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INTRODUCTICLi

On September 7, 1972, the Atomic Energy Commission (AEC) agreed to

provide radiological criteria for cleanup and rehabilit.at<on of Enewetak

Atoll to the Department of Defense (DOD) and to the Department of Interior “

(DOI) . AZC also agreed to conduct a comprehensive radiolo~ical survey.

The purpose of the survey was to gain a sufficient understanding of the total

radiological environment of Enewetzl. Atoll to support judgment as to whether

all or any part of the Atoll can safety be reinhabited and, if so, to des-

cribe cleanup actions to be taken and any constraints.

Radiological survey field operations were conducted between riid-Octcber

1972 and nid-~ebruary 1973. Smples tdien in the field have been analy:!ed

and complete results of the survey have been published i-s a Nevada Operations

Office document (iJ\’O-140), Enevetak Radiclo:;icd Survey, Vols. 1, 11, III.

An abstract of NVO-140 is presented in Ap~endix I of this report, and the

“Surmary of Findings” chapter is reproduced here in Appendix II.

In July 1973, a Task Group was established to reviw t!le Survey fim?in~s

and to prepare cleanup md rehabilitation recommendations foz considcra:icm

by the Commission. Members

Dr. k’. liervik (LLL), Dr. I).

Advisors and consultants to

Dr. R. Conard (Bhl), Dr. H.

of this Task Croup are: Mr. T. NcCrav (ALC./OS),

Wilson (LLL), and Mr. W. Schroebel (I,2CIDLLR).

the Task Group have included Dr. E. Held (.WC/Ri~:),

Soule (AEC/\!lfl), Ur. 1{. I_larr (4xc/DBcR), Dr. R.

Mucwell (AEC/DIXR), Mr. L. J. Deal (AEC/OS), and Hr. R. Ray (AEC/KV[J). staff

liaison representatives from Dlii\, EPA, and DO1 participated in Task Group

meetings.

The job of the Task Group ic to recommend radiological criteria for

cleanup and rehabilitation o,r lhc~.etak Atoll and to recommend those rer.cz!ial
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measures and actions needed to reduce exposures of the Enewetak people to

levels within these criteria , and to keep exposures as low as practicable.

The Tzsk Group, advisors, and consultants have carefully reviewed the AEC

Radiological Survey results; current information on the life style, diet, and

rehabilitation preferences of the Enewetak people; applicable radiatios pro-

tection guidance established by various national and internatior.al Radiat:on

Standards bodies; and current laws and regulations pertaining to dispcsal of-

radioactive waste materials.

The recommendations that were developed are those that, in the judgment

of the Task Croup, advisors, and consultants, are most appropriate fox the

U.S. Government to talce to provide a radiologically acceptable envircmrwnt

for tile Ikewetak people considerin~ they will be long-terfi residents on the

Atoil.

TAS1; GROUPSTATE?DXT CO!;CEI??:lNGTHE JLM)IOLOCICALSURVEYRESULTS———- __ _ -. .—

After thorough review of the Ikdiological Survey

wAcs the following observations:

o The survey provides an exceptionally complete

Report., the Taslc

data base for

estimating radiation doses. It includes tile results of m

aerial fiarzna radiation survey of land area plus radiochenical
4

GIXXLI.

data from the analysis of over 4500 samples of air, soil, se~?imnt,

water, and marine and land aninals.
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e The Survey report, plus the Master Plan for Rehabilitation and re-

settlement of Enewetak Atoll* ~ provide an accurate~ comprehensive>

and up-to-date assessment of the likely living patterns and diet of

the Enewetak people.

● “Several important components of the Enewetakese

now available on the atoll, or are available in

diet axe either not

quantities which, are

small conpared to

available at all,

new; pandanus and

the needs of the people. Pigs and chickens are not

but will be reintrod~ced. No breadfruit is growing

tacca are growing only in scattered locations; and

coconut is growing in quantity only on the southern islands. 3read-

fruit, pandanus, tacca, and coconut must be planted and will be~,in

to produce crops after about ei@Jt years.

Radiation dose estimates for these foods have had to be based on

correlations with plants and anfmls ~ow present on the ztnll and c?.

inferences drawn from earlier surveys on Likini zu~d Rcnfiehp. T1/eTc

are many ‘data points, and these correlations provide the best. m~thoc!

currently available for estimating internal exposures. l{evertheless,

the method is not as reliable as direct neasurenent of the foods

produced in the areas of concern.

● Air samplin~ at Lne~*etak, accor.plished largely during a threz

week period in Decenber 1972 on unin>abitcc! northern islands,

showed extremely lo~- levels of airborne radioactivity. coi3-

*“Ihewetak Atoll Master Plan for Island Rehabilitation and Resettlement,”

(3 Vols. ), Iloluics and ~arver, Inc., IJov. 1973.
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prehensive air sanpling during 12” consecutive months under

conditions closely approximating human habitation and soil

disturbance would provide more accurate data on which to base

inhalation exposure

● The Knewetak People

principal source of

estimates .

advise that catchment rainwater is the customary

water for human consumption. Except in

emergencies, water from underground lenses is not consumed.

Samples of underground water were not obtained during the survey,

and radiochemical analytical data on lens water is limited to that

obtained from a few samples taken on JLMIT in 1971. A t?lorou~h lens

water sanpling, analysis, and assessment program requires sa.apling

throu~il a full rain-dry season cycle, 12 consecutive months at

a Dinim.um. Arrangements for sam?ling fresh water lenses are

being made.

e It is the opinion of the Task Group that the results of aaditicnal

air sanpling or lens water sampling probably would not significantly

change the dose estinates in l\TO-140 nor ch~nge the recoriencl:*-

tions of this Task Group.

li@IATIOl: CRITHIIA ItlICO12E:~DlZI)!lY T1lZ TASK Gl10’JP

A review of the radiation protection standards and guides considered h’?

the Task Croup to be applicable to Enewetali is presented in Appendix 111.

This review indicates that the numerical standards and radiation prstectiGn

philosophy of both national and international standards bodies are sirilar.



Summarizing that appendix, the specific guidance and criteria used by the

Task Group in its assessment o.= the data and recommended for cleanup and

rehabilitation of the atoll, are as follows:

G The population dose to the lkewetak people should be kept to the

minitim practicable level.

@ A value of 50 percent of the Federal Radiation Council (FRC)

Radiation Protection Guides (?J%’s) for individuals is rcconmended

for the criteria to be used in evaluating the various exposure

reduction options considerin~ that such exposures cannot nov* be

precisely determined.

The follo:~in~ values apply:

Whole body and bone marrow - 0.25 Rem/yr

Thyroid - 0.75 i@n/yr

Bone - 0.75 Rem~yr

o The guide for gonadal exposure of the popula~ion shmlti. be -

4 remz in 30 years.

e The.guidance for 239 Pu in soil s!~ould be the following:’:

a. < 40 pCi/gn of soil - corrective action not required

b. 40 to 400 pci/grn of soil - corrective action dctermtir.ed on a

case-by-case

c. > 400 pci/m

basis** considering all rzc?tolcgtcal conditiom.

of soil - corrective action required.

~ese values are recommerided for

**See ApDendix 111 for additional

use in cleanup

guidance.

of Enewetak Atoll only.

.0
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ASSIXSllH?T OF DOSIX NiD THC RRSULTS OF ALTIZRNATIVCCO?UUCTIVEACTIOM

for

The Task Group approach for

the radiolo~ica.1 cleanup and

development of jud.~ents

rehabication of Enewetak

and reconmienciation

was to consider

a number of alternatives for exposure reduction thzt may be feasible. hasi(

m....

.

..

“=-’:%##’J’- i...

the procedure Involved four steps:

a Assessment of doses for ~ population Ii\*ing on the atoli in its

current radiological condition.

e Assessment of dme reductions tl~at might be expected clue to rnodific

tion of the diet.

v Assessment of dose reductions that might be expected due to removal

of COnta?3iilatCc! SOil.

G m..----4 ---- ..C +1.-,-,. .*,.@.mV.<5.i<VLk.-. ,.. . . . . . . . .. . . . ..-”- “e.--. -.--- r.mw r-~--+ -s(, <.+ -h +F.n nmn,tlari.an /.................------------ ..—---- -.-:- , -------...-

guidclines usec by the ‘Iask Grou;l.

Tile Enewetak lladiolo~ical Survey ?lepwt (:l\’&l&O) ccr.tains estir~tcs

population doses on che atoll in its current radialo@cal condition for si

living patterns chcsen to be nest representative of the Znewetnk pco?le’s

desired l~f.e style after they return. In addition, dose esti~iitcs are K-M:

fGr each of these liv~ng patterns for each of the following corrective acl

o Gravel the village area and plow the villa~e island.

Q Import pandanus and breadfruit from the sotithern islands (AL’/Ill-

KEI’Ri) for inhahitancs of the northern islands.

e Import pandanus, breadfruit, coconut and tacca from the southern

islands .

Q Import pandanus, breadfruit, coconut, tacca, and domestic mat f~

the scmthern islands.
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The estimates for 30 year whole bociy” doses in the Survey Report are

summarized in Table 1, and 30 year bone dose estimates are summarized In

Table 2, Note that the option for “Gravel Village Area - Plow Village

Island,” achives a minimal reduction in radiation exposure of whole

body and bone for all living patterns$ and those living on JN??ZT would

have to import most foods to avoid exceeding a whole body exposure of

4 reins in 30 years. Population dose guidelines used by the Task Group

include annual dose rates as well as 30 year intergr81s for gezetis

doses. Tables 3 aiid 4 show estimates of the “inaxfmumannual whole body

end bone dose.*

In considczing the reduction in exposure

renoval of contanlnated soil, the Task Group has

predicted exposures are a?proxlmations cnly. pc ~ffe.~tl~:cncss of SUCII aCtf.O~C

to reduce internal exposures must be conf.irned throu[;h analysis of test

plantings.**

In its assessment of dose reductions that mi~,ht be possible

removal of contaminated soil, the Task Group posed the follok’iny,

“Given the dose estimates of Tables 1-4, and the dcse reductions

due to

q~zstiolls:

that can

be expected due to modifications of the diet, can equivalent dose reductions

be achieved by remcval of soil and, if SOS what volumz of soil woald have tc

be removed froz cmtaminatcd is18nds”? In order to address this questim

*A detailed description of the calculations leadln~ to the estimates in Tables

3 and 4 is given in Appendix 117.

*Whe Task Group does not favor soil removal as a dependable

exposure reductiori action. Howvcr, such action is re.vieved

Report in order to present a ccmplete picture oi’ the various

considered.

or feasible

in the Task Growp

possibiMtics
. . .
:“,

..
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one must know or have estimates of the areas to be used for housing and

villages, for growing panda~us and breadfruit, for growing coconut, and for

raising domestic animals.

