 0.6 1 0.7 0.9 0.02 1’ 2 
Ga .tropod 0.07 0.03 0.2 0.6 5 5 11 14 7 
Bi: alve 0 0 0.2 0.6 0.1 0.5 8 5 0.1 0.6 0.01 2 1 
Ccnhalopod 0.2 0 
Tunicate 0.5 6 

l Measured in disintegrations per minute per gram (X lOOO), wet sample. 
t Dredged samples. 

The variability that may be expected from two collections taken in close proximity is 
pointed out in the comparison of two collecting areas on Engebi. Collections from the tide 
pool at the west tip on the lagoon side yielded invertebrates containing significantly less 
radioactivity than did those collected on the outer north shore. The average of all samples 
as well as counts of comparable tissues were alike in this respect (Table C.l). 

The relation of radioactivity to animal group is not so clear as it is to locality. Compari- 
son with 1949 findings at Eniwetok shows mutual tendencies toward high activities in samples 
of hydroids, sponges, starfish, and oysters, in descending order of magnitude, wtth crusta- 
ceans and corals containing relatively little radioactivity. 

Table 4.7 gives frequencies of counts by magnitudes for the major collecting areas for 
both pre- and postshot material, exclusive of dredged samples. The trend for high counts to 
predominate near shot areas is almost the same in both pre- and posttest samples. 
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A comparison of the activity in different organ8 of crabe was made using the count found 
in muscle as unity. The values relative to muscle for other tissues in pre- and posttest crabs, 
respectively, were digestive system. 6 and :jO; gills, 3 and 22; and exoskeleton, 6 and 16. In 
40 comparisons of the shell and soft parts d pretest molluscs, the shells were more radio-’ 
active than the soft parts for 25 per cent, :md for the other 75 per cent the reverse was true. 

4.4.2 Posttest 

Invertebrates collected after hiike test are llsted in Table C.2. LimiWior of time made 
it impractical to search thoroughly for specimens tht would have made possible a complete 
comparison of collection statlons acccrding to species. Since the collections were made soon 
after the shot (2 to 8 days), it may be presumed that the distribution of radioactive materlals 
was still in a state of flux in the waters of the lagoon, with consequent variability in the degree 
of radioactive contamination even between local areas at a given st?tion. 

The specific activity of individual samples of invertebrates ranged from background at 
Ja#an to 15,000,OOO d/m/g, wet (Band from sea-cucumber gut), at Engebi. One exceptional 
piece of coral detected from an adtoradiograph (Pig. 4.18b) had a specific activity of approxi- 
mately 100,000,000 d/m/g. 

(a) Analysis by Area. Differences in activity between organisms at various collecting 
stations depend upon the species and orgxn or tissue betng considered. When compared by 
ranking wtthin each of the 19 classes of items in Table 4.8, the stations, given ln decreasing 
order of radioactivity, are: Dogallua, Engebi, AananbiN, Rigill. Runlt. Turin, and Japtan. 
The giant clam, Ttiacnu, was the only species collected at every station. Comparison of 
individual tissues of this clam at each station is made in Fig. 4.1. The specific activity rela- 
tive to Igurin is shown for gill, mantle, muscle, and digestive gland (liver). Regardless of the 
tissue considered, the ranking of the stations remains the same. Japtan is not included since 
several of the counts were background; hence the ratios are meaningless, ark! the relative 
activity was in every case less than 1. Included in Fig. 4.1 are the relative activities of beach 
sand or soil and bottom sand from each station. The latter has a higher relattve specific acuviq 
at Engebi than at Bogallua, whereas the reverse is true with the giant-clam tissues. No landing 
was made at Bogallua; consequently no beach sand is available from that station. Bottom sand 
was taken from sea-cucumber guts, usually Eofothurfa dru. This can be considered a random 
sample of the bottom sand since II. a&u shows no selectivity in its ingestion of bottom mate- 
rials.’ This difference between Engebi and Bogallua may well be a matter of sampling. One 
such sample collected from each of the two stations differed by a factor of less than 3, where- 
as the maximum and minimum specific activities of a series of nine sea-cucumber guts taken 
from an area of less than 1000 sq ft at Aaraanbiru differed by a factor of more than 6. 

The average values of all invertebrate samples from each station are given in Table 4.9. 
The limited usefulness of these values was discussed earlier in this chapter. The values were 

not considered in the ranking of stations discussed in the preceding paragraph. 
&) Tissue and Organ Differences. General statements can be made regarding tissue and 

organ differences in specific activity, although there were not sufficient specimens of nny one 
species of invertebrates to warrant statistical analysis. The relative rankings presented here 
are based on a comparison of the specific activity of each tissue or organ in individual speci- 
mens. HOWeVer, the same relation can be found in Table 4.8, which 1s based on the average 
values of similar species. 

1. Muscle consistently has the lowest specific activity regardless of species. 
2. Liver, or digestive gland, is the only tissue sampled, other than muscle, which is not 

subject to external ContaminaUon. It rarely has a higher specific activity than the dfgeetive 
tract and is always more radioactive than muscle. 

2. The relative specific activity of the gill varies with the species. In the clams the gfllr, 
which are the food-gathering organ, have the highest activity, exclusive of the digestive tract 
with its contents. In those soils having a gill, the liver is the more active. The liver is 2180 
more active than the gill in :::c’ crabs. 
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NAUTICAL MILES FROM GROUND ZERO 

Fig. 4.1- Relative radioactivity of soil or beach sand. Bottom sand taken from sea-cucumber guts and 

giant-clam gill, mantle, muscle, and digestive gland. The relative activity of each type of 
sample at Igutin is taken as 1. 
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Table 4.8 - RADIOACTIVITY OF SEPARATE TISSUES OR ORGANS OF DIFFERENT 

GROUPS OF INVERTEBRATES. POSTSH0T.t 

Invertebrate, , 
Collccttng stations 

. 
OrgaJI, and tirruc Japtan lgurin Rigili B&ma Engebt Aaraanbiru Runit 

Digestive tract 

and contenta: 

ChIK4S 

crabs 
Sea cucumbers 

Muscle: 

clams 

snails 

Crabs 

IYlmtle: 

CkllM 
Gystcrs 

SllSflS 

Bodywalk 

Sacucumbcrs 

Gill: 

ClnlM 

Crabs 
Sea cucumbers 

Liver: 

Clams 

Crabs 

Shell or 
UXOkal&XK 

ChUM 

SildS 

crabs 
Entire coral 

0.076 3.7 
0.081 9.7 

0.14 64 

0.055 

0.049 

0.29 

0.057 

0.12 

0.015 
0.062 

0.33 

0.050 

BZClrgrarud 

BiWkground 
0.16 

B8CkigWld 

0.15 0.75 

0.25 2.4 
0.10 1.8 

0.25 

0.52 

2.8 15 

0.22 
0.64 

0.48 

1.1 
0.61 

2.2 

0.00 

1.2 

0.55 

74 

200 

1.5 

15 

4.1 

49 

2.6 

2.9 

29 

9.1 

8.0 

22 
15 

530 

5,900 

54 

120 

110 

190 

120 

122 

2,000 

480 

7,000 

15,000 

10 

r10 

22 

220 

4,300 

2.3 

3.1 

4.8 

120 

52 

51 

100 

24 

59 

9.8 

8.8 

45 18 

750 

2,700 

20 

21 

110 

2.0 

4.3 

1.2 

2.1 

4.2 

12 

12 

S.B 

2.1 

17 

25 

l Meuured in dtsintegratio& per minute per gram (x lOOO), ret sample. 
t For II, maximum, and minimum, refer to Table C.2. 
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‘Ikble 4.9--RADIOACTIVITY OF ALL INVERTEBRATE SAMPLES COUNTED AT 
EACH COLLECTING STATION, PGSTTEST* 

‘ 

Japtan Igurin Fugili Bogallua Engebi Aaraanbiru Runit 

Maximum 0.47 75 400 7,700 15,000 6,500 160 
. Minimum 0 0 0.35 25 10 2.1 0.63 

Average 0.083 4.0 44 1,200 1,700 1,100. 26 

l Measured in disintegrations per minute per gram (X lOOO), wet sample. 
_ 

4. The digestive tract with its contents is usually the most radioactive portion. Its activity 
is highly variable, however, even within a species from the same station. 

5. Shell and carapace are aIso highly variable in specifk activity. 
6. The rankings of tissues in descending order of specific activity with individual excep- 

tions are as follows: 
a. Clams: (shell variable in position) 

(1) Digestive tract (visceral mass with contents) 
(2) Gill 
(3) Liver 
(4) Mantle 
(5) Muscle 

b. Snails: 
(1) Liver 
(2) Gill 
(3) Mantle 
(4) Muscle 

c. Octopus (one 8pecimen): 
(1) Liver 
(2) Gill 
(3) Muscle 

d. Hermit crabs: (carapace variable in position) 
(1) Digestive tract with contents 
(2) Liver 
(3) Gill 
(4) Muscle 

e. True crabs: (carapace variable in position) 
(1) Digestive tract with contents 
(2) 
(s) 

I 
Liver or gill 

i4j rude 
(e) Species ZXff4rence8. There were not enough samples at any one island to reliably 

determine opecies differences. It is probable, however, that both species and individual dif- 
ferencee are considerable, as is indicated by the data from the two similar species of sea 
cucumbers presented in Table 4.8. 

At Rigili and Igurin, where several specimens of crabs were taken (not more than two of 
one species), differences within a species are as great as between species. Tissue for tissue 
the land hermit crabs, Cembila, may have a higher specific activity than the shore crabs. 

fif) Conclusions. The most obvious and striking conclusion is that there was great vari- 
ability in the amount of radioactivity found in invertebrates at every station sampled. The 
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distribution of radioactive materials &as evidently still in a state of considerable flux eight 
days after the shot. Surface contamination or the presence of radioactive material in the con- 
tents of the digestive tract accounted for most of the radioactivity found in the invertebrates. 
An appreciable amount, however, was absorbed into the tissues. Muscle consistently had the 
lowest specific activity, and digestive tract, with its contents, the highest. Other tissues or 
organs varied in rank, depending on the species. In general, invertebrates taken at the northern 
stations were the most radioactive. The decrease in radioactivity from north to south appeared 
to be more rapid on the east than on the west side of the lagoon. 

4.5 FISH 

4.5.1 Materials and Methods 

The fish specimens were collected in water poisoned with derris-root powder in depths 
to 12 ft, usually on the lagoon side of each of the station islands. Areas selected for poisoning 
had a minimum of current as well as adequate coral and substrate to support the typical reef 
population of fish. 

Tbe number of fish collected varied from 26 to over 300 per station, depending on the 
success of the poisoning operation and the number of species present. These fish represented 
from 10 to more than 30 families and varied in weight from less than I to 1589 g (average 
51.1 g). 

Although there were several hundred species of fish living on the reef, the species selected 
for analysis of radioactivity were those most common to all stations and those that were rep- 
resentative of the various types of feeding habits. Most of the epecies selected were reef 
dwellers and more or less sedentary; however, a few, such as goatfish, jacks, and flaffieh. 
which prefer an open sandy bottom were also taken and ashed for counting. 

The fish which best fulfilled the criteria listed above were the damselfish (Pomocentridae), 
surgeonfish f&xmtkmidae), grouper ~crrwridae). and wrasse (Labridae). Table C.3, which 
summarizes the material used in the analysis for radioactivity, shows that these four families 
were taken at all stations. Certain species, such as the grouper, Epiruphehelus merra. the 
damselfish, Abudefduj biocellatus. the surgeonfish, Acanthurus friostegus, and the wrasse, 
iialichoeres trimaculahcs, were taken at a majority of the stations. 

A total of 237 specimens representing 58 species, 33 genera, and 22 families of fish 
were counted for radioactivity on 768 plates. 

The following organs of the large specimens selected were analyzed for radioactivity: 
muscle, skin, bone, liver, and gut (including contents). In small fish the following were com- 
bined for analysis: (1) muscle, skin, and bone; (2) gut and liver; or (3) entire fish. Omnivores 
and carnivores were selected in approximately equal numbers at each atation. 

In order to compare the activity found in various samples of entire fish, the total activity 
per gram of an individual fish was calculated as the sum of the activity of all tissues, the 
procedure* followed in 1949. The results are recorded in Table 4.10. The tissues listed in 
this table made up at least 95 per cent of the total weight of the fish. Gills, glands, and nervous 
tissue were assumed to be similar in activity to bone, skin, and muscle. 

4.5.2 Analysis by Area 

Comparisons of averages for entire fish indicate ‘hat the greatest amount of radioactivity 
was in poetshut samples collected at Engebi Island, followed by Pogallua, Aaraanblru, Ftigill, 
Runit, Igurln, and Japtan in descending order (lable 4.10 and Fig. 4.2). 

If the tissues are analyzed by stations, a slightly different order is indicated. Activity in 
muscle is greatest at Bogallua, followed by Engebl, Aaraanblru, Rigili, Igurin, Japtan, and 
Itunit. The sequence is similar for the activity in bone, skin, and liver, except for a shifting in 
the last four islands. Japtan generally appears to be lowest in activity, with Igurin next lowest, 
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Fig. 4.2-Histograms showing radioactivity in wet weight [d/m/g (x lOOO)] of wbob fish and of fish 
tissuea for all stations. Open hirtogtrms, preshot. Shaded birtogtams. p&hot. 
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and Rigili and Runit alternating in position. The activity in the gut had a sequence similar to 
that of entire fish because the gut and contents were the greatest contributing factors. 

The greatest increase of radioactivity in posttest fish over preshot levels was in the 
islands to the west and south of Elugelab, where it was especially nottceable in muscle, skin, 
bone, and liver. In spite of the fact that Bogallua fish had slightly less activity in the gut, 
several times as much activity appears in the liver, bone, skin, and muscle as in postshot 
fish from Engebi. These data seem to indicate that the metabolized and, to some extent, the 
adsorbed (onto the skin) radioisotopes were available in greater amounts at Rogallua; i.e.. 
they were carried westward from the target area by currents and wind in the lagoon. This is 
partially substantiated by the presence of turbid water west and southwest of the target area. 
It must be noted also that much of the activity at Engebi was preshot and probably made up of 
considerable inert material, biologically speaking. 