Figure 1 shows the Ihevetak Atoll Land We Plaxn as presented in the

Enewetak Atoll Haster Plan. Of the northern islands only Enjebi (JANEI) is

expected to be a residence and agricultural island. Aej (OLIVE), Lujor (PEARL),

Arnon (SALLY),

to be used as

DAISY, HWI?E,

islands.

I?igure 2

Bijile (TILDA), Lojwa (URSULA), and Akmebel (VH?A) are iriter.ded

a~ricultural islands , and the remainder (ALICfi, EIH.LE~ CLARA?

KATZ,

shows

14 housin~ areas

x 200’ in size),

areas (1,100,000

In order to

to be renoved to

LUCY, IIMY, lMliCY, and lJIL~) as food gathering and picnic

the land use plan for lkrjebi Island (JMKT) , includtn$

(560,000 ft-, assuminS an avcra~e

a conmunity center (200,000 ftz),

ft2), and commercial s!;ricultursl

housing are?. to bc 20!)~

subsistence a~ricultura]

areas (7,300,000 ftz).

get an approximaticm of the amount of soil that would ;lave

bring about a given dose reduction, one needs to dete~lfne

the three dimensional distribution of the radioactive contaiiination. ~i~u=e ~

shows the average

depth of 15 cm on

90
Sr activities (pCi/Cm) in soil samples collected to a

JNJIZT. Siriilar fi~ures for
137 60C0 and 239PU ~d~x.LO fOun,

Cs, , .-

Appendix II of WO--l40. In addition to the 15 cm deep sanples, radioactivity

distribution as a function of depth (“profile sanples”) was measured in

fourteen locations on .TAIJH’. l)ata frcm these profiles arc presented in

Figs. B.8.2.a-n of Appendix 11 of lNO-140. Inspection of these profiles

indicztes that, on the average, about 40 cm of soil would have to be removed

to reduce the activity in the top 2 cm Iayer.by a factor of 10. In addition,
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as the depth increases the slope of the activity -vs-depth curve tends to

decrease, i.e., the activity levels do not go to zero,

than 100 CU1.
90~r

Table 5 sh&s pertinent data for .

even at depths greater

In an attempt to quantify this distribution and obtain an approximation of

the “avera~e profile” for calculational purposes,
90

Sr and
137

Cs datz fc”r each

fourteen profile samples have been re~roduced in Tables 6 and 7. The average

90
values for Sr for each sampling de~th are plotted in Fig. 4. It is apparmt

from the surface to about 30 cm the
90

Sr specific activity is decrczsing with
,

a “soil half thickness” of 8.4 cm, while in the 30 to 85 CIAdepth range the

half thickness increases to 22 cn. The levels to not xet as low as those found

on the southern islands (%0.5 pCi/gn) at any depth down to 180 cm. ThQsc

profile samples which lie in or clcsest tc the subsistence agriculture areas

of Figure 2 have “bez~ avera~ed and plotter! in F5g. 5. In this set, ~hc h:,lf

thickness is only 4 cm from tl~e surface to 10 cm. huc increases to 25.5 cu

in the 10 to 85 cm depth range. Similar treatment of the
i37

Cs dat:. is

plotted in Figs. 6 and 7. In Fig. 6, where z1l ~aples are averaged, ‘the

half thickness is 4.5 cm down to about 10 cm, and 12 cm from 10 to 85 cm.

Levels-equal to those found on the southern islands (6.0.2 pCi/gn) arc found

at depths below about 100 cn. In Fig. 7, the subsistence agriculture case

gives a half thickness of 2.7 cm down to 10 cm, and 17.8 cm frcn 10 tc 83 cz.

For botl]
90

Sr and
137

Cs it is apparent that the profile avera~ed over all.

samples is more consemative than is the profile for subsistence a~ricultural

areas for estimating the affects of soil rcnoval: therefore the Task Croup

has used Figs. 4 and 6 for estima~ing dose reductions that tight occur due

to removal of soil.
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In making these dose reduction approximations, one must keep two things

in mind; first, that the NVO-140 does estimates for terrestrial foods grown I

an island such as JANET are based on correlations between certain indicator

plants and

foods S@l

that these

average soil concentrations in the 0-15 cm samples (Fig= 3) sir;ce

as pandanus and breadfruit were not found on .JAN2T and, second,

concentrations are averaged over the 0-15 cm depth of Figs. 4 anc

Estimates of dose reductions to be expected due to removal of soil to a give

depth, therefore, require an estimate of the ratio of the averafie concenrra!

of the nuclides of concern in the 0-15 cm depth of the newly ex~osed surfact

to that for the surface which is present now. This approach does not cons~.,

che radioactivity in the soils deeper than 15 cm which may be ii~portant,

particularly’for plants with roots that penetrate deeply into the soil. ‘la

90 137
presents these avera~e concentrations and “ratios for Sr aad Cs for eac

increment from. the present surface down to 105 cm as derived from FiCs. 4 c

These estinatcs indicate, for example, thct removal of 15 cm of soil nk>y r:

the terrestrial food dose due to
90

Sr by a factor of 3.3 and that due to

137
(k by 3.2. however, such reduction ray or may not be actually achieved

There is no experience to support these reduction levels.

Using the data of Table 8, one nay assess the dose reductions that mi

occur due to sycific cleanup actions on J~TLT. Table 9 shows the doses

that might occur due to seven different conditions. Case D represents

99~-
the contributors to the 80 Rem bone dose of Table 2 using values for .

137 Cs averaged over all of JAIJET. Case D1 indicates that if subsistence

agriculture is limited to

90 137CSshore) the Sr and

resulting 30 yr hone dose

the area shown in Fig. 2

levels may be reduced to

becomes 57 Mm. Removal

(i.e., along the lagoo~

such ~? exter.t that t.nt

of a half-thickness of

#-.
t
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137
Cs (4.5 cm) in the residential areas has little effect since that action

influences only the external gamma dose. Removal of successive 15 cm lzyers

of soil in the subsistence agricultural areas, however, may reduce the bone

dose by si~ificant amounts. Removal of the top 15 cm layer,

may reduce the 30 year bone dose from 57 P.em to 19 Rem~ while

additional 15 cm may brin~ the dose down to 10.7 Item.

Since soil renoval-vs-bsne dose reduction would possibly

for exa~ple,

removal of an

be most effective

for pandanus and breadfruit, a variation on the estimates of Table 9 may be

obtained by preferentially stripping soil in areas where these trees are

to be grown.

grown in the

of soil have

For case D-1, for example, if pandanus and breadfruit are

subsistence agricultural areas only in sections from which 15 cm

been renoved, the resulting bone dose may drop frcm 57 Rem to

-i T&r, f:2.7.1 \A.<., :7 22.: -: Q.:>c *L ::,7-4= ..JJ4+4..- ..1 1 c “w. 1 “..r.-r :e VC.+.in.?r.rl, . .... A..-* . . . . . . -- _ --, - . -- ---- - -- :

the dcse may drop to 23.7 k-m.

achieved is through

outside the atoll.

The maxim.. dose reduction that can be

importation of clean soil from the southern isiantis or from

90
Sr concentrations in the average profil?(’rable 6)

do not get as 10V as those on the southern islands even at a depth of

180 Cm. To achieve this moximum effect, however, sufficient clean soil has

to be imported to encompass the entire root systen of the mature trees and

the water supply for these crops must not have
90

Sr levels higiler than those

found in the southern islands. Any replacement soil should be coarse and

granular. Such soil is less likely to blow away or wash zway. Given these

conditions, the 57 Rem bone dose of case D1 may be reduced

(57-39.1 + 2.1 (0.45) (the 2.1 Rem fron Tah~e 241 and 0.45

of NVO-140).

to 18.9 Rem

from Table 243
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As to the question of whether equivalent dose reductions (equivalent to

reductions obtained through modification of the diet) could be obtained

throu@ renoval of contaminated soil, the Task Group holds the opinion that

some reduction is possible. However, the magnitude of this reduction is

uncertain and can only be determined reliably through measurement of the

radionuclide content of the important food items such as paiidanus and bread-

fruit grown in the modified condition. This would require z research effort

to grow test plantings of the various food crops in the soil renoval and

replacement areas using varioas fertilizers and trace minerals, and analysi$

of radionuclide content of the fruit produced. There is the possibility th:

radioactivity in the fruit could be relizbly pretiicted fron a~alvsis of

stems and leaves of young and as yet u:~productive plants. This \iot,ild rcqti

additional study. ConsicierinC the tine required for such stu$fes and

that the levels of radioactivity in soil are being reduced by radioacti~ve

decay and weathering, it nay take about as long to return people to JAXLT

using soil removal and confirmatory studies as would be needed h’ithout suck

actions.

In the commercial agriculture areas of JANET and the other northern

islands the item of concern j.s the radioactivity level of coconuts (i.e.,

“Can the Enewetakese sell their copra?”). Data in IWO-140 (p: 560-562)

indicate that 137
Cs is the principal man-made raciionuclide found in coconti

137 137 137meat, with the relationship Cs (ccpra! = 1.3 Cs (soil) at Cs soil

40K i
concentrations greater thaii 4.7 pCi/gn. llNO-140 also indicates that

found in copra at an average concentration of 6.8 pCi/&. Since
40

Xiss

naturally occurring radionuclidc and is always present in copra, it seens

able to judge the marketability of ccpra Erown in Enewetah Islands on the
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137
Cs content relative to the naturally occurring

40K 137CS
of its . If the

in soil is less than 5.2 pCi/gm, for example, the
137

Cs content of the copr:

40
produced may be less thti its K content, and one might argue that its marl

137
ability should be unaffected. Table 10 show the mean Cs soil concectrz’

137
and soil removal actions that may redcce the Cs concentration in copr= c

1{ for all nortnem islanas

and C’&P&, pl~ttcd in Figs.

calculations for each of the

area in its currenc

40.- - .- . . . . .
\ralues eqtlal to and twice that of the natural

(average profile data for PEARL, ALICE, BELLE,

8-11 and included in Table S, were used in t~~e

islands).

On JANET, for exanple, the commercial a&riculture

137
condition should yield cogra with an averzge Cs /401;

about three. c ~oi~ ~~? r(~udce this valuer,emoval of a 6 cr, thick. layer CL

to two, and removal of 14 cm nay result i.n copra with equal conccntratims

of 137 40F
Cs and . . Itote that for isla::ds pl:;nn~d to be used for commercial

137
agriculture, it is possible that orjly J.QiL’T md MARL have Cs soil valL

hi@ enough to yield copra with a
137

Cs/401; ratio greater thrm 2. Te.t

plantin~s of coconut would be needed in areas where removal of scil h=s

been conducted and the level of
137

Cs in coconut meat a~alyzed before any

conmittment is made for plantin~ of coconut trees in commercial quantitie:

Nith additional study it nay be pcssible to predict with ccmfidcncc c?le

level of
137

Cs in coconut meat throu~h analysfs of stems and leaves of

immature trees. This would save time.

,5



f

.,...,,

..