A large number of dead and dying fish were seen in and close to the turbid water flowing 
from the target area westward inside the lagoon between Elugelab and Bogallua eight days 
after the blart. There were some injured fish at Engebi also, and two or three badly injured 
goatfish were collected near the shore (Fig. 4.3). 

4.5.3 Analysis by Species and Feeding Rabits 

Among those fish which are fairly well represented in the samples, the damselfish appear 
to ingest the greatest amount of active material, followed by surgeonfish, butterfly fish, parrot 
fish, gobies, wrasses, squirrelfish, cardinal fish, and groupers. Other species, of which we 
have only a few samples and which indicate their ability to absorb active materials, are file- 
fish, blennies, puffers, and eels (Table 4.11). As the range of disintegrations per minute per 
gram indicates, there is great variation from species to species, island to island, and even 
from specimen to specimen, especially evident in the postshot fish. 

Omnivorous species almost invariably showed more activity than carnivorous species 
from the same area. Exceptions were found at Igurin and Japtan (Fig. 4.4), where activity 
was more or less similar in the two groups. Comparisrns of preshot activity at other stations 
indicate that the omnivores are two to aeven times as .tiioactive as the carnivores. Compari- 
sons of postshot act@ity indicate that the great+ cciiference existed at Engebi, wherr otnnl- - ,l. 
vores were about 32 times as radioactive as carnivores, and at Aaraanbiru, where omnivores 
were about 30 times as active. 

The data indicate that the omnivores to carnivores ratio of radioactivity was greater at 
Aaraanblru and Engebi than at Japtan and Igurin. This is further substantiated by comparing 
like tissues of carnivores and omnivores. At Japtan and Igurin comparatively small amounts 
of preshot radioactive material were taken into the gut of either omnivores or carnivores, and 
approximately equal amounts were retained in the muscle, skin, bone, and liver. On the other 
hand, at preshot and postshot islands, where the activity was comparatively high, the omnivores 
took ln considerably more radioactive mate&l in feeding than the carnivores but retained 
proportionately less in the liver, bone, skin, and muscle. For example, at Engebi and Aaraan- 
biru the activity in the gut of omnivores was approximately 21 and 125 times as great, respec- 
tively, as ln carnivores; yet the radioactive materials retained in the muscle, skin, and bone 
ranged from only 2.5 to 7.2 times as much in omnivores. It should be pointed out, however, 
that, because of the great variation in activity of the gut, both within and between species, any 
conclusions made should take this factor into consideration. 

4.5.4 Analysis by Tissues or Organs 

The data for the analysis of tissues or organs are summarized in Tables 4.12 and 4.13, in 
whtch the wet weight of tissues (disintegrations per minute per gram) is compared by islands 
and by feeding habits. Part of the material has been discussed on the preceding pages. 



Fig. 4.3 -Injured goatfish, M. a@Zamma, collected af EngeM Nov. 8. 1952. Che of many seen 
along the shore in an mjured condition. Note absence of skin and scales on right ride and 
back above lateral line. Left side of fish apparently normal. 
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Fig. 4.4-Hlrtograms showing rrdioactlvlty of vrrloua speciu of fish. Omnivores and crmtvoru and 

all omnlvorcr and camivora combined are repruented cpcn histograms, pruhot. Shaded 
bittDgranls* pourhot 
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‘Fable 4.11 -RADIOACTIVITY OF FISH FROM ALL STATIONS COMPARED BY 
FEEDfNG HABITS. 

Common name n 

Preshot 

Bange AI. n 

Portshot 

.Bange AV. 

Omnivores: 
Damsel 
Surgeon 
Butterfly 
Parrot 
Blelllly 

Brotulid 
Mullet 
Puffer 
Filefish 

10 0.024-1.5 0.30 24 0.22 -800 300 
8 0.024-0.11 0.056 a 0.31-1100 150 
6 0.021-0.35 0.13 6 0.27 -570 120 
4 0.067 -2.3 0.70 11 0.091-340 62 
6 0.013 -0.085 0.16 3 0.042 -367 130 

5 o-o.57 
1 0.022 

All omnivores 46 O-2.3 

Carnivores: 
Grouper 
Squfrrel 
Wrasse 
Goaff ish 
Eel 

GobY 
Cardinal 
Snapper 
BMbeak 
Jack 

Smelt 
Flatfish 
Reeffish 

All carnivores 

7 0.017-0.064 
7 0.035-0.14 

11 0.017 -0.33 
6 0.031-0.69 
3 0.022 -0.032 

4 0.079-0.130 
7 0.004 -0.450 
2 0.026 -0.006 
1 0.073 
1 0.041 

1 0.044 
1 0.013 

Omnivores and 
carnivores 

51 0.004 -0.69 

97 o-2.3 

1 
0.11 
0.022 3 

1 

0.22 57 

2.8 2.8 

11-160 60 
220 220 

0.042-1100 190 

0.039 8 0.32 -22 6.8 
0.120 11 0.14-24 11 
0.070 29 0.17-79 30 
0.16 4 0.14 -7.6 2.3 
0.029 4 0.11-61 46 

0.092 7 0.22 -98 56 
0.082 5 0.10-23 10 
0.946 3 2.0-12 5.5 
0.073 1 1.3 1.3 
0.041 2 0.17 -0.86 0.52 

0.044 
0.013 

5 

0.081 79 

0.15 136 

13 -lc? 47 

0.10-98 24 

0.042-1100 92 

l Measured in disintegrations per minute per gram (x lOOO), wet sample. 

Generally, in both preshot and postshot fish, the greatest amount of activity was found In 
the gut, wfth liver, skin, bone, and muscle havfng lesser amounts in descending order of 
magnitude. Exceptions to thfs sequence were most numerous in skin and bone counts, f.n 
which the disintegration rates were about the same. Omnivores usually had lightly more 
activity in the bone than in the skin, whereas the reverse was generally true in the carnivores. 
Gther exceptions occurred in most of the firh at Japtan and in the preshot samples from 
Igurin, where the activity in the livers was usually lower than in other t&sues, whereas mus- 
cle radioactivity was comparatively high in proportion to other tissues and when compared 
with other stations. 

Counts in skin and bone averaged about twice the counts In muscle in preshot omnivores 
and carnivores. in postshot omnivores the skfn and bone counts were about five times those 
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Table 4.12-RADIOACTIVITY OF FISH TlSSUES COMPARED BY STATIONS, PRESHOT* 

Japtan xgurtn mgilt Bogombogo Engebi Aomon Runit AV. Range 

Omnivores: 
Muscle 
Skin 
Bsne 
Liver 
Gut 

n 

Carnivores: 
Muscle 
Skin 
Bone 
Liver 
Gut 

n 

All fish: 
Muscle 
Skin 
Bone 
Liver 
Gut 

n 

0.010 0.022 0.040 0.021 0.040 0.030 0.036 0.028 
0.023 0.013 0.048 0.058 0.14 0.064 0.061 0.055 
0.011 0 0.059 0.032 0.23 0.064 0.10 0.060 
0 0.020 0.065 0.18 0.50 0.24 9.29 0.16 
0.063 0.040 0.34 1.1 6.2 2.0 20 3.4 

7 6 5 5 4 6 4 37 

0.022 
0.019 
0.028 
0.018 
0.031 

4 

0.020 
0.021 
0.018 
0.007 
0.051 

11 

0.018 0.018 0.020 0.025 0.023 0.036 0.027 
0.030 0.11 0.033 0.10 0.050 0.053 0.054 
0.010 0.067 0.009 0.096 0.049 0.034 0.040 
0 0.084 0.085 0.11 0.15 0.090 0.082 
0.033 0.097 0.44 0.77 1.4 7.6 1.6 

6 5 8 5 7 6 41 

0.020 0.029 0.020 0.032 0.025 
0.021 0.077 0.042 0.12 0.056 
0.005 0.063 0.018 0.16 0.056 
0.010 0.075 0.1s 0.28 0.19 
0.037 0.22 0.70 3.2 1.7 

12 IO 13 9 13 

0.037 0.026 0 -0.092 
0.064 0.055 0 -0.33 
0.060 0.049 O-O.56 
0.17 0.12 o-0.71 

13 2.4 o-45 

10 78 

0.014 -0.092 
O-O.24 
O-O.56 
o-o.71 

0.026 -45 

o-0.057 
0 -0.33 
O-0.16 
O-O.24 
o-33 

l Measured In dlsfntegratlons per nAnute per gram (x lOOO), wet sample. 
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Table 4.13 -RADIOACTMTY OF FISH TISSUES COMPARED BY STATIONS, POSTSHOT+ 

Japtan Igurin Rigill Bogallua. Engebi Aaraanblru Runit Av. Range 

Omnivores: 
Muscle 
Skin 

Bone 

Liver 
Gut 

0.12 0.12 0.33 22t 7.8 2.4 0.28 8.5t o-35 
0.16 0.31 2.3 120 46 12 0.90 33 0.080-186 

0.33 0.24 0.90 130 50 11 1.0 35 O-182 

0.15 0.57 60 1200 540 370 8.0 340 O-2100 
0.32 2.4 130 3000 3300 5500 26 1400 0.13 -6800 

n 5 5 0 ? 5 2 4 34 

Carnivores: 
Muscle 

Skin 

Bone 

Liver 

Gut 

0.28 0.13 0.16 8.0 3.2 0.40 0.14 2.5 0.032-18 

0.35 0.24 0.88 22 9.6 2.3 0.47 6.9 o-31 

0.30 0.38 0.46 16 7.7 1A 0.66 5.1 o-45 

0.11 0.59 4.0 89 15 5.2 1.1 24 O-190 

0.26 0.76 140 520 160 28 11 160 0.051-890 

n 5 6 6 10 5 6 5 43 

All fish: 
Muscle 0.19 0.13 0.25 1st 5.5 0.69 0.19 4.3t o-35 

Skin 0.26 0.27 1.6 63 28 4.8 0.66 18 O-166 

Bone 0.32 0.32 0.68 61 32 4.1 ’ 0.83 18 O-182 
Liver 0.13t 0.58 35 550 220 97 4.2 160 O-2100 
Gut 0.29 1.5 140 1600 1700 890 18 690 0.31-6800 

n 10 11 12 17 10 

l Meaeured in dialntegratione per minute per gram ix lOOO), wet sample. 

tn+l. 

8 9 77 

8 . 



. . 

. . 

t 
- 

of the mu&e, and in carnivores about two to three times those of the muscle. Differences 
between these three tissues seemed to be greatest at Rigili, Engebi, and Aaraanbiru in post- 
shot fish. 

Aside from the exceptions at Japtan and Igurin mentioned above, &he liver was usually 
much more radioactive than skin, bone, and muscle. The average for all fish livers combined 
was about twice that of skin and bone at preshot stations, increasing to about nine times in the 
postehot fish. The increase in activity in postshot over preshot carnivore6 was less than that 
of omnivores. of the preshot fish samples ommvores from Engebi had the highest count in 
liver tissue. After the shot Rogalfua omnivore6 had the most radioactive liver tissue. 

The gut averaged about twice as high as the liver at all preshot stations, increasing to 
four times in postshot fish; the greatest increase was found in omnivores at Engebi. Postshot 
carnivores at Rogallua had three times as much activity in the gut as carnivores at Engebi. 
Comparatively high counts were found in the gut of preshot fish at Rurit and Engebi and, to 
some extent, at Rogombogo and Aomon. Fish with the lowest activity in the gut were collected 
at Japfan. 

Distribution of radioactive materials throughout the tissues from gut to muscle was fairly 
uniform in preshot and poetshot fish from Japtan and fgurin. For example, by comparing the 
radioactivity in the gut with that of muscle of all fish, the preehot activity in the gut was about 
2.5 and 1.9 times that of muscle at Japtan and fgurin, respectively (Fig. 4.2). At other islands 
the ratios between gut and muscle were markedly greater: about 10.3 times at IUgilt, 35 times 
at Rogombogo, 100 times at Engebi, 88 times at Aomon, and 352 times at Runit. Postshot 
ratios were as follows: Japtan, about 1.5 times; Igurin, 42; Rigill, over 3000; Rogallua, 107; 
Engebi, 310; Aaraanbiru, 1000; and Runit, 940. Ratios between tissues thus seem proportion- 
ately less with distance from shot islands, with the exception of Rigili, and were least to the 
south and eoutheaet within the Atoll. 

The average increase in all tissues from preshot to postshot activity was greatest by far 
at Rogallua (Fig. 4.2 and ‘Dtble 4.10). Although Engebi and Rogallua were about equidistant 
from the target center, the amount of radioactivity in fieh tissues at Rogallua showed an in- 
crease of 4 to 18 times that of the fish tissues at Engebl. The data indicate that, of the radio- 
active materials taken into the gut at Engebi or Rogallua, a greater proportion reached the 
muscle, skin, bone, and liver of fish at Rogallua than at Engebi. 
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4.5 LARD PLANTS 

i The plants collected before and after the shot included 15 species of flowering plants, 
4 species of fungi, and 1 species of lichen. Some of the plants were collected at only a few 
of the stations. A check list of land plant6 collected is given in Appendix E. In general, col- 
lections were made in the areas where rat traps were set (Sec. 4.7.1), but a few were made 
along the beach or wherever it was possible to obtafn certain of the species. Same plants 
were pressed directly in the field for future use in autoradiography; others were preserved 
for identification. Radiological assay of the plants followed the same procedure used for the 
other organisms. Count6 were made on leaves, stems, roots, flowers, fruits, and fungi. 

4.6.1 Analysis by Area 

r 

Table 4.14 is a summary of the activity found in all the plants collected at each et&ion 
before and after Wke shot. Counts of all plant parts are included in the averages. 

The greatest amount of activity was found at Engebi fsland both before and after the Mike 
test. Since landings were not made at either Rogailua or Rogombogo after the shot, there were 
no collection6 at these islands. In general, the activity levels of the land plants were lower 
thsn those of the algae collected at the same island, but the trend is similar. Plants from those 
islvlds closest to and west of the shot island contained the highest activity. Most of the plants 
at Engebi and Rojoa, as well as some at Rlgllf, were either burnsd or physically damaged after 
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Mike ehot. Comparison of counts of damaged and healthy leaves from R&ill plante showed no 
marked differences between the two, indicating that most of the activity was on the surface 
of the leaves. 

Table 4.14-RADIOACTMTY OF LAND PLANTS BY STATIONS* 

Preehot Postshot 

Island Mean n Max. Min. Mean n Max. Min. 

Japtan 0.014 14 0.074 Background 0.24 tl 0.33 0.13 
Igurln 0.28 22 3.7 Background 18 11 39 0.83 
Rlgili 0.56 17 8.6 Background 100 20 820 1.0 
Bogombogo 0.12 22 1.8 Background 
Engebi 0.83 24 3.4 0.092 1909 6 4000 280 
Aomon and 

Rojoa 
0.28 30 1.3 

Background 
89 12 370 4.9 

Runit 40 2 60 20 

*Measured in dieintegratione per minute per gram (x lOOO), wet sample. 

. . . 

). 

4.6.2 Analysis by Species 

Because of the incompleteness of the collection8 and the great variation withIn species, it 
is not reasonable to attempt to determine whether significant differences in the amount of 

activity exist between species. From the data available it appears that bunch grass, LepftltW 
repene, had the highest activity of the plants collected at Rigili and Rojoa after the shot. On 
the other hand, Mycene, a fungus, was among the highest at Rigill, but lowest at Igurin. Be- 
cauee of inconeietenciee of this nature, conclueione as to species differences are not justifiable. 

4.6.3 Analysis by Organs 

No specific conclusions can be made regarding radioactivity in the organe of the land 
plante collected before and after Mike shot because of the inconsistencies encountered. At 
some collecting areas the roots had the highest activity, at others the loweet. In general, the 
leaves were highest. An insufficient number of flower and fruit samples was aeeayed from the 
poet-Mike series to warrant comparison. 

4.8.4 Radiochemical Analyses 

L 

c_ 

Radiochemical analyses of poet-Mike soils from Rlgili, Rojoa, and Runlt and of post-Mike 
plants from Engebi were made in order to determine the identity and relative amounts of fie- 
eion products present. By comparing the relative percentages of specific fission products in 
planti with those found in the soil and knowing the eolubillty of these fission product6 in water, 
it fe possible to estimate wNch leotopee have entered the plant via. the normal processes of 
mineral absorption. The results (Table 4.15) are tabulated as percentage of total recovered 
activity in the sample, although actual chemical yield wae approximately 75 per cent of the 
total radioactivity in t:le samples. If the percentage8 of the radioieotopee in plant and eofl 
samples are approximately the same, then it may be aeeumed that the radioactive material ie 
adsorbed onto the surfaces of the plants. The radiochemical anelyeee and the analytical pro- 
cedures are described in Sec. 4.8 of this report. The radiochemical content of the roils from 
the four islands is fairly uniform, with some exceptions noted in the Engebi soil. Ae in the 
soil samples 80 to 85 per cent of the radioactivity in the land plants from Engebi wae found 
in the highly ineoluble fission products that are absorbed by the plante in minimal amounts 
under normal conditions. The remaining portion cf the radioactivity is found in the more 
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soluble calcium-strontium fraction, which is known to be actively absorbed by living plants. 
The marked difference between the percentage of the calcium-strontium fraction found in the 
plants from Engebi and that found in the soils. indicates that the plants absorbed more of this 
fraction than any of tha other radioactive materials present in the soil. 

4.85 Conclusions 

Analysis of the data obtained from counts made of 57 samples of land plants collected 
after Wke detonation shows a correlation between distance of collection area from Ground 
Zero and amount of radioactivity in the samples. On the basis of these data no clear-cut dif- 
ferences can be pointed out ae to the relative activity between species or between organs of a 
plant. The problems presented by surface contamination make further interpretations unreli- 
able. 

Table 4.15-RADIOCHEMICAL ANALYSES OF SOILS AND PLANTS, POSTSHOT* 

Fission 
product 

sofl Engebi plants 
r \ 
Rigili RoNa Runit Engebi - Ttiumfetta fIedge 

Cerium 
Trivalent 

rare earths 
Zirconium 
Ruthenium 
Barium 
Calcium and 

strontium 
Cesium and 

rubidium 

32.2 25.0 24.5 31.2 24.0 25.7 
18.5 21.2 18.0 13.5 24.8 24.2 

20.8 24.5 25.5 IQ.8 13.7 12.9 
20.8 19.3 19.3 31.5 16.6 22.0 

4.0 6.5 3.8 4.5 4.0 
3.2 3.8 11.1 3.0 16.8 11.3 

0 0 0 0 0 

*Measured as the percentage of the total recovered activity. 

4.7 LAND VERTEBRATES 

4.7.1 Collecting Methods 

‘. - 

Attempts were made to collect rodents and birds at each of the principal collecting eta- 
tions, although they were not always successful. 

Rats, Rnttus e.nduns. were collected by setting live traps in the runways near the openings 
of the rat burrows. The traps were left overnight since these rats are, for the most part, noc- 
turnal in their feeding habits. Openings to the burrows are found under and around clumps of 
grass or under beach magnolia bushes, Scaevola jrutesce?ls. These rats do not inhabit areas 
containbig no plants. 

Rats were found on Engebi, Biijiri, and Rojoa prior to Mike detonation. After the shot 
they were taken on Biijiri only and were ill and lethargic. There is little probability that any 
rats survived on Engebi because it was denuded by the heat and shock wave, then partly Inun- 
dated by water waves from the blast, and had a radiation reading of 11 r/hr 2 in. from ground 
level for beta-gamma seven days after the detonation. That there was little chance of animals 
surviving is illustrated by the fact that the sole bird found on Engebi postshot had been blown 
to pieces by the shock wave. 
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Birds were collected at two stations, Igurin and Ftigili, prior to Mike detonation. After the 
shot they were taken at eight stations and, with the exception of two stations, consisted entirely 
of terns (Laridae family). Within this group the fairy tern, Cygis olbo. and the common noddy 
tern,Anous stolidrcs, were taken when available. These two species usually remain close to 
the nesting grounds, although they may forage over a range of several islands in search of food. 
Other terns taken included the sooty tern, Sterno fuscata. the crested tern, S. bergii, and the 
arctic tern, S. paradisaeu. All birds were collected with a shotgun. 

The food of the terns inhabiting Eniwetok Atoll consist8 almost entirely of small live fish 
caught near the surface of the water. Occasionally small. octopi are eaten. Terns are not 
scavengers and do not eat refuse. The food of the shore birds is composed mostly of insects 
and small crustaceans found on the beaches. 

At Aaraanbiru one shore bird was taken in addition to the terns, and at Rojoa the collection 
consisted entirely of shore birds. The shore birds taken included the golden plover, Pluuiulis 
dominicu fulva. the wandering tattler, Heteroscelus incanus. and the turnstone, Arenariu 
interpes morinellu. Shore birds are not desirable specimens for this survey because of their 
extensive migratory habits but were collected when terns were not available. In the instances 
where shore birds were taken, however, the factor of migration was of little consequence. It 
was apparent that these birds were on the island where collected at the time of the detonation 
since they were injured and burned to such an extent that they were unable to fly. 

Rojoa was the closest island to Ground Zero on which live birds were seen or taken. The 
birds at Runit, Ftigili, and ecpecklly at Rojoa had been burned, sometime8 to the bone, and 
were ill (Figs 4.5 and 4.6). Birds with dark-colored feathers were burned more severely 
than were the white fairy terns. 

‘Ihe birds were placed on ice as soon as they were shot. The rats were rehunad alive 
in the traps. When the traps with. the rats were returned to the USS Oakhill, they were placed 
in a deep-freeze unit so that death occurred from freezing. 

The following tissues were taken: for rats, skin, muscle, bone, liver, stomach, gut, kid- 
ney, and lung (in postshot specimens); and for birds, skin, muscle, bone, liver, proventriculue, 
gizzard, gut, and lung (in some specimens). Special care was taken in aI dissections to pre- 
vent cross contam:nation between organs. The dissection instruments were washed and wiped 
after each step, and the digestive tract with its contents was dissected out last to prevent 
general cross contamination by the more or less fluid digestive-tract contents. 

4.7.2 Results 

The specific activity of the organs and tissues of the rats is given in Table 4.16. In Tables 
4.l’la and b the disintegration rate for activity within the organs and tissues of the birds 1s 
given. 

4.7.2 Analysis of Organs and Tissues, Preshot 

The amount of radioactivity found in the organs and tissues of rats and birds in the pre- 
shot collection8 is small (‘Bibles 4.16 and 4.17a), with a maximum of ‘? d/m/g in the terns 
and 26 d/m/g in the rats. However, there are similarities in the distribution of the activity 
according to the different tissues and organs of the rats and birds. In Fig. 4.7, histograms 
of the average disintegration per minute per gram for the organs and tissues of all the pre- 
shot birds and rats are given. Similarities in radioactivity levels for like organs or tissues in 
the birds and rats are apparent, with gut, muscle, liver, skin, and etamach in both groupa 
containing measurable amounts of radioactivity. In bone none was detected. If the organ&! and 
tissues are arranged in descending order of average activity, the order is identical in the 
two groups. 
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Fig. CS-Photograph of a singed plover taken on 8lljld (84, naudcrl milea from Ground Zero) Nov. 7. 
1952. The bird had appuently been flyiog with iu left tide toward Gtound Zero at the tlmc 
of detaudon, as i&iuted by the configuration of bums on the remiget and the covem I 
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Fig. 4.6 -Photograph of a singed noddy tern taken on Rigili Nov. 5. 1952. The bird was flying away 
from Ground Zero at the time of detonation. The retricu were burned, and the bird was 
unable to fly. The contow feathcn on the back of the head and neck were also singed. 
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‘lkble 4.16-IUBIOACTIVITY OF BATS* 

Weight, 
Islnnd g 

Stomnc h 
and con- Cut and 

Shin Murcle Bone Liver tents contents Lung Eidney 

Engebi 
Biijiri 
Rofol 

Biijtri 

Av. 

175 
57 
a2 
77 
63 

58 6.4 0.48 
66 9.0 1.6 
69 14 1.1 
72 8.8 1.0 
95 9.1 0.08 

120 7.6 0.76 

0 0.011 
0 0.020 
0.020 0.014 
0 0.016 
0 0.020 

9.2 0.94 

Preshot 

0 0 
0 0.012 
0 0.012 
0 0.012 
0 0.016 

Porbhot 

1S 1.9 
a.3 2.2 

la 2.3 
12 1.5 

7.0 1.9 
46 1.5 

17 1.9 

0 

0.016 
0.010 
0 
0 

0.94 
10 
s.7 
0.20 
1.2 
3.5 

4.3 

0.018 0 0.015 
0.026 0 0 
0.016 0 0 
0.011 0 0 
0.014 0 0 

34 1.2 2.2 
11 1.4 3.4 
3.2 1.0 3.8 
5.8 0.94 2.2 
1.4 0.75 2.7 

16 0.79 4.1 

12 1.0 3.1 

+Meaaured in dieintegrationtr per minute per gram (x lOOO), wet &ample. 

Table I.l’fa--RADIOACTIVITY OF BIRDS, PRESHOT+ 

Island 

Proven- 

?LPe tricuiua Gizzard 
Of and and Cut and 

tern Shin Muecle Bone Liver contents contents contents 

rsurh Fairy 0.946 0.018 0 0.016 0.020 0.019 0.047 
Noddy 0 0.012 0 0 0.013 0 0.021 

Bigili Fairy 0 0.014 0 0.019 0 0 0.016 
Fairy 0 0.016 0 0.012 0 0 0.028 
Sooty 0 0.032 0 0.029 0 0.038 0.027 

Bogombogo Noddyt 

*hIensured in dieintegrations per minute per gram (x lOOO), wet sample. 
t Egg: shell, 0; embryo, 0. 
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Part of the activity in some of the tissues may be due to naturally occurring &‘. However, 
the amount of po’tassium per unit wet weight in the skin and muscle is approximately the same 
and ln either instance would amount to 5 d/m/g or less. If K’O were mainly responsible for 
the increase in activity in the tissues, then one would expect skin and muscle to be approxl- 
mately equal in activity. Muscle, however, is more radioactive. 

_. 

hble 4.17b-RAIXOACTMTY OF BIRDS, POSTSHOT: 

Proven- 
triculus Gizzard 

Of and and Gut and 
Island bird n Skin Muecle Bone Liver contents contents n contents n Lung 

%urin 
Eniwetok 
Japtan 
Rigili 
Runit 

Aaraan- 
biru 

Aaraan- 
biru 

Rojoa 

Tern 
Tern 
Tern 
Tern 
Tern 

Tern 

3 1.2 0.26 1.0 0.083 
1 0.85 0.18 0.55 0.12 
4 0.37 0.22 0.37 0.13 
4 14 0.72 23 3.8 
3 0.75 0.54 0.74 1.1 

2 1.1 0.36 0.80 0.78 

0.15 0.23 
0.40 0.21 
0.14 0.20 
2.1 4.7 
0.83 10 

0.89 1.5 

0.41 
0.12 
0.18 

13 1 1.0 
3.7 

3.9 

Shore 
bird 

Shore 
bird 

Ternt 

1 14 2.0 6.6 8.5 28 06 1 220 *-- 
. 

2 10 0.63 7.6 2.5 3.2 04 2 73 2 0.86 

Engebi 1 17,000 

l Measured ln distntegratione per minute per gram (x lOOO), wet sample. 
t Bird had been blown to pieces by the shock wave. Radloactlvity is that of surface contami- 

nation. 

The fact that the activity within the bone was zero in both the birds and rats is of interest. 
In the 1949 radiobiological resurvey of Eniwetok, the amount of activity lr the bone samples 
of rata was positively correlated with the radioactivity of the habitat, as indicated by eurvey- 
meter readings. The habitat of the rat specimens at the time of the present preshot collections 
had a low reading, in all cases being less than 1 mr/hr. 

4.7.4 Analysis of Organs and Tissuee, Postshot 

In Table 4.18, the data for the postshot rat collections are given. In a comparison of the 
same organs and tissues in eix specimens (except for the digestive tract), the disintegration 
rate does not differ in any instance by more than a factor of 7. 