DTSPOSfi OF COXTAWIATED MATE!U?L

For disposal of contaminated material, there appear~ to be several

categories, each requiring separate consideration:

1. Contaminated scrap, non-plutonium.

2, Contaminated soil, non-plutonium.

3. Contaminated scrap, plutonim.

4. Contaminated soil, plutonium.

5. Pieces of plutonium ”metalo

Some of the above are below the ground-surface such as in blirial sites.

Some fc near the surface such as the pieces of plutonium metal on YVWllZ.

With regard to dispos~l, the Task Group considers it appropriate to cite

the objectives for dis?osal, to list pcssihle approaches for di~?osal, ad.

to suggest pcssible interim meastizes where”appropriate.

Table 12 and the discussion in XV-140, Vol. I, conta~.ns i~f~r~~ti~n o~

known or suspected burial sites for radioactive debris. T~c ~~ol~cs a~~

l{arver “lh@neerinq Study For A Cleanup Plan, Enewctak Atoll-:%rshall

Islands,” Hn,-1348.1, contains information on the location and quantity of

other above ground contaminated scrap.

Considering the relative short radiolo~ical halftixies for the fission

proilucts and induced radioactivity found on such scrap and debri.sp the Tas’

Group suggests that the objective for disposal is to make this c!ehris,

particularly scrap metal , unavailable to the people when they return.

Possible approaches for disposal are:

1. Disposal in water filled and undewater craters.

2. Shalhm land burial wherein t!x rzdiation level of the scrap

is not si@ficantly greater than tha radiation level on land,

. .

[“; :

\l#.. .



3. Disposal in deeper porticns of the lagoon. It is expected that

this would be a modest addition to similar material already there

from past test operations.

For contaminated soil, other than plutonium, the Task Group

recommended removal of such soil and therefore there would be no

to select a method of disposal. If such disposal were required,

has not

requirement

the objective

would be to assure that there would be no pathway for any exposure of the

Enewetak people to this radioactivity and a minimal followup requirement too

insure that this situation continues after disposal.

The Task Group view is

of plutonium in the form of

magnitude than for fission

the Task Group has assumed

that there is no potential

1

1

that because of its extremt long haif life, disposal

contaminated soil and scrap is a problem of greater

~roduccs and induced activic;~ . In its delibcraticzs~

that the disposition of such material, will be sucl~

for exposure of the residents of the atoll once

cleanup hzs been completed. This is then the cbjcctive for eleanu~.

l?ecommmendations which follow will treat the questions of how to approach

recovcrv of the higher levels of plutonium contaminated soil and the pieces

of plutonium metal, and Appendix III of this report contains .wiaznce on

decisions to be made on whether removal of plutoniun contaminated soil is

justified on various islands. It is the tiew of the Task Group that as a “

tininun, cleanup must accomplish the recovery of the plutonium contaminated

materials, soil and scrap, from the

with placement in stockpiles as few

get better control of the materi.ala

various islands includi~g buried scrap,

in nunber as possible.

and to minimize spread

The object is to

of contamination,
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YVONNE may be a

continued until

Task Group that

suitable site for such stockpiling with the quarantine

proper disposal is accomplished. It is the hope of the

deliberation and decisions on disposal of plutonium contaminate

soil and scrap will not delay other cleanup and rehabilitation actioas.

As

1,

2.

3.

for considering disposal, there appears to be three possibilities:

Disposal wherein there is an irrevocable conmittrnent of the

contaminant to the environment.

Disposal wherein, with some difficulty, a later decision could

change the =thod of disposal.

An effort made to find a way to reduce the volume

requiring disposal in either way (1 or 2) above.

The following ideas ‘have been put forti~ for disposal

soil and scrap:

1.

2.

3.

4.

5.

and amount of naterii

of pl’vtonium c.ontarlfl

Disposal of plutoniun contaminated scrap in the deep lagoon or

deep

Make

deep

ocean.

the contaminated soil into concrete blocks with disposal in

ocean or through burial on land.

Disposai of contaminated soil

deep drill holes on land with

Disposal of soil end scrap in

a thick concrete cover.

Return of these materials for

as concrete blocks.

Any ocean disposal plans must be

in the form of cement poured into

the scrap added.

the water filled craters oc YV(XC?E

burial in the U.S. in packa~ed form or

coordinated with the Environmental

Protection Agency. The Enewetak people should be informed of any plans



for land burial within the atoll.

It may be possible to reduce the amount of material requiring disposal

by removal of the plutonium from the most highly contaminated soil. The

Taak Group does not have adequate information to determine whether this may
c

be feasible. Research to determine whether this can be accomplished could be

ccnducted tith YVOWE used as the study site.

TASK GROUP03SlZRV.4TIOHSMD CO.:CL?JSIO!?S

Ir. the radiologically complex Enewetak Atoll environment there are a

IarGe number of options that may be considered for cleanup and rehabilitation

of various islands. The Task”Group has coilsidered as many of these as

possible in the time available. To the. extent possible the Task Group has

attempted to arri*w at a consensus of opinion amon~ the drafting Group and

its technical advisors. Cmments on draft material. have been colicited

fron staff ~f several Federal agencies. Their

the approach to development of recomaendatiolis

changes of a technical nature. Regarding each

suflficstion:; have infltienccd

and have led to nunerous

Optionl the follo~.ing have

been considered.

1. Determination

comparison of

criteria.

of the radiological

predicted exposures

exposure to be expected

wtith accepted radiation

and

exposuxe

2. The feasibility of actions or restrictions inherent in the option.

3. The effectiveness of the option in bringing exposures within the

criteria and any uncertainties regarding the effectiveness.
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4. The possible impact on the ?hswetak people and on the environncnt.

Choice of the best overall method for reduction of exposures to the

lowest practicable level is a matter of judgment and opinion. The Task Group

has deliberated whether actions of an en~ineering nature such as soil rer.o~al

are preferable to actions that would restrict use of certain islands for

permanent habitation and food production. The adverse impact of engineering

actions on the atoll environment and the uncertainties regarding effectiveness

have been tiewed on the one hand, and the question of the extertt to wilich t-he

Enewetak people wotild conply with restrictions on the other.

NVO-140 and this Task Group report present the radiation doses that may

be associated with a broad rznge of options and provide data for calculat.irm

and therefc)re options - were considered il: natrix form (e.g. , livin~ patter~)

vs. diet, cr diet source vs. amount of soil removed). L%ilc these natriccs

serve to indicate in detail the ran~e of conditions to be found on the atoil,

the Task Group fc,els that its’ recG~en~atiG:ls are presented rmre effcc~i~!c;.: ?

narrative form.

There are three basic questions to bc addressed: e.~.v “Is the rac?iatinn

environment acceptable or can it be made acceptable for the IZnewetak people to

return to their atoll,” “ Is the radiation environment on Enjcbi acceptable

or can it be made acccptabic for t~le people to return~” ~d “Art? there islands

whicl~ are not zccep~able far pi:ople to ccnduct their norn.al agricultural and



social activities, and, if so, arc there any actions that could be taken or

restrictions imposed that would keep exposures within acceptable criteria?”

l!ithin this franework of data

focused attention on the following

Option I

a. I1o return of the Enewetak

b. Iio radiological clesnup.

and basic questions, the Task (%oup has

options (see Fig. 146, Appendix II):

people.

This clearly represents a no-cost, no-racliation-dose option. Just as

. clearly, it runs contrary to the expressed wishes of the Enewetak people, In

addition, choice of this option cannot be defen6ed usir.g current radi,attan prcl-

tcction philosophy and standards since the predicted exposures fcr pcrson~ li~fi.:i:

on the southern islaxds are well within sccc?t;hle standards.

--,
c)pii.ull AL

a. Return to the scuthern islands (AIJ~I:l-ldZITii).

b. A~riculture linited to the southern islands.

c* Travel restricted to the southern islands.

d. ]:0 restrictions on fishirt~.

e. ?io radiolo~ical cleanup.

This is an option with zero cost for radiological cleanup that results

in population doses well belaw the guides (Rw.r A of Tahlcs 1-4). lt di~~crz

from later options in that it leaves the problems of contaiiinated scrap in

many areas of the atoll, and tlw PU in soil on YVOIKE, IRZ:Z, and in the b~ri=l

sites on SALLY, plus generally contaminated areas on ALICL, BELLE, CLAP.’.,

and PEARL, unresolved. Such a choice would establish the need for off-linics

areas in perpetuity, at least for Yi’CXIl:E, since the metallic Pu is expected

tc be present on the surfac.c of the islaiid Inc!cfinitcly unless cleznu? Is

[ : ‘~:+

2’



performed. Under

Federal standards

the contamination

current conditions there is a potential for exposures exceeding

throuah the inhalation pathway and the possibility of spread of

if access to the island is not controlled. This accounts for

the current quarantine of the island. Limiting all agriculture to tile southern

islands is difficult to justify because some of the northern islands are iightly

contaminated. From Tables 1-4, for example, it can be seen that limitin~ only

the ~rowth of pandartus and breadfruit to the southern islands would permit all

other substance agricultural practices on JAI?ET-WUIXA without the radiation

exposure criteria being exceeded. Sinilarly, it is difficult to justify lim%tin;;

travel to the southern islands since the ambient Camma levels on the northern

islands do not represent a si~ificant external exposure potential for

occasional visitation.

Ol)tion III..—.

ii.

b.

c*

d.

e.

f.

Return to the southern islands (ALVIWKIZTH),

Substance A&riculture limited to the southern islands plus JK:LT--1!I11;.

except that pandmus and breadfruit are limited to the scmther~l islads

:Io restrictions on travel.

No restrictions on fishing.

Remove Pu contamination on YVOT.JE,. INNT and the SALLY burial sites.

Remove radioactive scrap.

This is one of the less expensive options in that it requires removal

of only the most seriously contaminated materials. In practical terns, it

maxinizes unrestricted use of areas of the atoll havins low radioactivity

levels, leaves no hazardous le~acics for the indefinite future, and permits

living patterns which, with high confidence, are expected to result in populatia’

doses weli below the reconncnded radiation criteria.



This option does not specify acticm a&ainst radioactivity in soil of the

islands such as ALICE, BELLE, and CLAM, nor does it recommend that residences

be built on .?ANLT. By implication, therefore, resettlement of JAIWT would have

to wait for radioactive decay and weathering processes to reduce contminatim

levels to acceptable values on these islarnds. Since the predominant isotn~es,

137
Cs and

90
Sr, each have half-lives of thirty years, the waitin: period could

be slightly more than one generation for each factor of two reduction in dose.

On the other !land the reduction could proceed at a sonew]lat faster rate. Or.
marrow

JA’WT , reducing the.maxinun annual child’s bone/dose from 0.72 ren/yr (Table

4, Case D-I) to the guide level of 0.25 rcn/yr through natural decay of the

90 about
Sr would theoretically require a wait of/50 years considerin~ only ratiiolo~ic~

decay. It is not expected that such a reduction will actually tal:c that Ions.

option IV

a. All of Option 111 a, c, d, e, and f, plus:

b, Return to JMXT and build residences and cmxunity cent.cr in locztic>~

shown on the i!aster Plan.

c. Remove a ninimm of 30 cm of soil in ail areas where pmdanus and

breadfruit are to be grown on JNWT; import clean soil in vhich to

establish these plants; or inport pandanus and breadfruit from the

southerm islands.