In a comparison of the same organ or tissue in the different specimens of birds collected 
at any one station (Appendix F), greater variations in disintegration rates are found than were 
evident in the rats. The maximum variation occurred in the livers of the Riglli terns, where 
the greatest difference was by a factor of 470. 

4.7.5 Analysis by Island 

In general, the variability of activity for specific organs between individual birds pre- 
cludes the possibility of significant differences existing between average values for various 
collecting stations. However, when the average values for the different organs for individual 
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stations are plotted against distance collected from Ground Zero (Fig. 4.8), the effect of the 
site of collection upon the amount cf activity within the organs or tissues is apparent. 

Meter readings were taken at each collecting site with a Juno ionization type instrument 
at the time the collections were made. These values for Runit, Aaraanbiru, and Rigiii are 
given in Appendix G. 

. 

On the basis of the meter readings, the activity levels in the terns from Runlt and Rigili 
should be similar, but those of the terns from Aaraanbiru should be higher. This was not 
found to be true, however (Fig. 4.8). At Rigill, downwind from Grouid Zero, there were 
higher average levels of activity in the terns than at either Rumt or Aaraanbiru, in which 
the levels were almost equal (Table 4.17b). The terns taken at Runlt may have flown from 
neighboring northerly islands since, although singed, they were able to fly. The birds taken 
at Rlglll, however, probably did not fly from islands closer to the target area because all 
the birds observed during the postshot collections at Rlgili were singed or ill and not in- 
clined to fly. They would walk away or flutter with effort from the beach to the water when 
anyone came near. 

4.7.8 Analysis by Feeding Habit 

The shore birds and rats have similar feeding habits; both subsist mainly on insects, 
seeds, and grasses; therefore a comparison of average levels of activity in diverse forms 
wlth similar feeding habits can be made. The results are given in Table 4.18. 

Table 4.18-RADIOACTIVITY IN RATS AHD SHORE BIRDS COMPARED 
BY FEEDING HABITS 

Rats (Blljirl) Shore birds (Rojoa) 
Ratio of activity 

Organ or Activity, d/m/g Activity, d/m/g of shore birds 
tissue n (x 1000) n (x 1000) to rats 

skin 8 9.2 2 19 2.08 
Muscle 8 0.94 2 0.83 0.87 
Bone 8 17 2 7.8 0.45 
Liver 6 1.9 2 2.5 1.32 
Digestive 12 8.1 8 57 7.04 

tract 
Lung 8 1.0 2 0.88 0.87 

only ln the actlvlty of the digestive tract do the two forms differ by more than a factor of 
3; also the differences are not consistently in favor of either of the forms. 

Differences in activity levels between birds of different feeding habits were found. Aver- 
age values for the shore birds of the Rojoa-Aaraanblru area and those for the terns in the 
Aaraanblru area are given in Table 4.19. 

Shore birds and rats appear to be more alike in relation to uptake of radioactive materials 
than do the shore birds and terns. It appears likely, however, that the shore birds and rats 
are different regarding the retention of radioactive materials within the different organs and 
that the differences between the terns and shore birds were caused by differences in feeding 
habits. 

Although variations within the tissue or organ samples of birds were great enough to 
preclude analyses of the radioactive disintegration rates by organ, a few conclusions can 
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be drawn from the available data on birds in light of the findinga with the poetnhot rata. In 
the latter, individual variation between samples was small enough that the differences between 
organs were significant, except for those of the gastrointestinal tract. In addition to this, all 
the poetshot rat specimens were collected within an area 50-yd aqmre; ao the environmental 
conditions may be coneidered identical for practfcal purposes. 

Table 4.19-RADIOACTlVlTY IE TERNS AND SHORE BIRDS COMPARED 
BY FEEDING HABITS 

Terns (Aaraanbiru) Shore birds (Rojoa) 
Ratio of activity 

Organ or 
tissue n 

Skin 2 
Muscle 2 
Bone 2 
Liver 2 
Digestive 6 

tract 

? 

i 

\ 
i 

I 

c 
\ . 

Activity, d/m/g Activity, d/m/g of shore bird 
(x 1000) n (x 1000) to terna 

1.1 3 17 15.45 
036 3 1.1 205 
0.00 3 4.0 4.05 
0.78 3 4.5 5.77 
2.1 9 76 36.18 

The coefficients of variability for the organs of the poetshot rats were determined, arxl 
the results are given in Table 4.20. 

Table 4.20 - COEFFICIENTS OF VARIABILITY FOR ORGANS OF RATS, POSTSBOT 

Organ or tissue 

StOmaCh 

and con- Gut and 
Skin Muscle Bone Liver tents contents Lung Kidney 

Mean 9.2 0.94 17 1.9 4.s 12 1.0 3.1 
Coefficient of 28 42 84 18 140 100 24 27 

variation, S 

The lack of marked variability in activity between the lunge of the six rats probably de- 
pends mainly upon the effect of particle size and density as related to deposition within lung 
tissue. Stokinger et al.,’ working with albino rate, found that particle size greatly affected 
the amount of depositfon in the areolar spaces, with increases aa much as lo-fold with a re- 
duction of ma8e median diameter from 2.6 to 0.45 p. Taplin et aL‘ found that in rats lung 
retention of particles with a mean size of approximately 1 p was rrtrongly dependent upon the 
density of the particles. 

Autoradiographs of lunge of rat8 collected for the present work indicate a diffuse depoei- 
tion of the radioactive material within the lunge, except for the bronchii, where the activity Is 
more concentrated and irregular (Fig. 4.9). 

The results found in the autoradiographs, aa well aa the lack of appreciable variation in 
samples, may well be dependent upon the factors of selection and retention of particles by 
size and density, especially since the parUclee retained by the lunge are of a small mean 
diameter and are more nearly the density of the heavier Nevada sand and BaSO, particles 
than the dye partlclee Taplin found to be retained to a greater decee in lunge of rata. 
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(a) (b) 

Fig. 4.9~Photographs and autmrdiogtapht of 100-p sectioar of lungs from rats collected it 9iijii 
nine days after Mike detooation. (a) Blue Brand x-ray film exposed 39 days exposure 

stxrted Nov. 29, 1952. Activity within the lung is diffuse in distribution except for spotx 

from limited speck coauminaloa Magnification 3%~. Cb) Super XX film expored 45 
dayr; exposure rurted Nov. 22. 1952. Ildioactivity within tie lung is diffuse except in the 
bronchus. where it is more concentrated and irregular in deposition. thur suggesttog limited 
speck contamination. In l rus containing fxtty duuc greater exposure is indicated. 
Whether this is from chemical fogging or from exposure to radiation ia not known. 
Magnification. 3% x. 
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The least variability in organs and tissues of the postshot rats was found in the liver, the 
variability of kidney and lung being slightly greater. 

When the average values for each organ or tissue of the postshot rats are compared, 
muscle is the lowest, and bone is the highest in activity of the samples taken. Lung tissue, 
however, is almost as low as that of muscle tissue. 

In the birds from Rigili, Rojoa, Aaraanbiru, and Runit, the lowest activity was found in 
the muscle. In the same birds the highest levals of activity were in the gut, or digestive tract, 
with the exception of Rigili, where the bone contained the greatest amount of activity. In birds 
from the southern islands of Igurin, Japtan, and Eniwetok, the lowest levels of activity were 
found in the liver. The highest levels for birds of these islands were found in both the skins 
and bones and were approximately the same. 

Judging from the data from both birds and rats, muscle either takes up or retains a lesser 
amount of radioactive material than any other tissue or organ sampled. 

In rats radioactive materials are deposited in the bone with greater facility than in any 
other organ or tissue sampled, Evidence that this is not a general uptake by the bone, but 
rather a selective action, is indicated by a mass-absorption curve of one of the six specimens 
taken at Biijiri (Fig. 4.10). Inflections in the curve indicate that the beta particles having 
maximum energies of approximately 0.2, 0.8, and 1.3 Mev are present. 

A mass-absorption curve of a noddy tern bone specimen (Fig. 4.10) gives some indication 
of selective deposition in uptake by bone. Well-defined inflections which were evident in the 
rat-bone sample are not found; however, the presence of beta particles having maximum ener- 
gies of approximately 0.4, 0.95, and 1.3 Mev are suggested. 

4.7.7 Conclusions 

Feeding habits, as well as the range of activity of birds and rats, have a marked effect 
upon the uptake of radioactive materials, both in absolute quantity and in variability with dif- 
ferent specimens. In those vertebrates whose feeding is confined to the ahore or a relatively 
restricted area, the variability is less than in those whose food is obtained from the water or 
over a relatively large area of the waters of the lagoon. In an area of strong water currents, 
the variability in the specific activities in fish-eating birds increases greatly. 

The uptake of radioactivity by land vertebrates, however, does not appear to be in a state 
of flux as a result of the greatly modified environment as does that of the invertebrates. Rather 
the differences in amount and variability in uptake of radioactive materials are probably directly 
related to food habits. However, in areas of relatively great contamination, a tendency for 
saturation of the organs by radioactive materials rather than selective action upon the mate- 
rials by the organs may confuse the interpretation of the latter. 

4.8 RADIOCHEMICAL ANALYSES 

Radiochemical analyses of posttest samples of sand dredged from the bottom of the lagoon 
between Rojoa and Aaraanbiru, of beach sa.nd from Engebi, and of soil from Rigili, Rojoa, and 
Runit were undertaken to provide a basis for comparison with results of similar analyses of 
biological samples. These analyees show the presence in about the expected ratio of all the 
important isotopes formed in fission, except strontium, cesium, and rubidium. Cesium and 
rubidbm are water soluble and could be expected to be leached out of the sand and soil sam- 
ples. A probable reason for the absence of strontium in the expected amount is not clear. 

Radiochemical analyses were made of the following ashed biological samples: plankton, 
algae, octopus gill and digestive gland, fish tissues, and land plants. These specimens were 
from the posttest collections, except for one alga that was collected before the Mike test. 
Little selective absorption of isotopes by these species so soon after the shot is observed, 
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except for concentration of zirconium in an octopus gill and of rare earths by plankton and by 
a surgeonfish and a butterfly fish. Results of these analyses are shown in ?Cable 4.21. 

In the method used, 20- to 50-g portions of sand or soil samples were ashed at 700.C to 
destroy organic matter, and the ash was dissolved in dilute nitric acid. Filtering the solutions 
and counting the filters showed that solution of the active material was complete. Biological 
samples were also ashed and dissolved in dilute nitric acid. Filtering the solutions and count- 
lng the filters for these samples showed that in most cases the small lnsoluble reeldue con- 
tained less than 10 per cent of the activity of the sample. Duplicate portions of the filtrates 
were taken and analyzed by the following methods. 

Rare earths and zirconium were separated as hydroxides by precipitation with ammonium 
hydroxide. The resulting precipitate was dissolved in nitric acid, and rare earths were sepa- 
rated from zirconium by precipitation as fluorides. Cerlum was separated from trivalent rare 
earths by precipitation as cerlc lodate. fn the analysis of Rojoa dredged sand, an attempt was 
made to separate trivalent rare earths from yttrium by precipitating them on lanthanum car- 
bonate, but an absorption-curve study showed that this separation was not complete. A large 
fraction of other trivalent rare-earth isotopes had carried on yttrium instead of on lanthanum. 
The two results were added together and reported as trivalent rare earths. This separation 
was not attempted in other analyses. Trivalent rare earths were counted together on yttrium 
carrier. The rare earths were weighed as oxalates. Zirconium was recovered from the fluoride 
supernatant by precipitation first as barium fluozlrconate and then as zirconium mandelate, 
which was ignited and weighed as zirconium oxide. The eupernatant from the hydroxide pre- 
cipitation contained barium, strontium, and calcium, which were precipitated as carbonates. 
Barium was separated as barium chromate, and strontium and calcium preclpltated together as 
oxalatas. Chemical separation of strontium and calcium was not attempted. A separate allquot 
of Rojoa dredged-sand solution was analyzed for cesium by the standard ceslum perchlorate 
method, and no detectable radloceslum was found. Since rubidium also is carried on thle 
precipitate, it 1s evident that rubidium was also absent. fn most samples the absence of ce- 
slum was indicated by the absence of activity in the solutlon remalnlng after precipitation of 
rare-earth hydroxides and alkaline-earth carbonates. Ruthenium was determined ln separate 
allquots by the standard perchlorlc acid dlstfllatlon method and by subsequent reduction to 
ruthenium metal by magnesium powder. 

Chemical-yield factors were determined and applied to the results of all analyses except 
barium and strontium-calcium. Spiked samples prepared by mixing appropriate carriers and 
corresponding radioisotopes were run concurrently with samples. The results are shown in 
Table 4.21 as percentage of total recovered activity. Total activity recovered varied from 60 to 
100 per cent of total activity in the aliquot of the sample solution used, as determined by plating 
and counting triplicate l-ml allquots of the solution. 

Absorption curves were made of each fraction separated from the Rojoa dredged sand and 
in each case showed the energy characteristic of the particular isotope separated. The curve of 
calcium-strontium shows that about three-fourths of the activity has the energy corresponding 

to Ca”. The remaining one-fourth may be Sr”, ?“, and Sr”. These mass-absorption curves 
and decay curves for the same fractions are presented ln Figs. 4.11 and 4.12. 

4.9 ABSORBED AND SURFACE CONTAMINATION 

In a discussion of results the path of the radloactlve materlals to the tissue and the source 
from which they are taken into the organism are important considerations. ff injury to the ln- 
dlvldual organism is being considered, the proximity of the radioactive material to sensitive 
cells and the potential duration of contamination are important and are, ln part, dependent on 
the source of the contamlnatlon. If biological cycling is considered, the nature of the contaml- 
nation of each organism ln the food chain affects the availability of the radioactive materials 
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4 . A=: ZIRCONWY 
B=. TOTAL SAMPLE 
C I CALCIUM-STRONTIUY 
D = RUTHENIUY 
E = CERIUY 
F = TRIVALENT RARE EARTHS 
G = BARIUM 1 

40 60 BO 100 120 wo 
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FL& 4.12-Decay curve of rsdiahemicrlly reprnted frsctionr of I&foe dredged und. 