If these actions proved to be as effective as the theoretical predictions,

this would permit return of the Enjebi pecple to their island. It shou~d be

emphasized, however, that even with the above actions, predicted doses arc

near or slightly above the criteria for annual exposures and also above the

30 year criteria. The levels ~re expected to be well above those of Option III

..-- /. .. ..
t;.+..:.



Option IV c describes three ways in which essentially the sane end can

theoretically be achieved. Importation of food is the rast dependable action

but this inposes a long-term burden on the Enjebi people which they nay find

objectionable. Removal of soil alone is another alternative, but the

effectiveness of the action is uncertain for reducin~ population dose since

90
Sr and

137
Cs are found so far below the surface on JAIZT. Importin~ soil for :

of subsistence crops such as pandantis and breadfruit would possibly reduce the

dose from these foods to levels comparable to those found on the sout!lern island:

provided that sufficient soil is imported to encompass the entire root systen

of the mature trees. l.le water supply for these crops. must not have radio--

activity levels hi~hcr than those in the southern islands. 1ioT7this can be in:”~~’

is net obvio~s at this time.

‘lIle la~i: GL-OUpconsiders U]>Li@l 1; a-c, bY i&Seii, Z;l be “Lii”liiCiC~LL’Uj.2 C-AL

tliiS time. hen with the actions and restrictj.ons indicated, exposures

would be too hi~h to provide an acceptable mar~,in within tl)e criteri~. ~~:,

is especially true for children born at about the time of rehabitation.

Importation of food from the southern part of the atoll or oti]er sources is

believed to represent an impractical solution to the problem of excessive

internal exposure. Use of a layer of clean

is not known to be effective , wo(~ld be hard

a= experiment involving the Lnjebi people.

soil in areas for food production

to regulate, and would cor,stitt::.c

In addition, use of clean soil.

for subsistence crops may have little affect on levels of radioactivit:~ in

domestic animals and coconut crabs , which range over the entire island.

Since Option IV a-c is expected to result

slightly above the radiation criteria, further

in population doses near or

dose reduction nay possibly

be achieved by:



d. Removal of 15 cm of soil in the subsistence a@cultural area of JAZT.

c. Removal of 15 cm of soil in the c~.ercial agricultural area of JAltZT.

137CG
These actions result in a theoretical reduction factor of 3 to 4 for .

and 90 Sr in the rcznainin~ to~ cm lm]er of soil - or have rou@ly the s~a
‘

theoretical effect as waiting sixty years for radioacti-~e decay to take place.

Whether food crops would show a sinilar reduction is uncertain. This action

would possibly result in an ultimate findin~ that’ doses would be below the

criteria but above that expected for people living on the soutllc.rn islands .

Most significaxitly, hw}?ever, inplencntation of Option IV a-e would renove

a minir.lum of 15 cm of soil from essentially the entire island of JA!!!lT. Since

the top soil on t5at island is charitably described as neater, such actic~

would leave JN;LT a sand islsnd. Heroic actions would be rcqudred to eicli~~

reconstitute the rem,ainin~ soil throu~h use of fcrtiljZerS ~ftd other

additives, or ir.port top soil sufficic~lt .to support subsistence and cor~mrcial

agriculture. Vith any of these actions a period of tine would be requir:.~,

possibly as long as 8-10 years, or until. test plantings of coconut, pandznus,

and breadfruit are grown and analyzed for their radioactivity cuncerit, befc~re

a decision could be made to settle people on J.ViLT. An additional

8-10 years would be required after a decision to plant subsistence

period of

and

commercial crops .in quantity before the island could support its inna5~tsr&cs .,.

&t_ion V

a. All of Opticms I’J a-e, plus:

b. Removal of a minimum of 10 cm of soil fron PIMRL.

c. Removal of a minimum of 47 cm of soil from ALICll, 14 cn fron 5ELLL,

and 10 cm from CLARA.
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~ d. If pandar:us and breadfruit are to be grolm on northern islands other

than JXIET, the criteria of Option IV c should apply, i.e., plant in

90
soil having a Sr content of 4.6 pCi/gm or less, or bring clean SOil

to the island with a depth sufficient to contain the roots of these

trees.

If these actions achieved a level of exposure reduction as large as the

calculational result, this would permit use of the entire atoll accordin~ to

the Ilaster Plan. This option is clearly much more expensive than other

1 soil and requires recon-options since it requires removal of additiona.

stitution of soil in the cleared areas. Consideration of these actions as
.,

a viable option is clouded by uncertainties re~arciin~ the exposure reduction

that can be achieved through ‘Ilartial soil removal and by selective soil

replacement.

presented in Table 11.

RECO::W:DATICX;S—-—-—

After careful review of all zvaila31e radiolo~ical data the Task Croup

members ‘ specific recommendations are as follows:

1. The people of I%ewetak Atoll may be safety returned to their honc-

land provided certain actions arc taken and precautions 05servea.

2. In the interest of acl~ieving a mininum practicable dose for the

Enewetak people the Task Group recommends that:

a. The first villa~cs and residences be constructed on IXJER, FRED,

DAVID, or 0:1 any of the southern islands (ALVI;PIZITI1) that ttte

Enewetak people choose.

. .. . . {



b.

c.

d.

e.

f.

~“

h.

3. It

Growth of all subsistence crops such as pandanus, breadfruit,

tacca, pigs, chickens, and all other terrestrial food stuffs

except coconut be limited to islands ALVI1&lUXTII.

Subsistence and commercial coconut may be grown on any island in

in the atoll without any remedial measures except ALICE, BIZLZ,

Cti, DAISY, IR13{E, JAIZT, and YVO;WIZ.

Fishing be permitted an~~here.

Travel be unrestricted to all islands except YVO:il;E. L’lwn the PU

contamination on YVCX:?Z iS renovec?, the restriction of travel to

that island c.an.be lifted.

Wild birds and bird’s eLgs be collected anywhere.

Coconut crabs be coil.ectcd only on the soutl~cm islani.s.

Wells which are intende(l to nrovit?c lens water for ?lunari consmpt-; .-.’

or for agricultural use be drilled only ox~ the southern islands.

When drilled, water from each %TC1l should be checked for b::cteriz,

salinity, and radioactivity coriter,t before tile -well is apprcwcd

for use.

is recognized that the people of Cnjebi have a strong desire to

return to live on that island. The island contains three ground zero

locations ‘from nuclear tests and was within abo~t three tiles of ti~c

Mike event that had a total yield of about 1!) ltegatons. Enjebi

was the nest heavily contaminated of the larger islands in the atoll.

The Tasl: Croup has been unable to determine any way in which radiaticv

exposures can be brought within the acceptable criteria, that is both

reliable and feasible, in order to resettle Enjebi at the sane tine as

islands in the south of the atoll. It is reasonable to expect that

(:: ;;:;

“,
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4.

5.

6.

one day the island can he resettled. There appear to be two

possible approaches:

a. Soil removal followed by studies with test plantings to deteruine

whether exposure for lhjebi residents would be k’ithin acceptable

criteria. o

b. Conduct of studies usin~ test plantings to determine when e:.~osures

would be within acceptable criteria but no soil renoved.

In either case, housin~ construction and plantin~ of subsistence and

commercial,crops would be deferred until research with test plantin~s

showed acceptably low levels of radioactivity. ‘he Task Group

recommends the second approach as one havins xnininal adverse irpact

on the island environment.

fooci crops

produced on PEARL, CLARA, ALICE. and BELLS. YVO::l:E

be incladed after removal of plutoniun contaminated

Ali radioactive scrap netal and cont~~inatcd debris

should also

soil .

identified dur:nr.

the Holmes and Narver Engineering Survey should be removed. If

additional contaminated debris is discovered in the course of cleanup

and rehabilitation operations, it too should he removed. Spi?cificzlly

included in this recommendation are the three locations cm S2ALY and

one on HMER where contaminated debris is known to be buried. This

debris should be exhumed and removed.

The quarantine of YVOXW shodld be continued in effect until the

plutonium contamination on that island is reduced to acceptable levels

Should my Enewetak people return to the atoli before cleanup is

Y 1s. -
\

.
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begun or before completion, an authority respoii~ible for enforcer.ent

of the quarantine should be identified snd should be in residence

in the atoll when people return.

7. The distribution of plutonim col;taminatioi: on YVOl;Z’ is sufficiently

complex that specific recommendations for cleanup cannot bc presc.need.

It is expected that the true picture of th~s contamination will u~folti

as the decontaniriation effort proceeds. i~rcsented are some of t?lc

requircrwnts and objectives that will establish a bacl:~round from vT?Iic3

plans can be nade for recovery of PIutoni~I ‘n ‘vO;]~;];*.,

a. Decontaninatio]l Gf YVO:WE is seen aS an iterative ;~rGces~~ n~nei?>

removal of soil, wnitorin~ of radio=cti’~ity levels, and re:lc”:al

of w7:2 soj.1. TIIis Nlounts to a se,ar cl) ior t.;15 hi:;:~cr plutm; E-!

lf2vci5 and recluctioz of Lilesc Lo the lci:~:,t llrac~i~~:~}ie v;iiuC .

b. A te a-.} of e~.pc rts should be .asscnb led r7110car. nake ~rld inter~- rc’ t

ficl.d radistio~ and radioactivity neaswmcnts, ad’,’ise on cle=~.:1~

actions, ,and provj de ncces,siary health physics SUppOI-t includi:lr

protection of workers, dccontai!linatiorl of worl;crs anJ e~ti!~~~~it$

and packa~ing mid handlix~~ of collected plutoni<un.

c. The objectives of the cleanup are two:

(1) ~ecovery of the pieces of plutoniun chat hav~ been observed.
//

on or near tb.e island surface. Sone contain

.L .,’
quantities of plutoni.un netal and are easily

,P .
‘/&; :’ T field survey iristrtments such as the FIDLT:R.

(2) Recovery of plutonitm contaminated soil. To

cenLratior:s are shwn in the survey pi-oiiltsa.mples .

. . >----
---

~.,



Living
Pattern*

A

B

c

D

E

F

I

Current Condition
(no corrective
actio3)

1.0

4.4

5.7

IL

14

31

II

Gravel Village
Area - Plow
Vlll.ege Island

1.0

4.4

4.4

8.9

13

.“24

111

Import
Pandenus and
Breadfruit

1.0

2.2

2.7

4.4

6.6

11.3 “

Iv
Impo~andanus,
Breadfruit,
Coconut, and
TaCCE

1.0

1.9

2.4

3*7

5.7

9.1

v
Impc=andenu:
Breadfruit
Coconut, T&cca,
ard Mat

1.0

1.3

1.8

1.9

3*3

3*5

—

*
Living Pattern Village Tsl.and .CqrjcultLy~ Visitaticz

* ~=-,~~y.— 1- .--— .-.-—. .—-—-:.- —.... .....-... A ..A&I -U-’&-L/ >ii’.”Lb
*V U; y------ ~.---

U.1. vk~.. i’LQA.i LUL.”.lLLA.