. 

. . 
I 



_. ,I : a ! -1 

, . 

Table 4.21 -RADIOCHEMICAL ANALYSES OF SAND, SOIL, AND BIOLOGICAL SAMPLES. POSTTEST. 

Sample Area 
Date 

counted Certum 

Trivalent 
rare 

earths 

Analysis : 

Strontium :I 

and 
Zirconium Ruthenium Barium calcium Cesium (?)I ..I 

Sand, Rojoa 
dredged 

Sand, beach Engebi 
sot1 Rigili 
Soil Rojoa 
Soil Runit 
Plankton BO@ua 

12-12-52 30 22 14 19 6 6 0 

4-14-53 31 13.5 20 31.5 3 
1-13-53 32 19 21 21 4 3 
1-13-53 25 21 24.5 19 6.5 4 
1-13-53 24.5 16 25.5 19 4 11 
4-14-53 51.5 20 9.5 15 4 

0 
0 
0 

Algae: 

UdOlCfI Bogallua 
Lytrgbya Bogallua 
Halimcda Bogallua 
Xhiroclo- Lake George 

nium and area (pre- 
Entero- test) 
morpha 

Octopus: 
Gill Bogallua 
Dlgestlve Bogallua 

gland 
Fish: 

Butterfly Bogallua 

2-l-53 29.5 27 19 20 3.5 1 
2-l-53 35 14 26 24 1 1 
2-l-53 19 32 14 21 6 6 
4-14-53 73.5 14 1 5 6.5 

0 

0 
0 

4 

4-14-53 16 3 44 2 34 
4-14-53 43 16 19 6 14 

5-5-53 

5-5-53 

49 17 

29 15 

46 

34 

20 

16 14.5 

16 11 

12.5 32 

5 

15 

23 2 3.5 

33 4.5 3 

17.5 3 2 

5.5 3 30 

17 7 11 

gut 
Grouper Bogallua 

gut 
Surgeon Bogallua 

gut 
Surgeon Bogallua 

muscle 
Surgeon Bogallua 

skin 

5-5-53 

5-5-53 

5-5-53 
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Table 4.21 -(Continued) 

Analysts 

Sample Area 
Date 

counted 

_- 

Cerlum 

Trivalent gtrontlum 

rare and 
earths Zirconium Ruthenlum Barium calcium Ceelum (?)t 

Land plants: 

B Sedge Engebi 2-l-53 26 24 13 22 4 11 0 
stems 
and 
leaves 

Triumfefla Engebi 2-l-53 24.5 24.5 14 16.5 4.5 16 0 

stem 

*Values represent percentage of total recovered activity. 
t Activity remalnlng In solution after precipitation of rare-earth hydroxide and alkaline-earth carbonates and presumed to be 

cesium. Level of activity too low to pursue further analysis. 
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to the next higher organism in the chain; i.e., materials which have been absorbed or metabo- 
lized once are more likely to be absorbed in the next step than are surface contaminants. 

In an evaluation of the eourcee of radioactive contamination, the tissues of an organism 
may be grouped into the following categories: (1) tissues, such as liver, bone, and muscle, 
which have only those ieotopes absorbed from the blood, and (2) tlasuee, such as skin, gill, shell, 
and digestive tract, which may have surface contamination from externally adsorbed or adher- 
Ing materials in addition to absorbed isotopes. Radioactive materials in the dtgestive tract are 
considered surface contaminants as long as they have not been absorbed. 

- 
. 

The immediate sources of surface contamination are direct and indirect. The direct 
sources are the fall-out particles and the induced radioactive materials in the sea water, air, 
or substrate, and isotopes of those materials that are soluble in water. Indirect sources are 
other radioactive organterns which are ingested by the specimen or commensal with it. 

-- 
, 

4.9.1 Speck Contamtnation 

Autoradiographs have shown that the distribution of radioactivity in the samples is often 
limited te isolated areas or specks, most of which are assumed to be fall-out partfcles. The 
term “speck” contamination is used to denote spotty activity on organisms, preeumably caused 
from insoluble radioisotopes. The identification and distribution of specks in sand, plankton, 
algae, invertebrates, fish, and land plants are discussed in the followlng paragraphs. 

_ 
I 

fa) Sund. An autographic technique found useful for locating these radioactive particles 
involved spreading sand on scotch tape, inverting to remove loose particles, and exposing with 
firm contact against fast film. After the film was developed, a positive transparency was 
prhted on the film to be placed beneath the sand sample so that, when in perfect registry, the 
radioactive particles would be Uluminated if viewed by transmitted light. 

Engebi beach sand showed spots that were associated apparently with only the finer sand 
Particles. Some of the active particles were isolated by successive dichotomous division of 
a sample of sand and retention of the more active half, as determined by the end-window sur- 
vey meter, until the individual particles which contribute most of the radioactivity could be 
picked out under the microscope. In Figs. 4.13a to d, sand samples and active and nonactive 
particles which have been separated from the samples are shown. Counting rates for the partl- 
cles are given in the legends. 

_- - 
I 

In Biijlri dredged sand, radioactive particles were different in appearance from inactive 
partlcles. Active particles were chalky looking and lacked even the slight hyaline luster char- 
acterlatic of most inactive sand particles. One of the larger of these, as well as the sand sam- 
ple and autoradlograph by means of whirh it was located, is shown in Ffg. 4.14. 

Autoradiographs of plates of ashed biological samples were made to compare the nature of 
the distribution of the activity found in these specimens with that of the Engebi and Biijiri sand 
samples (see Fig. 4.15). Activity of the tissues with absorbed radiation was diffuse. For those 
tissues with possible surface contamination, the distribution of activity was spotty and similar 
to the sand samples. Photographs of the plates (Fig. 4.16) show that the ash is evenly dlstrib- 
uted and that the unexposed portions of the autoradiographs are not due to the absence of ash. 

(8) Plankfo~. The spots on plankton autoradiographs from samples dried on filter paper 
were associated primarily with a white amorphous malerial of cheesy consistency, which may 
be the counterpart in the water of the chalky material in the sand. The autoradiographs also 
showed some activity associated with organisms. However, almost every kind of organism 
that showed activity in one individual would, in another case, fail to show it. Thus among 
fonminifers, gastropod& mysids. and other crustaceans, there could be found some radioactive 
and some nonradioactive individuals. Activity tended to be proportional to mass of organisms. 
This suggests that minute particles suspended in the water or possibly even a certain amount 
of dissolved radioactive material may accumulate on the surface of plankton organisms and 
that, in addition, there are larger particles (the cheesy material) suspended in the water. 
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Fig. 4.13a -Photomicrographs of Engebi beach und on ading plates counted ky 1963. (A) 1970 
c/m. Entire sample weighed 6.2 mg. which IJ typical of plates 1 to 100. Magnificrtloo. 
8x. (8) 1680 c/m White sphere from upper-right portion of (A). Magniflcatioo. 23x. 

(C) 930 c/m. Another white sphere fused to a krgu irregular partlcle. Magnlfl~tion. 
(D) 1130 c/m. Most of sample showing sphere of (C) near bottom. Magnification, 8x. 

A B C D 

23 x. 

Fig. 4.13b-Photomicrographs of Engebi beach sand on l rblng platu counted May 1963. (A) 3300 
c/m Central whirs sphere bearing two protrusions. Total plate, 3800 c/m. Magnifi- 
cation. 23x. @)1X6 c/m. White sphere fused *D irregular particles. Total plate, 2900 
c/m. Magnification. 23x. (C) 25~0 c/m. Spheroid with equatorial protxusions. Total 
plate, 3200 c/m. Wgnificadon, 23x. (D) 2900 c/m. Orher side of particle shown in (C) 
showing a dark inclusion. Magni~cadon, 23x. 
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Fig. 4.13~ -Photomicrographr of Engebi beach sand on ashing plates counted May 1953. (Al4000 to 

5000 c/m. Esomated using end-window survey meter. Fragments of a white hollow 
sphere broken in handling. Total plate. 5500 c/m. hiagnification. 23x. (B) 1400 c/m, 
Three irregular particles. Total plate, 2100 c/m. Magnification, 23x. (C) 1900 c/m. 
Central white sphere with protrusions. Total plate, 2200 c/m. Magnification. 23X (D) 

8000 c/m. Hottest particle encountered; sphere with protrusion. Total plate, 8600 c:m. 
Magnificrtlon, 23x. (E) 2000 c/m. Irregular particle with heat-smoothed appearance. 
Magnificarion. 23 x. 

A e C D E 

Fig. 4.13d -Photomicrographs of Engebi beach sand on ashing plates counted Mry 1953. (A) 7800 
c/n End view of mottled gray cylinder 1 mm long. Magnification. 23x. (6) 450 c/m. 
Unsmoothed chalky fragment. Magnification, 23x. (C)6000 c:m. Particle with heat- 
smoothed appearance of upper surface. hlagnificarion, 23 x. (D) 1300 c/m. Mottled 
irregular parucle. Magnification, 23 x. (E) 300 c/m. Eight particles, some of which, 
from their appcaiance, were suspected of being radioactive but gave no readmg on end- 
window survey meter. Magnification, 23x. 
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Fig. 4.14-Autoradiograph photograph, and photomicrograph of Biljid dredged sand, (a) Actual rirr 
autoradiograph of Biijiri and Rojoa dredged sand on ‘/.-in. scotch tape. fb) Photograph of 
same sand preparation parrlally lllumlnated from below through a poriclve transparency 
of its own autoradiograph. Magnification. 1.8 x. (c) Photomicrograph of the large radio- 
active particle near top center of (b). This irregular chalky particle weighed 0.6 mg when 
removed to a pIate on F&y 16, 1953. and counted 5300 c/m in the Nucleometer. Magnifl- 
cation, 20x. 
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Fig. 4.X- Actual-stze autoradiographs of eleven cf the more radioactive postmt rshed samples. 
Pictwu should not be compared because of different photogtaphic txatrnent (1) Plate 
423. Bogallua. damselfisb muscle. (2) Plate 407. 6ogallua. TM (clam) muscle. (3) 
Plate 403. Bogalllu. octopus digestive gland. (4) Plate 427, 8ogallua. damselfish viscera. 
(5) Plate 353. Bogallua. plankton. (6) Plate 354. Bogallua. plankton. (7) ~kte 483. 
Engebl. hermit-crab virerr. (81 Plate 500. Engebl. tl. owa (se.a-cucumber) gm and 
contenu. (6) Phte 676. Aarunbiru, tattler (bird) gizzard. (10) Plate 816, Aaraanbiru, 
tywbyubll(r). entire. (11) Plate 81P. Aarunbiru, Jmria-IIke alga. entire. 
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Fig. 4.16- Approximately actual-dze ptlocographl of ekve-3 of the more radioactIve postteat aabed 
vmplu The autoradiographs of these vmplu arc shown la Fig. 4.15. Oricntadorrc do not 
oeccssarily correspond In du two fIgurea. 
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fc) A&e. In order to evaluate the speck contamination of algae, autoradiographs of 
washed and unwashed specimens were made. Washing was done by scrubbing with a brush and 
detergent and was followed by rmsing with running tap water. 

Autoradiographs of an alga, Cdolcw. before and after washing, are shown in Fig. 4.17. 
Some of the radioactive spots were removed by washing, but most of them were not, showing 
that a major portion of the radioactivity is actually present within the alga. The even distribu- 
tion of radioactivity tn the filaments of L,vn&+~ and in the ramuli of Brvopsis, shown in 
Fig. 4.17, indicate that speck contamination is of minor importance in these specimens. In 
one alga of the preshot collection (Fig. 4.17). adhering soil particles were responsible for nu- 
merous hot spots in the autoradiograph. The autoradiographic method has indicated the pres- 
ence of both surface and absorbed contaminztion in the a!gae collected before and after Mike 
shot. The relative amount of speck contamination was high in some cases and low in others; 
however, a quantitative estimation cannot be made. 

-. 

Id) I~tt*er/t*bralu~. Among the invertebrates an outstanding example of spotty distribution of 
activity was the occurrence on a piece of coral of the genus Arropora, taken at Bogallua Nov. 8, 
1952, of three highly radioactive nodules firmly attached and probably of foreign origin. The 
nodules did not appear to be part of the coral but were so well attached that, when one of them 
was removed for counting, it could not be separated from the coral without being broken. This 
unashed I-mg hollow sphere yielded 100,000 d/m. It is possible either that these bodies were 
cysts produced by the coral itself for the purpose of walling off irritating highly radioactive 
particles or that they were rapidly growing neoplaatic growths which had concentrated a great 
amount of radioactivity since the time of the blast (Fig. 4.18). 

Photographs and autoradiographs of Hrliopora and of the above samples of Acropora col- 
lected at Bogallua are shown in Fig. 4.18. The specific activity of the Acroporo was 7,000,OOO 
d/m/g and of the nodule 100,000,000 d/m/g, i.e., 100,000 d/m/mg. After the autoradiographs 
were made, another piece from the same sample of Ht4ioporo MB used in an attempt to com- 
plement the results with quantitative data. The thin outer layer, about 1 mm thick, the dense 
median portion corresponding to the least dense portion in the autoradiograph, and the rela- 
tively porous central portion were separated from one another and ashed for counting. The 
resulting specific activities were 3,400,000, 160,000, and 1,000,000 d/m/g, respectively. It 
seems likely that the radioactivity found in the median portion lined small cavities which are 
present in the skeleton rather than actually being incorporated in the coralline material. 

(e) Fish. In fish a fairly even distribution of active material is seen in muscle, liver, gut, 
and, to some extent, in bone. Mos: of the activity was in the gut and liver, as indicated by 
counts and autoradiographs. The activity is less evenly distributed on or in the skin in that 
more specks were in evidence in this tissue. In some fish a concentration of activity was 
noted in the gills (Figs. 4.19 and 4.20) or in the teeth (surgeonfish, Figs. 4.21 and 4.22). Car- 
nivores and omnivores showed striking differences in the amount within the body cavity (Figs. 
4.21 and 4.22). 