B F.RED/EIIIIZR/DAV15 .KATEthrough WILMA. Northern

c JANET KATE through KUMA Northern

“ “D JAN!31 JANET Northern

E J~~T ALICE through IRENE Northern

F BELLE BELLE Northern
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Living
Pattern-.

A

B

c

D

E

F

T~~” 2, 30 Year Integral. Bone Dose (Rem)

I

Current Condition
(~~t;m-;ective

3.8

35

37

80”.

135 “

220

II

Grsvel Village
Area . plow
village Island

3.8

35

35

78

134

v“213

III

Import
Pandanus and
Breadfruit

3.8

11.5

12

23

38

6~ ~~

TV v
Impor~andanus, Import Pandanus:
Breadfruit,
Coconut and
Tacca

Breadfruit,
Coconut., ?%cca
anti Meat

3.8

9.1

9.6

18

27

43

3.8

4.1

4.6

4.7

6.1

6.3
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Living
Pattern

A

B

c

D

E

F

TABLE 3. Maximum Annual lL-iol.e Body rose (Rem)

I II III Iv

Import Import
Current Condition Gravel Village Pandanus Pandanus,
(no correct ive Area - Plow and Breadfruit,

action) Village Island Breadfruit CoconutlTacca

o.039/oeo39* 0.039/0.039 o.039/c.039

0.234/0.236 0.125/0.128 0.091/O.i22

0.237/0.241 0.128/0.133 0.093/0.127

0.J4Q/O.J42 0.24J/O.2~2 0.146/0.187

0.749/0.761 0.350/0.367 0.246/0.328

1.56/1.55 -r 0.662/0.663 0.357/0.475

*Child/Ad’uit - both starting Jan. 1974.

v

Import Pandanas,
Breadfruit,
Coconut, Tacca,
and Neat

0.039/0.039

0.090/0.083

0.089/0.094

0.087/0.097

o.182/o.211

0.192/0.191
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TABLE 4. Maximum Annual Bone Marrow Dose (Rem)

1’ II III

Import
Pe.ndanus

and
Breadfruit

0.047/0.045

n

Import
pandanus,
Breadfruit,
Coconut,Tacca

0.047/0.045

v

Import Pand&nu:
Breadfruit,
Coconct, T~c~a:
and Meat

Gravel Village
Area - Plow

Current Condition
(no corrective
‘action)

o.047/o.045*

Living
Pattern

A

Village Island——

o.047/ooc45

0.097/0.0910.122/0.1300.148/0.1490.314/0.294B

0.0961’c.0960.121/0.135o.317/o.3coc ,

o.094/c.0940.293/0.294 o.168/o.2040.718/0.677D

0.184/0.2150.253/0.3?40.428/0.4371.(!6/0.989E

0.199/0.1930.415/0.516o.”(85/o.7742.08/1.92F

*Child/Adult - both starting Jan. 1974.

03’1
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TABLE5. ‘sr prof’f~e Sample Data on JANET

Depth to Reduce
Profile Sample Act. hY Factor
Number of 10

100

135

136

137

138

139

lb

141

142

143

144

145

147

901

(cm)

7

56

> 100

1:

9

12’-

66

12

60

> 100

76

18

25

25

Av . 42 cm

90Sr Act. in
Top 2 cm Top 15 cm

(pci/gin)

3&l

18

14

34

100

410

54

100

90

21

50

27

87

110

105.4

Mean 90 Sr concentration ffi tOD 15 cm samples:

JANET: 44 pCi/gm

Southern islands:

DAVD, ELMER, FRED: 0.41 pCi/gm

All ethers except

LEROY: 0.52 Pci/w

150

10

17

16

28

220

95

39

95

31 ,

46

26

200

185

82.7

90Sr Act.
Below 100 cm

Max. (pCi/gn)

11 (50 cm)

1.3 (100 cm)

3.6 (100 cm)

2.1 (130 cm)

1.3 (150 cm)

5.4 (150 cm)

4.8 (1.~5 cm)

4.8 (135 Cm)

46 {i2~ cm)

13 (loo cm)

2.4 (100 cm)

0.7 (100 cm)

0.6 (lb cm)

8.5 (4o cm)

‘Av.”

1 ,’

3.6

0.4

0.4

C*9

2.

2.5

~o.~

1;

1

O*:

O.j

.-

7-1* 3.0

*(No. 100 and No. ‘$Cl.
excluded)
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Profile ~o. —

3&l

18

17

34

100

410

54

100

9

21

27

‘.27

87

110

2-5—

16

iO

17

26

460

6

78

95

26

43

22

35

TfI’ole 6. ‘Sr Concentretlons (pC1/~r) In Profile SnmpleeTaken on JANEl!-

15- ’25- 35- 45. 55-
= 10-15 25—— J~5z~

75 21 12 12 11

7 8 5.5 5 5.2

l“{ 20 50

8.5 4.6 2.7 1.6 1.6

14 8 4.8 2;4 2.2

160 !50 28 34 26

1!3 17 14 15 10

M 8 5.4 5.2 5.2

120 UO 78

42 26 5ot 68 26

51 49 21 13 9

27 27 3.4 0.3 0.45

24 50 19 5.8 1..5

230 L@ 40 2.4 8.6

U.

3

6.4

0.85

2.6

9.3

15

4.6

14

25

6.8

0.3

0.35

8.2

1.3

5.3

0.78

3.2

0.9

10

3.2

12

21

6.8

0.3

0.55

1.3 1.5

5 . 3.8

0.68 0.28

?.1 :..4

1.0 0.8

3.5 2?.0

2.8 2.8

8.2 ‘[.2

3.7 LL

5.8 5.4

9.31 C.3

.0.4 C.4

.—

85-
=

1.3

5.3

7.8

0.9

0.23

1.7

3.0

5.6

1.1

4.0

0.43

0.26

.

95- 1o5- 11~-
105 115 125—— —

1.3 1.0 0.85

3.7

0.43 0.5 o.~

0.47 0.42 0.3

0.85 -,0.8 0.47

1;1 0.93 0.8

2.6 2.4 2.3

4.8 4.1 46

p*5

2.9 2.0 1.6

0.74 0.27 0.26

0.20 0.27 0.29

125-
=

0.4

0.3

3.8

1.8

22

1.5

0.33

0.3

155- 145-
145 155——

2.1 0.43

0.32 1.3

0.31 5.4

4.9 1.5

4.3 3.5

1.2 0.86

0.29 0.31

0.18 0.22

155-
165

0.35

0.31

1.2

3.5

,0.62

0.26

0.63.

165-
1’?5-

0.41

0.45

1.5

2.9

0.54

0.31

0.46

.

lv-
1E5—

0.25

0.45

2.7

0.67

O.J1

0.42

4

.?7.Cornoslt.e ‘l~5.9 90 58 4(I ?3.8 13.7 8.9 7.6 5.6 :’. a ;.1. 3.5 2.7 1.3 5.3 3.8 1.7 l.’i 0.95 0.94 0.8

‘.-//suL,$!s$,etlce
,r-l.lc,t] t,.]rf: .~i?eq
(.’ir~t [10-) [j(, 5’1.3 29.5 16.7 22.8 21. 11.5 10.H 8.2 3.3 4.4 4.5 4.4 1.4 1.3 3.5 4.9 1.5

.- .. —.- . ..—-. —. .-- —.-.. -- --- -—— -— -—- --— ——------ —.—-- .—.. - — ..-..,- ——



0-2—

IYoflle No.

100 * 210

135 * 5.7

?.3G* 6

137 xl.

1.’)8 22

139 110

140 * 43

141 * >0

14? 100

14.3* 6.1

144 14,

145 1.9

14: 3.5

901 5.1

—

2-5—

64

7.7

4.0

16

19

80

15

23

63

5

3.8

8

19

7

Table 7. 137Co Conccntrotlcns (p<l@) in Profile Sh~pleo Trken on JANIT.

._..__l -“5am\~l.cl’cp’.h (cm

lo- 15- 25- 35- 45- 55- 65- 77- 85- 95- 1o5- 115. 125- 135- 145- 155-
5-10 15 25 35 47 j> ~ ~ ~ 125 135 14595~15__— ~_ 165—.—— -——

23

2.8

6

11

21

50

4

2.1

42

5.2

14

9.7

18

8.5

;5.1 0.7

>.2 1.6

4.5 6.5

3.2 0.86

15 5.1

?0 13

13 2.3

9.35 0.?3

49 53

7 6.1

g 1.2

5.5 0.8

16 2.9

6.1 1.6

0.44

0.9

6.5

0.9

1.1

7

1.

0.15

26

(;

15

().7

2.6

0.32

0.44

0.66

2.7

0.25

0.63

1.9

1.1

0.12

1.5

5

3.1

0.6

0.85

0.45

0.27 0.22

0.14 0.29

1.3 0.85

0.21 0.23

0.23 0.37

0.5 0.63

1.5 1.5

0.085 0.002

0.72 0.45

4.7 2.9

3.1 1.6

0.24 0.17

0.4 0.6

0.027 0.037

0.78 “ l.!;

0.19 0.:,.9

0.16 0.:.9

0.45 O.!i

o.42 0. j6

0.066 0;072

0.23 0.:!4

0.1 0.:’1

1.3 1,0

o.ct3j 0.I)2A

0.32 0.:?8

0.082

0.47

0.015

0.19

0.3

0.58

0.071

0.27

0.37

1,0

0.026

0.12

0.072

0.19

0.008

0.15

0.27

0.35

0.029

0.35

0.93

0.77

0.026

0.11

0.039 0.026

0.03 0.01

0.063 0.03

6.36 0.23

0.21 0.19

0.06 0.15

0.29 0.18

0.64 0.5

0.023 0.021

0.017 0.022

0.1 0.058 0.037 0.01

0.035 0.1 0.09

0.18 0.35 1.7 0.55

0.73

0.08 0.24 0.25

0.17 0.15 0.34 0.39

0.57 0.78 0.4 0.38

0.017 0.023 0.02 0.04

0.018 0.04 0.017 0.009

0.01 0,0>

0.04 .0.08

0.42

0.53 0.52

0.6 0.6

0.009 0.01

0*C07 0.T08

— —-

Av. Com;osite4J.’2 25.0 1’5.5 Ill. 7.02 4.9 1.38 1.03 0.76 0.34 0. 5“; 0.27 0.27 0.17 0.14 0.?3 0.321 0.36 0.21 0.23 (’.?1

Av.Cl.lb:+lstence
l~rlcultulc 53.5 19.9 7.2 5.2 2.9 2.5 1.67 1.33 0.9”/ 0.:?3 0.,39 0.27 0.31 0. W

- .-. .. — - —..——.—. — —- . . .. -.---...—.——— -— —.——. ..—-— —.—



Depth
cm

0-15

15-30

30-45.