(f) Land plants. Washing with running tap water removed 10 to 20 per cent of the activity 
on the land plants in most cases, although a much higher percentage of the speck contamination 
was removed by this method from the leaves of a grass collected at Engebi (Fig. 4.23). The 
remainder of the radioactivity was partly spotty and partly homogeneous in distributicn. The 
spotty activity was probably due to material that was not washed from the external surfaces 
of the plants, and the homogeneous activity was the result of dissolved radioactive material 
that had been actively absorbed and metabolized by the plant. In leaves radioactivity was 
highest in the veins, the conductors of absorbed materials throughout the leaves. 

_. - 
1 

4.9.2 Other Surface Contamination 

The general problem of surface contamination from indirect sources is illustrated by 
specific examples, such as the contamination found on the carapace of a crab, on the shell of 
a clam, in the skin and gut of the sea cucumber, and on the outer surfaces of algae and land 
plants. 
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FQ. 4.17 --Autoradiographs of algae exposed to Super XX pan film. (a) Ud&o. before washing, 2t.‘s-hr 
exposure. (b) Udolco. same plant after washing with detergent. 60-hr exposure. (cl L.wgbyo. 

52-day exposure. (d) Bryopsis. 52-day exposure. (e)EdrromorpLo and RIizoclonium. 60- 
&y exposure. (a) to (d) postshot: (e) preshot. 
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Fig. 4.18-Corals found on Bc@ua Nov. 8. 1952. (a) Photograph of Acroporo (top) sod l?~lioporo 
(bottom), actual size. (b) Autoradiographs of corals shown in (3. (cl Eolatgement of marked 
area in (a). The white nodules were fitmly attached co the coraL Attow Indic~tcr nodule 

which was broken open, showing hollow nature. h4agnification. 13% 

L 

w w _ _ .- _ - ._-. __ -_ _- ._.- ._- ___- _- ._ - w w w. w 

. 
. 



! 

1’ 
4 

I 

I 

:’ 

I 

!( 

Pig. ClQ-Autorrdlograph of go&i&, hf. utlJ8mma. howIng radloacdvly la the gill& Blue Rand, 
Dec. 3.1952. to Jaa 6.1953. 

Fig. 4.20~Photograph of fish used In autoradiograph of Fig. 4.19. Section of vertebrae removed for 
cormdng. Counts ln dssuu were: muscle, 1.6801 &In, 17,500; bone., 16,OOOi liver. 29,900; 
and gut, 76,600. 
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Fig. 4.21- Photographs of fish cqllected at Bogallua Nov. 8. 1952. (a) Tbe right half of a buttetfly 
!I& C. eifrfw[lw (omnivore. uppu left). (b) Both ha1ve.s of a damselfish. A. ghucur 
(omnivore. top center). (cl Both halves of a wtrsse. Ii. wgwil4ccw (cunivote, upper 
tight). Ml Left half of a grouper, E. mew0 karnivore. extreme lefk). (e) Right half of a 
CrrdiMl, A. ban&mau fs (carnivore, left center). (f) Left and tight halve of a surgec&sb. 
A. ekm@w (omnivore. tight center and exaeme right). (8) Squirrel&h, M. prU 
(carnivore, bottom). 
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F1g. 4.22- Autoradiograph of fish shown in Fig. 4.21. Activity is greatest in the surgeonfish, moderate in 
the butterfly. wrasse. and damselfish. and slight in the grouper and squirrelfish. Counts in 
disintegrations per minute per gram of the tissues of the surgeonfish were: muscle, 26.000; 
skin,150.000; bone, 120,000; liver. 400,000; and gut, 6.800.000. Counts in the squirrelfish were: 
muscle. 10,000; shin, 31.060; bone, 16.000; liver, 30.000: and gut, 21.000. Autoradiograph was 
produced by an eight-day exposure, Jan. 6 to 14. 1953. 
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Fig. 4.23- bud plants from Engcbf . portshot (1) and (bJ Pottionr of T. ProcYlnbcnr . (cJ F. cymaa 

upper portion. not washed: lower potion washed with running: UD water. Cd) Autoradiographs 
of (a), (b), rnd (c). Autorrdlogtaph (d) wu ptoduced by A seven-ary exposute to Supet Xx 

pin film. 
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Usually the crab carapace was prepared for ashing without any attempt to scrub or scrape 
the surface. In one instance, however, one-half the carapace was prepared as usuaI, whereas 
small amounts of algae and unidentified material were scraped from the surface of the other 
half. ThcRe scrapings were found to have a specific activltp more than ten times that of the 
carapace as a whole (150,000 compared wlth 14,000 d/m/g). When the am211 proportion of the 
total weight of the carapace represented by the surface mnterla.I ls considered, it is clear that 
little, if any, of the radioactivity was actually deposited in the exoefeleton. 

A similar situation was found with clam shell, where materiaI scraped from the surface 
had a specific activity 66 times that of a portion of the shell taken as a whole (6800 compared 
to 100 d/m/g). In this case the surface material makes up an even smaIIer proportion of the 
total weight than it does in the crab carapace. 

Contamination of the skin of a species of sea cucumber, H. alru, is evldent from a com- 
parison with a second species, Slichoptcs sp., collected at Aaraanblru (Table 4.22). A totaI 
of nine specimens was collected in 4 to 7 It of water within an area of less than 1000 sq ft. 
The two species live side by side and are both detritus feeders. H. atm, however, have a habit 
of coating themselves with sand, whereas Slichopus do not. Even though the former were washed 
and scrubbed with the hand at the time of collection, it 1s clear that the specific actlvlty of 
their body wall, which includes the skin, is higher. That this is due to surface contamlnstlos 
is further substantiated by the greater indlv1duaI differences in tke specific activity of the 
body waII of H. alru. 

Table 4.22 -COMPA.BISON OF BADIOACTIVITY OF TWO SPECIES OF SEA 
CUCUMBERS COLLECTED AT AABAANBIBU, PGSTSI.IOT* 

- I 

_ *_.. 
I 

I 

! 
_ 

6’ 

0 

If. alra Slicho@s sp. 

Body wall Gut and contents Body wall Gut and contents 

140 4606 8.5 2600 
230 1100 5.4 5800 

17 5800 7.2 4400 
64 6800 6.1 4200 

5.4 2600 

Av. 110 4606 6.5 5200 

. 

l Measured in disintegrations per minute per gram (x lOOO), wet 
sample. 

The degree to which the food habit affects the specific activity of the digestive tract and its 
contents la found in a comparison of the viscera of a pistol shrimp, Crungon sp., and a blue- 
green alga, Lyngbya sp., which are intimately related ecologically. Tare specimens of shrimp 
were found, one at Bigill and one at Runit, living in a completely dosed cylinder of the living 
algae. The cylinders had to be torn open in order to remove the shrimp. A slmllar, if not the 
same, association was reported by Taylor’ with specimens from Rongerik and Biktnl Atolls tn 
the Marshall Islands. This shrimp feeds, at least in part, upon the aIgae in which it lives. It 
may, however, be omnivorous since a similar Pacific Coast species is known to stun prey with 
the t iolent snapping of a specialized claw, hence the name “pistol shrimp.” It is dlfflcult to 
conceive how, living encased in a cylinder of higNy enmeshed filaments of aigae, it could feed 
on anything larger than very small plankton, if that, in addition to theaIgae. ‘Ihe similarity 
of the specific activities found in the viscera of the shrimp and ln the algae, as shown ln 
Table 4.23, indicates the effect of food habit upon the radioactivity of the dlgestlve tract. 
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Table 4.23 -COMPARISON OF SPECIFIC ACTWITY 

FOUND IN SHRIMP AND ALGAE* 

i- 

_. _ 
0 

0. 

Sample RigHi Runlt 

Shrimp: 
Muscle 
Viscera 

Algae 

15,000 7,000 
110,000 31,000 
210,000 36,000 

l Measured in disintegrations per 
minute per gram, wet sample. 
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CHAPTER 5 

CONCLUSIONS 

The radioactivity of the slx groups of organisms by islands is summarized tn Table 5.1. 
The individual counts for preshot samples ranged from 0 to 80,000 d/m/g of wet sample, 

and the distribution of counts was strongly skewed to the left. A count of zero was obtained 
from samples collected at all islands and for most of the groups. 

For the posttest samples indlvlduai counts ranged from 0 to 14,000,OOO d/m/g, wet. The 
few zero counts were from Japtan or Igurln. Counts of l,OOO,OOO d/m/g or greater were 
obtained from all groups of living organisms other thsn land vertobratee. The distribution of 
posttest counts was also skewed to the left. 

The average values (Table 5.1) are those of all samples prepared for counting and may 
include more than one sample from one specimen. A comparison of one group with another is 
limited by the differences between species and tlssues as well as by the variations tn sampling; 
however, the number of samples processed warrants the belief that trends are Indicated. 
Although the range in values for one group of organisms at one station may be considerable, 
the order of magnitude of differences between islands and between groups is great enough to 
clearly indicate a constant order in the ranklng of the groups and a definite pattern cf dlstrl- 
bution by stations. 

Ranklnq of the groups for both the pre- and postshot collections (1) by the station with the 
greatest activity, (2) by the three stations with the greatest activity, or (3) by all stations gave 
the same order, with one exception, and was as follows: algae, invertebrates, plankton, fish, 
land plants, and land vertebrates. The exception was that of the postshot land plants, which 
ranked third. 

The pattern of distribution of activity of the preshot collections clearly indicates the areas 
of former test sites, Engebi, Aomon-Blljlrl, and Runit. Pretest collections at other stations 
had considerably less activity, which decreased with distance from the test site ln the following 
order: Bogombogo, Runit, Igurln, and Japtan. The activity at Japtan Island was not much 
greater than that which would be expected from naturally occurring isotopes. An exception was 
the counts of plankton samples, which were greatest on the western side of the Atoll. This 
distribution might be expected because of the movement of the surface currents from east to 
west. 

For the posttest collections the center of distribution was shlfted toward the site of the 
Mike shot. For the outlylng stations there was again a marked decrease in activity but with 
greater activity, as related to distance from Mike site, on the western side of the Atoll than on 
the eastern side. There was a slight but definite increase in activity at Japtan. 

The ratio of postshot to preshot actlvlty as determined by the averages for each group of 
organisms was approximately 300 for the aquatic organisms and 1000 for the land plants and 
vertebrates. 

82 

_-- . 
8 

. 8 

. 

_ -- - 
8 

8 

__ _. 

i 
8 

- . 
L 

_. . 

-c 

8 

c 

8 

e _ - 

__ 8 

_ 

- m 

. 
. \ 



*.-. 
I 0 

Table 5.1 -RADIOACTMTY OF SAMPLES SUMMARIZED BY GROUPS AND BY ISLANDSV 

t- 

t- 

t 

-_ 
t 

-_ 
t 

t. 

D 

t 

t_ 

IShd 

Water Plankton Algae lnvertebrates 
__L__- 
n Av. n Av. n Max. Min. Av. n Max. Min. Av. 

Pretest- 

Japtan 

1ouri.n 
Rigill 

Bogombogo 
Engebi 
Aomon-Rojoa 
Runit 

Av. 

POStteSt: 

Jrpt= 
Igurin 
Rigili 

6 
2 0.000095 2 0.94 8 
2 0.000055 1 1.3 6 
2 0.00073 2 2.6 9 
2 0.000030 2 0.30 10 
2 o.oOOr)15 2 0.22 12 
2 0.00019 2 0.12 18 

0.00014 0.92 

2 0.00013 6 0.70 0.22 0.30 4s 0.47 0 
2 0.00052 2 68 10 40 4.1 15 66 75 0 
2 o.oj20 245 6 2,106 26 550 92 400 0.35 

0.099 0.041 0.066 49 0.47 0 0.024 
0.51 0.067 0.16 23 0.46 0 0.041 
0.91 0.14 0.40 33 2.8 0 0.24 
4.3 0.24 1.4 55 16 0 0.99 

21 @.I8 8.3 12 46 0 3.2 
54 1.7 1.7 45 8.5 0 1.12 
51 0.087 7.6 52 80 0 3.9 

3.7 1.4 

0.083 
4.0 

44 
BogvlUr 2 0.094 2 650 a 14,000 1,200 5,200 23 7,700 25 1,180 
Eagebi 2 0.921 3 6,800 2,500 4,000 21 15,000 10 1,670 
Aaraanbiru 2 0.0360 2 64 9 6.200 56 2,400 38 6,800 2.1 1.090 
Aomon-Biijirl 

Runit 2 0.00044 2 58 13 250 13 193 50 166 0.63 26 

Av. 0.018 180 1,800 570 

Island 

Fish Land piants Land vertebrates 

n Max. MhL -AT n Max. Mb. Av. n MaX. Mb. Av. 

Pretest: 

Japtur 45 0.074 0 0.022 14 0.074 0 0.014 
Igurin 50 0.105 0 0.021 22 3.7 0 0.28 161 0.041 0 0.013 
Rigili 50 0.13 0 0.092 17 8.6 0 0.56 24: 0.038 0 0.010 
Bogombogo 50 2.5 0 0.19 22 1.6 0 0.12 21 0 0 0 
Engebi 50 72.0 0 2.0 24 3.4 0.092 0.83 80 0.016 0 0.006 
Aomon-Rojoa 50 4.2 0 0.34 30 1.3 0 0.28 320 0.026 0 0.008 

Runit 50 45 0 2.6 

Av. 0.76 0.35 0.007 

Posttest: 

Japtan 50 0.66 0 0.22 6 0.33 0.13 0.24 283 0.54 0.070 0.23 

lgurtn 50 4.1 0 0.50 11 39 0.83 16 211 1.7 0.044 0.48 

Rigill 54 380 0.10 21 20 820 1.0 100 191 53 0.019 8.6 
Bogallua 79 6.800 0.46 310 
Engebi 68 7,500 0.37 590 8 4,000 280 1,900 
Aaraanbiru 70 6,800 0.22 180 211 280 0.26 23 

Aomon-Biijiri 12 370 4.9 89 480 46 0.48 6.2 

Runit 60 72 0.10 6.3 2 60 20 40 213 23 0.17 2.5 

Av. 160 360 

*Measured in dlsintegratlons per minute per gram (x lOOO), wet sample. 
tn refer8 to plates counted, not to specimens. 
1Birds. 
ORUS. 