45-60

60-’75

75-90

90-105

.

Table 8. CoricentratCons of 90 Sr and
137

Cs in each 15 cm increment tielm
the surface fcr the “Average ?rcfile Eanples”

JPWT

go~r 137~~

90Sr cone. Ratio to 1
*V 137CS Cone

,Av~pCi/gm)
Ratio to 1

top 15 cm Ratio ipci/gin) “ top 15 cm Razic

67.7 1.0 1.0 19.6 1.0 1.0

20.2 0.30 3*3 6.26 0.3U. -:.22

10.2 0.15 6.7 3.63 0.164 6.09

6.36 0.094 10.6 1.11 0.055 18.1

3.96 0.059 17.1 0.464 0.023 43. j

2.82 0.042 24.0 0.277 0.014 72.6

2.34 0.035 28.9 0.249 0.0124 80.6

PEPRL

0-15 12.4 1.0 i.0

15-30 3.4 0.276 j.5

30-45 1.1 0.088 11.4

ALICJZ

0-15

15-30

30-45

45.&)

36

24.5

16.6

11.2

1.0 1.0

0.68

0.46

0.31 3.1:

BELLE

0-1.5 48 1.0 1.0

15-30 9*7 0,232 ~.~.

30-45 2.0 0.041 24.5

45-@ 0.4 0.CCL3 1~,2

CLAR4

0-15 26 1.0 1*CJ

15-30 6.5 ().25 4.@

30-45 1.6 0.065 16

45-60 0.42 0.016 5:

—



Tabel 9. Affect of soil removal on 30 year

90~r ~oqc soil
Soil Removal Action

(pci/grn)
~r~l~~

D.

D1 .

1)2.

(15 cm aver. ) —

Av. for JANET

Current condition 44

Subsistence
Agric. area 31

Remove 4.5 cm In . .
Residential area JL

~3q, .
Remove 15 cm in 9.4
Subsj.stence Agric.A.rea

Dsb .
Remove 30 cm 4.6

D3c .
Remove 45 cm 2.9

D3d .
Remove 60 cm 1.8

0

0

3 .2x103ms

1.’jx104ms

3.0X104

4. 5X104

6. 0xlo4

integral bone II!ose on JANET.

Bone Dose (Rem) Due To
Total Av. Est. 7

~eat ~~ ~~~ure ExternalPandanus Coconut
Breadfruit Tacca..—

55*5 6.8

39.1 4.8

39.1 4.8

5.8 0.7

3.7 0.4

2.3 0.3

——

13.2 75 kOpR/hr 4.0

9.3 53.2 28 3.3

52.8 2.8

2.7 16 2,2

1.3 : 7.8 2.1

0.8 4.9 2.0

,

0.5 3.1 2.0

Marine

0.84

0,84

0.84

0.84

0.84

0.84

0.84

TUI!AL

80

57

76.4

19.0

10.7

7.7

5.9



.

Table 10. Soil removal actions to reduce

~~7Cs concentrations in coyra

Mean current

.

137CS cone. in
Island soil (pCi/gm in
Comm. Mr. 15 cm semples)

Area

JANET 16 6.9x105 m2

OLIVE 7.65 1.1xlo5

PEPEIL 12.4 1. 5X105

Soil to be removed to
achieve:
10.4 pCi/gm 5.2 pCi/iyn

Thickness voluKe Thickness vo~,~m~

— 4 ~104 m3
6cm . 14 cm 9.7x104 ml

o 5 cm 0.55xlC4 m3

2 cm 0.30X104 10 cm 1.5X104

SALLY 3.0 - 0 0

TILDA 4*Z o 0-.

URSUIA 1.7 0 0

VERA 2.0 0 0

Food Gathering and Picnicing

ALICE 36 9.3X104

BELLE 48 18.6

CLARA

DAISY

IRENE

KNI’E

LUCY

MARY

NANCY

WILMA

26

11

3.2

13.1

11

9.9

12

1.3

1.9

5.6

7.4

9.8

5.6

8.4

m’ 47 cm

14

10

0

0

3 cm

o

0

2 Cr.1

o

~ ~104 ~3.

a 6x~04 m3.

0. 19X104

o. 22X104

o.17xlc4

74 ml

21 cm

17 cm

9 cm

o

12 cm

9 ccl

8 cm

11 cm

o

\



Table 11. Population Dose Estimates fcr Various Cleanup
and Rehahilitaticn O@ions on Enewetak A+.oll.

.

30 yr whole 30 p Integral Max annual whole Max annual dcse to
bone dose (Rem) body dose (Rem) (Ret

body dose (Rem)
red bone marrW

OPTION

1

I a : 1.0 ~ 3.8 5(o.039/o.039)* $(o.047/o.c45;:”

b
. .

?
II a

b

c“
I

1.0

~

d.

e

1
III a

‘b

c

d

d

e

v

.. 1
a

b

c

d

3.8

2.2 “ 11.5

5.6 23

3.6 13

1.6 11

(same as IV e)

0.039/0.039

0.125/0.128

o.047/o.@45

0.245/0.252 0.29j/O.294

0.16/ 0.16 0.17/ 0.1?

0.07/ O*O7 0.14/ 0.14

*(Child/Adult)



I

Ill

Eine

—
I

,:

*OC

r

.—

—



Feet

\’lirrrlbreak

Commercial Agriculture

Subsistence Agriculture

CommunityCenter

CommercialFacilities
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Appendix I

Enewetak Radiological Survey Report

Abstract

The AEC has conducted a survey of

the total radiological environment of Ene -

wetak Atoll in order to provide data for

judgments as to whether or not all or any

part of the Atoll can be safely reinhabited.

More than 4500 samples from all parts of

the marine, terrestrial, and atmospheric

components of the Atoll environment were

analyzed by instrumental and radiochemi -

cal methods. In addition, an aerial sur-

vey for gamma-radiation levels was con-

ducted over all land areas.

‘OSr, 137CS, 60Co, and 239Pu are the

predominant radioactive isotopes now

present, but their distribution is far from

uniform. Islands on the southern half of

the Atoll from ALVIN to KEITH have lev-

els of contamination comparable to or

less than those due to world-wide fallout

in the United States. On the northern

half, islands ALICE to IRENE are most

heavily contaminated, KATE to WILMA

are least contaminated, and JANET is at

an intermediate level.

These radiological data have been com-

bined with the best information currently

available on the expected diet of the Ene -

wetak people to estimate potential whole-

body and bone doses to the population for

six living patterns at 5-, 10-, 30-, and

70- yr intervals after return. Thirty-

year integral dose estimates for unmodi-

fied (i. e., current) conditions are shown

in Table A.

Table A. The 30 -yr integral dose for six living patterns, assuming unmodified condi-
tions.

30-year integral dose, rem
Unmodified conditions

External
L,iving Inhalation Bone, Terrestrial Marine Total
pattern Bone Lung Liver W.B. ~.B. Bone W. B. Bone ~B. . Bone

I 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

III 0.10 0.13 0.056 4.0 6.1 75 0.053 0.84 11 80
I ~, 0.47 ().59 0.24 10 21 210 0.053 0.84 31 Z20

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

VI 0.090 0.11 0.049 4.4 9.6 130 0.05? 0.84 14 135

Living
- Village island Agriculture Visitation

I FRED/ELMER /DAVID ALVIN through KEITH Southern islands

II FRED/ELMER /DAVID KATE through WI LillA I$orthern islands
plus LEROl-

111 JANET JANET Northern islands

IV BELLE BELLE Northern islands

L’ JANET KATE through WILMA
plus LEROY Northern islands

~TI J.4NET ALICE through IRENE Northern islands

I-1



The main contribution to the population rather than grow them locally, the ex -

dose comes through the terrestrial food

pathway, followed in decreasing order of

significance by the external gamma dose,

marine, and inhalation pathways. In the

terrestrial food pathway, the main con-

tribution to both whole-bed y and bone

dose is due to pandanus and breadfruit.

Percentage contributions to the 30-yr

integral dose for each of the terrestrial

food items for a population engaged in

agriculture on JANET are shown in

Table B.

Corrective actions to reduce popula-

tion doses will be most beneficial if they

petted 30-yr bone dose would be reduced

from 80 to 25 rem and the whole-body

dose from 11 to 6.5 rem. Similar results

would be obtained if uncontaminated soil

were imported to JANET for the estab-

lishment of these plants. Attempts to

obtain the same results by removal of

‘OSr - and 137Cs-contaminated soil from

JANET would require denuding of the

entire island because of the relatively

uniform distribution of these isotopes

over the land surface.

Significant reduction of the external

gamma dose may be achieved by placing

are directed at the primary contributors, a 2-in. layer of clean gravel in the vil -

i.e., pandanus and breadfruit in the diet Iage areas and by plowing the agricultural

and external gamma dose in the residence areas. On JANET, for example, use of

areas. Since neither pandanus nor bread- these procedures reduces the expected

fruit are now growing on the Atoll in suf- 30-yr external dose from 4.0 to 1.7 rem.

ficient amounts to provide a significant Thus, from Table A it is clear that a

dietary component, control of the location very broad range of population doses may

and manner in which they are reestab - be expected, depending on village island,

lished will have a direct influence on the agricultural island, and living pattern. It

population doses from these fruits. If is equally clear that substantial reduc -

their growth were limited to the southern tions of the higher doses can be achieved

islands, for example, and the population through relatively simple modification of

living on JANET were to import them the agricultural practices and of the soil.

Table B. Percentage of total 30-yr ter-
restrial food dose to a popula-
tion engaged in agriculture on
JANET.

Table C summarizes the reduction that

could be expected from these actions for

a population living on JANET.

The island of YVONNE presents a

9OSr dose 13’?Cs dose
unique hazard on Enewetak Atoll. Pure

to bone, to whole body,
Food 70 %

Domestic meat 17 26
Pandanus fruit 40 35
Breadfruit 34 29
Wild birds 0.005 0.003
Bird eggs 0.05 0.002
Arrowroot 2 0.3
Coconut meat 6 9,
Coconut milk 0.9 1

plutonium particles are present on or

close to the ground surface, randomly

scattered in “hot spots” over most of the

area from the tower to CACTUS crater.

Examination of these “hot spots” has

revealed the presence of occasional

milligram-size pieces of plutonium metal,

as well as smaller pieces which are phys-

ically indistinguishable in size from the



surrounding coral matrix. Given these

current conditions, it must be assumed

that pure plutonium particles of respira-

ble size are now also present on the sur-

face or may be present in the future as

weathering effects oxidize and break

down the larger particles. Lung dose

assessments for this area, therefore,

must be based on inhalation of pure plu-

tonium particles rather than those hav-

ing the average plutonium content of the

soil.

The pot ent ial health hazard via the

inhalation pathway is sufficiently great to

dictate two basic alternatives for reme-

dial action for this island: (1) Make the

entire island an exclusion area—off lim-

its to all people, or (2) conduct a cleanup

campaign which will eliminate the “hot-

spot” plutonium problem and remove

whatever amount of soil is necessary to

reduce the soil plutonium concentration

to a level comparable to other northern

islands. As an indication of the volumes

of soil involved, removal of a 10-cm

thick layer of topsoil in the area in which

“hot spots” have been detected involves

approximately 17,000 m3 of material.

Further removal of soil to reduce the

maximum plutonium contamination levels

to 50 pCi/g or less involves an additional

25,000 m3 of material.

Table C. 30-yr integral doses from all pathways compared to U. S. external back-
ground dose.

30-yr integral dose, rema

Unmodified soil case Modified soil caseb
Location W. B. Bone W. B. Bone

Enewetak Atoll living
pattern III (JANET-
current conditions) 11 80 8.9 78

Enewetak Atoll living
pattern 111(JANET-
pandanus and bread-
fruit imported) 6.5 25 4.2 23

Enewetak Atoll living
pattern III (JANET-
all agriculture con-
fined to southern
islands) 4.2 7.0 1.9 4..7

Enewetak Atoll living
pattern I (southern
islands) 1.0 3.8 1.0 3.8

U. S. background onlyc 3.0 3.0 3..0 3.0

aSum of all pathways for the Enewetak living patterns (i. e., external, inhalation,
marine, and terrestrial).

b.
Soil modified by placing 2 in. of clean gravel in the village area and plowing the

agricultural area.

cBased upon background of 100 mrem/yr at sea level.
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Appendix 11

Enewetak Radiological Survey Report

Summary of Findings Chapter

W. Nervik, Lawrence Livermore Laboratory, Livermore, California

INTRODUCTION

It has been the purpose of this survey

to gain a sufficient understanding of the

total radiological environment of Enewetak

Atoll to permit judgments as to whether

or not all or any part of the Atoll can

safely be reinhabited and, if so, what

preliminary steps toward cleanup should

be taken and what post-rehabilitation con-

straints must be imposed.

Enewetak Atoll has an extremely

broad range of radiological conditions in

a small land mass. To gain an under-

standing of the details of this range of

conditions, it has been necessary to obtain

and analyze a very large number of sam-

ples ‘from all components of the environ-

ment. To gain an equivalent understand-

ing of the implications of this range of

conditions for rehabilitation of the

Enewetak people, it has been necessary

to postulate population distributions, life

styles, and dietary habits - an endeavor

fraught with uncertainties under the best

of circumstances, but particularly so for

the current, rapidly changing Marshallese

culture.

This section is a summary of the data

obtained from the Survey, the postulates

used, and the population dose assessments

derived from data plus postulates. The

reader is cautioned against expecting or

using a “simple” description of the radio-

logical condition of Enewetak Atoll, be-

cause no single value of any component of

the radiological condition is applicable to

the entire Atoll without being misleading.

CURRENT RADIOLOGICAL CONDITION
OF THE ATOLL

External Gamma Radiation Levels

Three independent techniques were

used to measure external gamma radia-

tion levels on the Atoll:

● LiF and CaF2 thermoluminescent

dosimeters (TLDs) were exposed

for 3+ months on seven of the

northern islands.

● A measurement using a Baird-

Atomic survey instrument was

made at each soil-sampling loca-

tion on each island.

● An aerial survey with Nal detectors

was conducted over the entire

surface area of every island.

All three techniques yield results
60C0

which agree to within about 10TL.

and ’37 Cs contribute most of the total

external gamma radiation, with the

remainder due to small amounts of other

gamma emitters such as 125Sb, 155Eu,

and 241 Am. The amount of
60

Co rela-

tive to 137 Cs varies throughout the Atoll,

with a range of values from about 0.5 on

JANET to greater than 14 on JAIilES.

Average values for each isotope on each

island are given in Table 214. For ref-

erence, a map of the Atoll is shown in

Fig. 146.

Southern islands (SAM to KEITH) arc

characterized by low and more or less

uniformly distributed gamma-radiation

levels over the area of each island. As

exposure levels increase, exposure grad-

ients become severe, with beaches

H-1



Table 214. Summary of average exposure rates for islands in Enewetak Atoll.

Average exposure rate, pR/hr at 1 ma
Total 7

Island 137CS 60co (O-3 MeV) Rangeb

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET

KATE

LUCY

PERCY

MARY

NANCY

OLIVE

PEARL

RUBY

SALLY

TILDA

URSULA

VERA

WILMA

YVONNE

SAM

TOM

URIAH

VAN

42

61

20

6.8

2.8

14

25

11

6

2

5.5

. 6

6.5

12

2

3.5

4

3

2.8

1

5.6

<0.3 (0.20

<0.3 (0.18

<0.3 (0.06

<0.3 (0.08

ALVIN Ii. l.). (0.06)

BRUCE 0.4 (0.22)

CLYDE <0.3 (0.04)

DAVID N. D. (0.21)

REX <0.3 (0.28)

ELMER N.D.(0.19)

WALT <0.3 (0.08)

FRED N. D. (0.14)

GLENN 0.4 (0.33)

HENRY <().3 (0.14)

IRWINT <0.3 (0.08)

JAMES ~o.3 (0.05)

KEITH <0.3 (0.15)

LEROY 2.8

36

50

19

14.4

2.4

63

13

7

7

2

4

5

4.5

’45

12

3

1

~~.~

<0.6 (0.11

<0.6 (0.13

.<0.6 (0.43

<().6 (().2Lj

<0.6 (0.25)

0.8 (0.34)

<0.6 (0.11)

N. D. (0.10)

<0.6 (0.25)

N. D. (0.12)

<0.6 (0.10)

N. D. (0.12)

<0.6 (0.20)

<0.6 (0.20)

<0.6 (0.46)

2.8

<0.6 (0.49)

4.8

81

115

42

21.3

6

80

40

19

14

5

10

12

11

70

14

7

6

5

5

2

33
log

<().9

~o.sl

<0.9

<0.9

1.2

<0.9

~o.9

<1).$1

~o.09

<0.9

<0.9

<().9

<().9

<0.9

3.0

<0.9

7.6

4-170

5-200

5-1oo

5-140

5-8

3-560

2-150

3-22

1-20

2-11

2-12

1-50

1-15

1-400

1-42

3-110

2-11

1-7

1-6

1-3

1-750

0-1

0-1

0-1

0-1

0-1

0-1

0-1

0-5

0-1
()-~

o-1

0-1

0-1

0-1

0-1
()-5

o-~

3-8

‘Average dose rates given are derived from aerial survey data. on islands where art)vltY
levels are at the lower limit of sensitivity of the aerial survey equipment, dose rates derived
from the soil sample data are given in parentheses.

bAs measured with the 13a]rd-AttJmlc Instrument.
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expected back- Radioactivity Levels in Enewetak
Soil

ground levels; the highest levels are

found in heavy vegetation at island centers Approximately 3000 samples of

or near ground zero sites. “Average” Enewetak soil were analyzed by germani -

values for islands with relatively high urn gamma-spectroscopic (Ge Li) and

dose levels include a broad range of values wet-chemistry techniques to determine

for specific areas and should therefore be the distribution of radioactive species on

used with caution. islands in the Atoll. Samples were taken
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on every island, but emphasis was given

to – and proportionately larger numbers

of samples taken on — those islands which

were known to have been sites for nuclear

testing activity or to have been subjected

to large amounts of fallout from such

act ivit y.

Two types of soil samples were taken

on each island: “surface” and “profile. ”

At “ surface” sampling locations, two

samples were taken – one a 30-cm2 X 15-

cm-deep core, and the second a composite

of two 30-cm2 X 5-cm-deep cores. At

“profile” sampling locations, 100-cm2

samples were taken from the side wall

of a trench dug for the purpose. Nominal

depth increments for the profile samples

were O to 2, 2to 5, 5to 10, 10 to 15, 15

to 25, and 25 to 35 cm, and at 10-cm

increments to total depth. Total depth

for profile samples varied from 35 to

185 cm, depending on the distribution ex-

pected from the testing history of the

island being sampled.

In general, the predominant species

found in the soil samples are ‘OSr, 137CS,
239 PU, and 60Co. 40K, 55Fe, 10IRh,

102mRh, 125Sb, 133Ba, 134CS, 152Eu,
154~ 155EU 207Bi 226Ra 235U

238
Pu: and 2~1 ‘ ‘ ‘”Am are also present m

some or all of the samples. As was the

case for external gamma levels, small

amounts of radioactive species on the

southern islands (SAM to KEITH) are

distributed more or less uniformly over

the entire land area. On islands where

larger amounts of activity are present,

the highest levels of all species are found

at the island centers or in proximity to

ground-zero sites, usually related in a

direct way to the vegetation density in the

immediate area. As an example of the

kind of data obtained for each of the pre-

dominant isotopes on each of the islands,
90

Sr values for 0-15 cm core samples on

JANET are plotted in Fig. 147.

Table 215 presents geometric mean

values and ranges for the four predominant

radionuclides on islands from ALICE

through WILMA. On islands where there

are significant differences in activity

levels between densely and sparsely

vegetated areas, data for both are given.

Similar data for groups of southern islands

are shown in Table 216.

“Profile” samples showed a wide range

of activity distributions as a function of

depth on different parts of the Atoll. Ex-

amples of the types found are given in

Figs. 148-151. Although generalizations

in this area are not very meaningful,

Fig. 148 shows the profile distribution

normally found on the southern islands.

Here the activity levels are usually low

through the full range of depths sampled.

Some sampling locations show concentra-

tions decreasing somewhat from the sur-

face through the first 10 or 20 cm of soil.

Figure 149 shows the type of distribution

often found inland on islands subjected

to fallout but not to construction or other

ground-zero earthmoving activities – i. e.,

a rapid and fairly steady decrease of

activity levels from the surface to total

depth. Figure 150 shows the distribution

found on beaches and exposed areas on

these same islands – i. e., uniform or

slowly decreasing activity levels from

the surface to total depth. Figure 151

shows a distribution pattern found occasion-

ally on islands which have been the sites

for tests or have been subjected to con-

struction and earthmoving activities

(primarily IRENE, JANET, PEARL,
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Table 215. Enewetak soil data, “northern islands” (pCi~g in top 15 cm).