6.9 
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CHAPTER 6 

RECOMMENDATIONS 

1. For subsequent studies of radiological contamlnatlon at weapona test &tea, it would be 
advantageous to all concerned to start the program planning t3ufflclentip far in advance of the 
tests to ensure proper coordination with the task force. 

2. A laboratory should be established on Parry Island, Enfwetok, to serve aa headquarters 
for persona working on radlologlcal studlea of the fauna and flora of the Atolls. 

3. Continuity ln the study of problema of radiological contamination Is essential at Enlwetok 
and Bikini ln order to formulate a basis for understanding the rcope, direction, IUK! duration 
of the problems lnvolved. 

4. Studles by a staff of speclallste should be conducted at Enlwetok. These epecfaUst,ts 
might serve on a rotation plan so that, although the number of persons at the Atoll at any one 
tlme might be llmlted, the total observatlonai, collecting, and study contrlbutlone made by euch 
lndfvlduals would be great. 

5. Laboratory type experiments, both at Enlwetok and at laboratories on the mainland, are 
eesentld to an evaluation of the phenomena observed during and followlng the test programs. 

6. Increased emphasis is needed tc evaluate the physical nature of the radldactlve ma- 
torlals and the mode of contamlnatlon. 
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APPENDIX A 

BIKINI AND ENIWETOK RESURVEY REPORTS 

BY THE APPLIED FISHERIES LABORATORY 

Donaldson, L. It., Radiobiological Resurvey of Bikini Atoll During the Summer of 1947, Report 
UWFL-7, 1947. 

Donaldson, L. R., Preliminary Outllne of a Program for the Second Radlobiological Resurvey 
of Bildni Atoll During the Summer of 1948 to be Sponsored by the Atomic Energy Commission 
and the United States Navy, Report UWFL-10, 1948. 

Donaldson, L. R., et al., Concentration of Active Materials by Hydroide in the BUdni Lagoon 
During the Summer of 1947, Report UWFL-11, 1948. 

Applied Fisheries Laboratory, Bikini RadiobiologIcal Resurvey of 1948, Report UWFL-18, 1949. 
Donaldson, L. R., A. H. Seymour, and J. Donaldson, R?dfological Analysis of Biological Samples 

Collected at Eniwetok May 18, 1948, Report LWL-18, 1949. 
Applied Fisheries Laboratory, Eniwetok Radlologlcal Resurvey, July 1948, Report UWFL-19, 

1949. 
Applied Fisheries Laboratory, Proposed Program of Study of Radiation Biology at Biklnl and 

Eniwetok During the Summer of 1949, Report UWF’L-20, 1949. 
Donaldson, L. R., Suggestions for Program of Radiological Resurvey d the Bikini-Eniwetok 

Area During July and August of 1950, Report UWFL-22, 1950. 
Applled Fisheries Laboratory, Radiobiological Survey of Bikini, Entwetok, and Likiep Atolls- 

J&l to August 1949, Report UWFL-23 (AECD-3446), 1950. 
Biddulph, S. F., and 0. Blddulph, A Description of Tumors in &e#~oeo tuba from the A-bomb 

Test Sites on Eniwetok Atoll, Report UWFL-23, app. {AECD-3446, app.), 1953. 
Applied Fisheries Laboratory, The Need for Continuation of Studies of Radiation Contamination 

of Biotic Forms at the Bikini and Enlwetok Testing Grounds, Report UWFL-28, 1952. 
Applied Fisherles Laboratory, BIologIcal Monitoring Program for Eniwetok Prepared for the 

Biomedical Test Planning and Screening Committee, Report UWFL-30, 1952. 
Biddulph, O., and R. Gory, The Relationship Between Co O, Total Calcium, and Fleeion-product 

Radioactivity ln Plants of Portulaca olerucco Growing in the Vicinity of the Atom-bomb Test 
Sites of Eniwetok Atoll, Report UWFL-31, 1952. 
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TWO C.Z-lWXDACTNlTT OF INVERTEBRATE ORDAN AND TlBBUPg BY tDOD fIABlT8, POgTgHOT* 

&land ani 
t1rruc or 

o*Dvl 

Plankton Oruer &avenger DetdtUe 

n AV. Mu Hln. n Av. Mu. Min. n AT. Mu Mtn. a Av. MU. Mln. 

4 0.17 0.a2 0.081 
1 0 7 0.16 0.26 0.061 

2 0.046 0.066 0.020 
4 0.060 0.062 0.056 
4 0.016 O.OM 0 

7 
4 0.60 1.2 0.21 0 
1 0.26 a 

6 
1 2.6 6 

e 162 400 1.2 
8 0.0 2a 0.66 7 
4 a.4 7.7 0.26 5 
1 220 6 

6 

6.4 0.7 0.0s 
1.: 1.6 0.64 
0.10 0.12 0.066 
0.61 0.00 0.40 
0.64 1.0 0.19 

2s 4a 4.0 
1.8 2.a 0.60 

29 02 12 
49 74 6.6 

8 

1 7,400 
1 760 
1 410 

1 20 
1 2.1 

1 0.14 
1 0 

1 0.062 

2 64 

1 0.46 

2 200 

2 2.6 

1 6,600 

1 16,000 

1 100 

0 4,300 

JSptUl 

DIgertIve tractt 1 0.076 
BLeletd: 1 0 
Hucle 1 0.056 
Dlgeetlre glend 1 0.22 
Gill 1 0.12 

Igurfn 
Digeotive tractt 1 2.7 
Seletal: 1 2.2 
Muscle 1 0.16 
Dlgestl~*e gland 1 1.1 
Gill 1 0.22 

mm 
DlgeeUvr tredt 2 74 110 0.76 
&cletal$ 2 6.1 17 1.1 
MUSClO 1 0.76 
DIgeetlve.gland 1 2.2 
Glll 

Bogaha 
Dlgesthe tractt 2 620 700 260 
Skeletal: 2 123 170 76 
Yuecle 2 64 66 62 
Digeetlvr glad 2 120 120 110 
Gill 2 160 230 110 

Engebl 
Dlgertlve tractt 1 460 
%eletal$ 1 46 
Yuncle 1 10 
DIgestIre gland 1 24 
cl111 1 61 

Aataanblru ‘. 
Dlgesttve trsctt a 220 420 2$ 
Sreletal$ 1 18 
Hwcle 2 2.2 2.6 2.1 
Dlgestlve gland 2 8.8 11 0.6 
Gill 1 6.6 

RunIt 
Dlgestlve t.ractt 1 21 
Skeletal: 1 2.6 
Mwcle 2 2.0 a.1 o.o( 
Gill 

a 110 
a 2.1 6.2 1.2 6 17 22 2.6 2 4.6 
2 4-a 6.1 2.4 a 1.a 1.6 0.70 

1 12 

l Heuumd In dlrtntegrrllone per mlndr per gr8aI o( 1000). Wet umpb. 
tMgcrtlvr tract with contents. 
:Includlng rhell. 

76 6a 

260 120 

4.2 2.6 

6,800 1.100 

IS0 86 
6.6 a.4 
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Table C.3 -LIST OF SPECIFIC ACTIVITY OF INVERTEBRATE SAMPLES. POSTSHOT 

JzplUl Japtan (continued) 

Soft coral 
Corale: 

Matipora 
Porifes 
Pocillopora 
Heliopora 

Anemone 
Starfish: 

Aaterld 
Aeterld 

Sea cucumber: 
H. atra 

Body wall 
Gut 
Fteepiratory tree 

Hermit craba: 
Cenobifa 

Carapace 
Cl118 
Gaetrlc ml11 and 

gut 
Liver 
Muscle 

Cenobita 

Carapace 
Gilla 
Gustrfc mill and 

gut 
Liver 
lbfuacle 

Calcinw 
Cephalothoru 

AppeDdngea 
Vlrcera 
Integument 

PndMus 
Carapace Md 

integument 
Cl11 
Gaetrlc mlll 
Liver 
Muscle 

Xanthid 
Carapace and muscle 
Vlecera and gill8 

Xanthid 
Carapace 
Gill 
Gastrlc mill 

Background 

Background 
Background 
Background 
Background 
Background 

0.16 
0.47 

0.057 
0.14 
0.063 

Liver 

Muscle 
True crabs: 

Grapeid 

Carapace and muscle 
Viscera 

SNll8: 
Vasum 

9rell 

Soft parts 
Clams: 

TYi&x?to 
Shell 
Mantle 
Muscle 
Liver 
Visceral m18e 

0.17 
Background 
0.081 

Gill 

0.044 
0.088 

0.20 
Background 
0.39 

0.082 
0.051 

0.11 
0.26 
0.082 
0.062 

S&t coral 
Sdt coral 
Corals: 

Porites 
Pocillopora 
Heliopora 
Acropora 

Sea cucumberr: 
H. atra 

Body wall 
Gut 

Igurln 

0.061 

Background 
0.12 
0.055 
0.029 

0.14 
0.050 

0.20 
0.050 
O.OB8 

Respiratory tree 
H. atra 

Body wall 
Gut 

a. sp. 
Body wall 
Wecera 

Hermit crabs: 
Cenobita 

Carapace 
Gill6 
Gastric mill 
Gut 
Liver 
Muscle 

Cenobita 

1.1 
0.39 
3.8 
5.0 
0.41 
0.29 

Carapace 1.4 

0.039 

0.068 

0.10 
0.13 

Background 
0.059 

Background 
0.039 
0.055 
0.33 
0.016 
0.12 

1.1 
0.20 

0.5Q 
0.28 
0.96 
0.38 

0.087 
53 

0.48 . 

i _. 

_ 
I 

i 

____-. 

0.28 
75 

3.4 
19 

93 
_-_ 
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Table C .3 - (Continued) 

Igurln (continued) Igurin (codlnued) 

Cl11 
Gastric mill 
Gut 
Llver 
Muscle 

Pagurus 
Liver 
Abdomen 
Legs 
Eggs 

True crabs: 
Ocypode 

Carapace 
Gill6 

Gastric mtll 
Liver 
Muscle 
Green gland 

Crafws 

Carapace 
Gills 
Gastric mill 
Llver 
Muscle 
Green gland 
Eggs 

Eriphia 
Carlpace 
Gills 
Gastric ml11 
Liver 
Muscle 

Snatls: 
Turbo 

fIhel1 
Mantle 
Glll 
Foot 
Viscera 

Purpura 
Shell 
salt parts 

Morula 

Shell 
SYft parts 

C. monefa 

shell 
Salt parts 

Clams: 
Tridacna 

Shell 
Mantle 

0.83 
0.0 
0.7 
0.99 
0.46 

3.2 
3.7 
1.4 
1.5 

1.2 
0.19 
0.93 
0.40 
0.069 
Background 

1.5 
1.0 
9.7 

’ 0.81 
0.12 
0.52 
0.17 

0.84 
0.79 
1.7 
0.45 
0.11 

0.21 
0.52 
2.5 
0.25 
4.4 

0.70 
0.75 

0.28 
0.35 

1.2 
6.5 

0.10 
0.25 

Muscle 
Liver 
Visceral mass 
Gill 
Algae, sponge and sand 

scraped from shell 
Oysters: 

Isognomon 
Shell 
soft parts 

Rigfli 

Wnge: 
Red 
White 
Black 

corals: 
bfuntipora 
POti& 

Pocillopora 
Acropora 
Leptastrea 

Sarflsh: 
Linkia 

Sea cucumbers: 
Ii. sp. 

Body wall 
Gut 
Respirator7 tree 

H. fiscorubra 
Body wall 
Gut 
Respiratory tree 

Sbrtmp: 
Crangon 

Muscle 
Viscera 

Hermit crabs: 
Dardams 

Carapace 
Gill 
Gastric mill and 

gut 
Muscle 
Liver 
Integument 

Eggs 
Pagurus 

Thorax 
Viscera 
Integument 

94 

0.15 
1.1 
3.7 
0.22 
6.8 

2.2 
14 

41 
69 
15 

7.4 
12 
2.5 
a.9 

46 

19 

8.8 
120 

2.9 

22 
250 

4.2 

15 
110 

4.9 
5.5 

16 

2.0 
13 

7.4 
2.3 

a2 
140 
140 

r i -e 

L 

i - -e 

_- 
l l 

___ _ - 
l l 

l l 

. . - 
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TablcC.S- (Continued) 

Rlglll (continuui) RI%11 (continued) 

e EglV 
True Crabs: 

. Crapsw 
Carqmce 

I 
Gille 
Gaetric mffl 
Gut 
Liver 
MUECl~ 

Green gland 
fbvtmmerettes 

Eriphia 
CVrprCa 
Gillr 
Gastrtc mill 
Liver 
Huacle 
Rgsr 

Eriphia 
t%rnpncC 
Cl& 
Gastric mtll 
Liver 
Muscle 
Green gland 
Egga 

gnatle: 
Turbo 

Srerl 
Mantle and gtll 
Gut 
Liver 
Foot 

Abalone 
Mantle 
Viscera* 
Vlrcern* 
Foot 

Drcrpcr 
Srell 
Foot and mantle 
Vircera 

VoSWl 
Bell 
bfantle 
Vtscerr 
Feat 

Morula 
Ghell 
SaIt parte 

Planaxis 
me11 

43 
49 

12 
42 

6.4 
s.2 

24 
1.7 
6.1 

88 

S-B parts 
C. moneta 

Shell 
Foot and mantle 
Viscera 

Clams: 
Tridacna 

Mantle 
Huecle 
Liver 
Vtrceral man8 

42 
74 
76 
a2 

1.1 
9.9 

20 
6.2 
9.6 

12 
3.3 
2.e 
8.3 

Oyuters: 
Inognomon 

shell 
8dt partr 

SPondylw 
ate11 
Mantle 
Mulvcle 
Vircer;r 
Gonad 

4.4 
41 
55 

220 
3.5 

7.7 
140 
180 

2.1 

10 
11 

400 

0.56 
0.58 
1.2 
0.35 

6.0 
3.0 

2s 

8pongee: 
Red 

6oft cornl 
corals: 

Pocillopora 
Heliopora 
Acropora 

Sea cucumbers: 
Stichopus 

Body wail 
Gut 

True crabs: 
Xantbid 

Gctopw: 
Tentacle 
Cl11 
Llver 

Clame: 
Tridama 

Slell 
Mantle 
MllSCh 

Liver 
Viecernl mass 
Gill 

Tridacna 
9rell 
Mantle 
Muscle 
Liver 

s.3 

3.8 
16 

150 

1.5 
0.76 
2.9 
0.75 

17 
45 

3,100 
770 

700 
680 

7,700 

110 
5,900 

780 

_. ._ 
0 

0 

c _ 

0 

s,-_- 

0 

. 
9 

25 
110 

4,100 

0 

75 
140 
56 

li0 
350 
120 

170 
92 
52 

130 

__ i 

_- - l 
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Table C.3-(Continued) 

Hogallua (contlnwd) 

Visceral mass 
Gill 

700 
330 

Engebi 

Corals: 
Pocillopma 
Heliopora 
Acropora 
hmsia 

Sea cucumbers: 
Ii. afra 

Body wsll 
Gut 
Respiratory tree 

Swtmp: 
Crangon 

Hermit crsbs: 
Dardanus 

Gsstrtc mill snd 
gut 

Muscle 
Le% 

True crsbs: 
Xantbtd 
Grspsid 

Sruik 
Morula 

Shell 
Soft parts 

Clams: 
Tridacna 

Shell 
Msntle 
Muscle 
Liver 
Visceral msss 
Gill 

770 
220 

7,100 
45 

52 
15,000 

100 

330 

7,800 

410 
750 

1,800 
450 

190 
100 

45 
22 
10 
24 

460 
51 

Aarasnbtru 

Hydrolds: 
Pennuria 

Sea cucumbers: 
II. afra 

Body wall 
Gut 

H. o&a 

980 

140 
4,800 

Body wall 230 
Gut 1,100 

H. awl 
Body wall 17 
Gut 5,800 

hraMblru (conunuad) 

R. otra 
f-Y_ 64 
Gut 6,800 

SficAopu.9 
-dYd 8.5 
Gut 2,500 

SIichopw 
Body wsll 5.4 
Gut 5,800 

Sfichopus 
-Yd 7.2 
Gut 4,400 

Sfichopw 
MY- 6.1 
Gut 4,200 

SliCliopvp 
Body wall 5.4 
Gut 3,- 

Hermit crabs: 
Calcinlrs 

TbO_ 42 
Abdomen 23 

True crabs: 
Ocypode 

CUpppeo 20 
Gills 19 
Muscle 3.1 
Viscera 29 

Clams: 
TtidUC?la 

&ell 18 
Mantle 6.6 
Muscle 2.1 
Liver 11 
Visceral mass 21 

Tridacm 
Mantle 2.9 
Muscle 2.5 
Liver 6.5 
Vtsceral mass 2.3 
Gill 9.8 

Oysters: 
SpOdYlKS 

Mantle 120 
Viscera 620 
Cl11 75 

Runit 
Sponges: 

White 120 
White 7 

corals: 

i -‘-a 

i 0 

i 0 

-. . . 
b 0 

i 0 

1 0 

L-. 0 
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Table C.J-(continued) _-- 
‘ l 

Runit (continued) 

Pm’tes 
starfish: 

Linkia 
&a urchbs: 

Echinonetra 
Test 
Jaws 
Gut 
Caeca 
mpry 

6ea cucumbers: 
H. atra 

Body vau 
Gut 
Respfratory tree 

Suimp: 
Crangoa 

Muscle 
Viscera 
Carapace 
Gill 
Eggs and swtmmerettes 

Hermit crabs: 
Calcinas 

Thorv 
Abdomen 
Appendages 

True crabs: 
Ocypode 

Carspace 
Muscle 
Viscera 

Grapsus 
Carapace 
Gills 
Muscle 
Viscera 

Eriphicr 
Carapace 
Gills 
Muscle 
Viscera* 
Viscera* 
Swlmmerettes 

Runit (continued) 

6MtL: 
Turbo 

6hell 
Foot and msntle 
Viscera 

Nerita 
sell 
Mantle 
Viscera 
Feat 

C. m-to 
Shell 
FOOZ and msntle 
Viscera 

Clam*: 
T*idoC?Ul 

Mantle 
Muscle 
Vfscera and gill 

WPoPus 
Shell 
Mantle 
Muscle 
Viscera and gill 

ADD&A 

35 

32 

5.5 
3.4 

65 
07 
11 

12 
130 
12 

7.0 
31 
32 
30 

9.9 

23 
30 

0.6 

3.9 
1.2 
5.9 

29 
56 
1.8 

160 

13 
36 

0.76 
15 
26 
19 

2.9 
5.1 

42 

5.2 
3.0 

45 
3.4 

1.2 
6.6 

43 

5.6 
3.1 

16 

3.9 
0.63 
0.94 

31 

_ _.. _ 
1 a 

_ 
. a b , 

4 

. 

\ 
B a 

_. _. 
I * 

\ 

i 

-.._ 
1 . 

t 

__I 

I a 

Japtan 

Sea urchh: 
Echtnodermata 

Test 
Viscera 

Background 
Background 

_ 
I e 

I 0 

True crabs: 
Grapsw 

Carapace 
GWS 
Gastric ml11 
Gut 
Ltver 
Muscle 
Salmmerettes 

14 
62 

200 
240 

62 
0.90 

110 

*Two samples from the same animal. 

: . . 
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APPENDIX D 

COMMON NAMES, GENERA, AND SPECIES OF FISH USED 

FOR COUNTING AND NUMBER OF S?tCIMENS 

Common name Genus mecies 
No. of 

specimens 

._. Carnivores 

Grouper 

Wrasse 

auirrel 

Go&fish 

Ctiinal 

Eel 

WY 

Epixephelus men-a 
Epinephelus elongatus 
Epinepkelus macrospilos 
Halichoeres trimaculatus 
Halichoeres margaritaceus 
Halichoeres kallochroma 
Halichoeres notopsis 
Thalassoma quinquetittata 
Stethojulis axillaris 
Gomphosus varius 
Cheilinus sp. 
Pseudocheilinus hexatania 
Holocentrus . microstomus 
Holocentrus lacteo-guttatus 
Holocentrus diadema 
Myripristus argyromus 
Auyripristu9 pralinius 
Mulloidichthys samoenris 
Mulloidichthys auriflamma 
Parupeneus barberirms 
Apogon snyderi 
Apoga novemfasciata 
Apogon doryssa 
Gymnothorur buroensis 
Gymnothorax picta 
Gymnothorax w&data 
Valenciennea strigata 
Valenciennea sexguttata 

.- _-. -. -. 
b l 

i . 

I -0 

L-. 0 . 

_.. -..-_._ _.-L 
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CoiFmon name Genus Species 

Carnivores (continued) 

No. of 
specimens 

fW=ver 

Jack 
S7nelt 
Halfbeak 
Fteeffish 
Flatfish 

Lethrtnus microdon 2 
Lutianus janthinuropterus 2 
Lutianus monostigma 1 
Caranx sexfasciata 3 
Pcrapercis montillae 1 
HVporhamphus dussumieri 2 
Pseudochromis nig+icns 5 
Bothus mancus 1 

Omnivores 

Damsel 

Svg-n 

Butterfly 

Parrot 

BkMy 

Mullet 
Puffer 
Brotulid 
Filefish 

Abudefduf biocellatus 30 
Abudefduf lacrymatus 4 
Abudefduf sordidus 3 
Abudefduf vatuli 1 
Pomacentrus jenkensi 4 
Acanthurus triostegus 12 
Acanthurus elongatus 3 
Naso litturatus 1 
Chaetcdon citrinellus 3 
Chaetodon Iunula 3 
Chaetodon awiga 5 
Chaetodon ephippium 1 
Scarus erythrodon 10 
Scarus sordidus 5 
Istiblennius edentulus 6 
Istiblennius PaUluS 3 
Istiblennius coronotus 1 
Neomym’s chaptalli 5 
Canthigaster solandri 4 
Dinemathichthys iluocoeteoides 1 
Oxymonacanthus longirostris 1 

--- - 
0 

_ ..- 
0 

_ _.-. - 
0 

_. 
0 

_ . . .~ 
. 0 

_ : -,w -- 

m 

. 
0 

__ 0 
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APPENDZX F 

RADIOACTIVITY OF BIRDS, POSTSHOT” 

I 

I 

I 

*a 1.1. 0.01 0.35 
1. T. 1.1 03 
N. T. 0.64 0.087 

Al. 1.2 0.26 

RIIlu 1. T. a22 0.26 
N. T. 0.56 0.60 
N. 1. $2 1.2 
A. T. 2.0 a62 

AI. 14 0.72 

Rqebl! N. T. lT.000 

w- G. P. 10 0.52 
T. 26 0.13 

AT. 16 0.63 

Aanenbtm w. 1. I4 2.0 
F. T. 1.6 0.44 
N. T. 0.56 0.26 

AT. 

Ronit N. T. 
N. T. 
C. T. 

AT. 

Jrptu F. 1. 
P. T. 
N. T. 
N. 1. 

1.1 036 

a22 0.45 
0.44 1.0 
1.6 0.17 

0.75 0.54 

0.22 0.22 
0.51 0.24 
0.34 0.20 
0.20 a22 

0.27 a21 

0.6s a16 

1.2 0.044 0.16 0.22 an 
OP 0.064 al8 0.16 0.22 
1.0 0.14 0.10 0.20 0.24 

1.0 0.002 0.15 0.22 0.41 

a6S 0.616 a16 0.12 0.22 
0.60 2.4 2.2 2.2 10 

66 6.0 4.4 12 20 
1.6 2.2 1.4 2.2 s.2 

22 2.6 2.1 4.1 12 

4.2 1.6 
11 2.4 

1.6 2.5 

6,s I.6 
a61 0.64 
0.60 0.62 

1.0 
1.4 

a.2 

28 
1.2 
0.56 

27 
150 

04 

66 
1.0 
1.2 

0.68 0.76 

a72 0.62 
476 2.2 
0.71 0.22 

0.14 1.06 

0.40 0.11 
a27 0.14 
0.22 0.1’1 
0.26 0.096 

0.~0 an 

0.55 0.11 

0.68 1.5 

0.16 22 
1.4 6.2 
0.24 6.T 

0.82 10 

0.14 0.15 
0.14 ai0 
0.10 0.t5 
0.12 a2a 

0.14 0.20 

0.40 0.11 

0.6 
140 

72 

220 
a2 
2.1 
2.4 

X8 

4.6 
2.0 
2.4 

2.1 

at6 
0.07 
0.10 
0.40 

0.16 

0.12 

1.0 

1.0 

0.42 
1.J 

aa6 

I 

l Yeuured In dlrtnte6mUona pet mtmte per gnm (II 1000). mt umple. 
tF. T.. IaIry tern; N. T.. mddy tern; A T.. uctk ten; G. P.. goida plmrr; 1.. maw; 

Wtler; C. T.. crested tern; md 6. T.. sooty Pro. 
kUlcd by blut. 

I 
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APPENDIX 0 

SURVEY-METER READINGS, POSTSHOT 

LlMd 

ww 11-5-52 12 8 9 11 

2 120 270 700 

26 89 120 140 
Itunit 11-6-52 24 11 

2 25 28 
26 15 
2 18 18 16 

28 65 
2 75 75 75 

28 50 
2 90 280 ‘LOO 

mw 11-7-52 26 500 
2 750 1,250 2,250 

Auunbtru 11-7-52 26 420 
2 620 1,050 2,050 

Engabr 11-8-52 36 2,500 
2 2,000 0,000 11,000 

bgoonridel0Roatintotbe 
water 

Imhorel5ydatedgeof 

rwem 
IMlWO15yd 
Water-mahod rock8 

on hgooo be8cb 
Rasybeacb1oyd 

lzmhore from edga of water 
88&y beach b&ore 

20 yd from edge of water 
North end 

ofmand 
oabeachatedge 

dwaterawlonebore 
onbeachatedgeof 

watermdon dmre 

0nbeachab0vewderline 

MdOnEilOril 

+Readtnga taken wttb a Juno tontsation rate mater enclosed tn a 4.25 mg/oq cm polyethylene 
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APPENDIX H 

PROCEDURES FC’R PRECIPITATION OF 

FISSION PRODUCTS AND CALCIUM AND STRONTIUM 

1. The .sea water was acldlfled and stirred to remove bicarbonates. 
2. Ferric chloride was added and prtclpltated by the addition of ammonium hydxoxlde. 

The precipitate was allowed to coagulate. 
3. Fiaturated ammonium oxalate Mzlutlon was added to the solution to precipitate oxalates, 

pnd the solution was allowed to stand several hours. 
4. The combined precipitates were filtered, and the filter paper with precipitate was re- 

turned to the laboratory. 
Processing ln the laboratory was 8s follows: 
5. The filter paper and preclpltate was ashed at 6OO’C to destroy the paper and convert 

oxalates to oxides. 

i 

6. The ash was dissolved in dilute hydrochloric acid. Solution was complete. 
7. The iron which had previously been added was reprecipltated by the addition of M- 

monlum hydroxide. This preclpltate, which is belleved to contain most of the fission producta 
of the sample, was plated and counted. 

! 

8. The alkaline filtrate was diluted to 100 ml, and duplicate 20-ml allquots were taken. 
9. The allquots were dlluted to 100 ml, ud calcium and strontium were repreclpitated by 

the addition of saturated ammonium oxalate solution. The precipitate was plated and counted. 
The 0.Sltter poetshot samples were brought to the laboratory for all the processing. The 

method was slightly different from that used in the field and was as follows: 
1. The sample was acidified and stirred to remove bicarbonates. 
2. Ferric chloride was added and reprecipltated as ferric hydroxide by the addition of 

ammonium hydroxide. The precipitate was filtered out, dissolved, and washed through the 
filter paper wlth dilute acid, repreclpitated from a smaller volume, centrifuged, plated, and 
counted. 

3. Caklum and strontium were precipitated from the alkaline filtrate by the addltlon of 
eaturated ammonium oxalate solution to ths hot solutfon, The precipitate wae filtered out, 
dlerolved, and washed through the paper with acid, reprcclpltated from a smaller volume, 
centrifuged, plated, end counted. 

I 
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. 
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