‘OSr
137c~ 239ti

60co
Mean Range Mean Range Mean Range Mean Range

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET

KATE

LUCY

MARY

NANCY

PERCY

OLIVE

PEARL

80

Dense 123

Sparse 44

65

Dense 190

Sparse 32

46

30

44

Dense 67

Sparse 11

32

29

36

13

Dense 22

Sparse 4.5

Hot spot 62

Remainder 17

RUBY 12

SALLY 8.4

TILDA Dense 27

Sparse 8.7

URSULA 6.8

VERA 6.3

WILMA 3.3

Southern
YVONNE 1.7

Northern
Beaches 6.4

14-430 36

14-670 48

35-130 8.6

13-310 26

100-380 11

16-120 3.8

30-220 4.2

5.9-570 3.2

1.6-630 16

37-200 24

1.6-49 4.8

10-83 11

11-140 9.9

16-110 12

3.6-73 0.94

4.6-70 8.5

2.0-11 0.16

35-140 19

3.2-61 7.6

7.1-63 1.4

0.87-140 3.0

17-54 8.4

2.2-47 1.0

2.0-19 1.7

1.1-68 2.0

0.26-13 1.3

0.09-20 0.40

1.2-30 0.30

5.6-141 12

14-170 26

3.3-44 11

5.6-110 22

3.4-33 41

0.86- 9.0 15

2.7-6.4 18

0.22-41 11

0.57-180 8.5

18-37 17

1.8-16 2.3

2.2-25 7.7

5.6-26 8.0

6.0-28 9.1

0.12-17 3.5

3.5-28 7.7

0.07-11 2.8

7.4-55 51

1.2-34 11

0.71- 7.2 7.3

0.03-30 4.3

3.5-20 7.6

0.04- 5.3 2.5

0.13- 7.8 1.3

0.03-12 2,5

0.31-7.2 1.1

0.02- 3.6 3.2

0.03- 9.0 2.7

-.
3.9-68 5.Y

7.2-130 10

5.8-26 4.6

3.5-88 6.4

22-98 11

3.8-33 0.85

13-24 0.43

2.4-280 5.4

0.08-170 1.9

8.6-50 2.7

0.17-14 0.46

2.4-22 1.5

2.0-35 1.5

2.3-28 1.6

1.5-23 0.47

2.2-30 1.5

1.9-4.1 0.11

15-5$0 12

0.85-100 4.1

3.0-24 0.93

0.21-130 0.54

1.4-17 1.2

1,1-34 0.37

0.26- 7.3 0.31

0.60-25 0.30

0.1-5.3 0.12

0.02-50 0.64

0.34-18 0.13

1.4-33

3.1-30

2.4-9.6

0,91-20

6.4-26

0.37- 7.4

0.33-0.63

0.12 -52’0

0.02-33

1.6-5.8

0.03- 3.5

0.26- 3.8

0.74-4.8

0.56- 5.3

0.08- 2.9

0.65-4.1

0.05-0.31

3.6-70

0.49-49

0.29-16

0.05-69

0.61- 1.9

0.21- 1.7

0.05- 1.7

0.02- 2.2

0.01-0.7

0.01-20

0.03- 1.6

YVONNE - Because of the comDlex distribution M activities on Northern YVONNE no
single mean value for an isotope can be used for the island as a whole with-
out being misleading. Readers should consult the YVONNE discussion in
this section and the detailed data in Appendix II for information pertinent to
their interests.

SALLY, and YVONNE). In these locations, bution” can be formulated which is

activity levels below ground level are applicable to the Atoll as a whole.

significantly higher than at the surface. The land area which has the most

Because of the observed variety of profile severely nonuniform distribut~on of

distributions, no “average vertical distri- radioactive species on the Atoll is that
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Table 216. Enewetak soil data, southern islands (pCi/g in top 15 cm).

‘OSr
137CS 239fi 60C0

Mean Rang e Mean Range Mean Range Mean Range

Group A
(DAVID,
ELMER,
FRED) 0.41 0.02-4.8 0.21 0.01- 2.1 0.04 0.004-0.31 0.03 0.01-0.15

Group B
(All others
except
LEROY)a 0.52 0.03- 3.9 0.14 0.004- 1.8 0.07 0.004- 1.1 0.06 0.007-63

Group C
(LEROY) 11 1,6-34 3.2 0.5-10 0.63 0.02- 2.0 0.58 0.04- 5.0

aSAM, TOM, URIAH, VAN, ALVIN, BRUCE, CLYDE, REX, WALT, GLENN,
HENRY, IRWIN, JAMES and KEITH.

part of YVONNE which lies north of the

tower (Stao 1310). This area includes

the highest external gamma levels found

on the Atoll, with levels of 500-750 vR/hr

found over a five-acre site just south of

the CACTUS crater. In addition, pieces

of plutonium metal weighing as much as

several milligrams are randomly

scattered on or near the ground surface

over most of the area from CACTUS

crater to a line drawn across the island,

about 60 m north of the tower. Construc-

tion and earthmoving activities during the

testing period, for which we have no

reliable record, served to redistribute the

radioactivity in such a way that it is

essentially impossible to get an accurate,

detailed, three-dimensional survey of

radioactive spec ies present in this area

now. Four hundred meters north of the

tower, for about 100 m along the ocean-

side embankment, for example, there is

a visible layer of dark soil roughly 20 cm

thick, 10 to 20 cm below the surface,

which contains high concentrations of

plutonium (3200 pCi/g in one sample).

In an effort to obtain a reasonable

estimate of the three-dimensional distri-

bution of radioactive material in this area,

45 profile locations (shown in Fig. 152)

were sampled to 150-cm depths. Plutoni-

um data for the profiles along the center

of the island, and across the island at the

position of the plutonium-bearing layer,

are shown in Figs. 153-156. Data from

all of the profile samples lead to the

following observations:

● There were no large plutonium

particles analyzed in any of these

samples since the maximum

specific activity found was ’800

pCi/g.

● Except for the area in the general

vicinity of the exposed plutonium

layer, there were few profile

sampling locations where plutonium

concentrations exceeded 100 pCi/g

at ~ depth. Of the four that did,

two had the high concentration in

the top 10 cm of soil. Profile

sampling locations where plutonium

concentrations greater than 100

II-7
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pCi/g were found at any depth are

enclosed in cross-hatched areas in

Fig. 152.

Thus it seems likely that soil bearing

high concentrations of plutonium – as

opposed to pieces of plutonium — is largely

limited to a band roughly 350 m wide

across the island, centered on the visible

plutonium soil layer. Within this band,

plutonium concentrations are greatest on

the ocean side, less on the lagoon side,

and least in the island center — a finding

consistent with historical data which in-

dicate that debris was bulldozed away

from the shot point toward both shore-

lines after the event which produced these

plutonium particles.

Except for this band across the island,

there is no evidence which indicates that

plutonium particles on or near the ground

surface in the larger area shown in

Fig. 152 are also found at any significant

depth below the surface. Because of the

discrete nature and random distribution

of these particles, of course, the only way

that their distribution could be further

established would be by analysis of very

large volumes of soil.

Radioactivity Levels in Enewetak
Xagoon

Approximately 858 samples taken from

the Enewetak lagoon environment were

analyzed by germanium gamma-

spectroscopic (GeLi) and wet-chemistry

techniques to determine the distribution

of radioactive species in the lagoon, in-

cluding 345 sediment and bottom cores,

Analysis of the sediment and core
40K

samples indicates the presence of ,

60 Co, 90Sr, 10IRh, 1°2mRh, 106Ru,

127Sb, 137CS, 152Eu, 154Eu> 155Eu,
207Bi 235U 238PU 239,240PU and

,
241 ‘ ‘ ‘

Am in some, but not necessarily al

of the samples. Each nuclide is non-

uniformly distributed over the lagoon

floor, with the highest levels generally

found in the northwest part of the lagoon,

2-3 km southeast of the islands ALICE

through IRENE; the next highest levels are

found in the area southwest of YVONNE;

and the lowest levels are found south of a

line extending across the lagoon from the

Southwest Passage to TOM. Figure 158,

for example, shows the distribution pat-

tern for ‘OSr. Similar figures have been

prepared for each of the predominant

species found.

Many of the radionuclides found in the

marine sediment and core samples were

not detected in the water sam~les, in-.,

eluding 102mRh, 106Ru, 125Sb, 152Eu,

and 235U. ln only 15 samples from the

northern part of the lagoon were 60 co,
155EU 207Bi and 241Am detected

.
137 ~s’and 23;,240

Pu were positively

identified in all samples. Table 217 gives

the mean surface water concentration of

137CS and 239’240 Pu in the four quadrants

of the lagoon, in the ocean close to the

east side of the lagoon, and for several

areas in other parts of the world for

comparative purposes.

In the plankton samples, the most

abundant isotopes observed were 90Sr

(av 0.86 pCi/g, wet wt) and
207Bi

\
● ✘

82 seawater and seawater filters, 21 algae, (0.83 pCi/g), followed in decreasing order

plankton, or coral, and 410 fish samples. of abundance by 60Co (0.68 pCi/g),

Figure 157 shows the major sampling 23g’240Pu (0.39 pCi/g), 155Eu (0.24

locations for this marine program. pCi/g), 241 Am (0.23 pCi/g), and 137CS
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Recovery of plutonium soil concentrations ~reater than 400 pCI/C
239,

d.

Pu at any depth these levels are found. The justification Ls that

plutoniun at some depth nay one day be at tile surface. Also,

of -
recovery/contaminated soil sufficient to red~ce surface

levels to a value well below 40 pCi/g
239,240PU0 ~le,

justification is to keep air concentrations of- resuspended pj.utaniua

to levels well within naticnal and international

standards. After soil removal, all areas should be r~summyed to

ensure no pieces or hot spots of plutonium remain.

e. The area observed to have pieces of plutonim and th:? h~:hest

soil concentrations is the interior arid sharcline of tl~e island

beginning at a line drawn frm: tl?e ocean reef to Llr,con 60 rmtczs

.-,-.-+1.. . .. . .. . .

8. ?lurorlim

on YVUL:;Z

expected that pieces of plutoniun metal will be fotind.

9. Test plantings of panda~us, breadfruit, coconut, and arrcwroot shcINld

be nade, as soon as growth can be assured, on e<~ch of tile islancis cm

which these plants are to bc grown. ts edible parts of tliese plants

90~r 137CS q39,~40pu and
become available, their concentration of , ,

any other significant radionuclides should be measured and con~ared ~:it~.

the i~adiological Survey predictions. These studies wiil

a determination. to be made of the earliest tine at which

food and commercial crops can be nade.

provide for

planting 0{

10. An underground lens water samplinfl and a~alysis program should bc

conducted in which samples are taken” over a per~.od of at least 12



.

calendar months. Bacterial content, salinity, and radionuclide content

should be measured, but priury erzphasis of the program should be

placed on development of an understanding of processes which are

operating - or which can be made to operate - to reduce the ecc)logicr.1

half-life of
90

Sr and
137

Cs below the radioactive half-life on the northc

islands, especially JANET.

11. An air samplin~ program should be conducted durin~ cleanup in

support of cleanup operations and to add to the body of available

information on radioactivity levels in air.

Base-line surveys of body burdens and urine content of
137

12. Cs and

90 Sr should be nade for the Enewetak people prior to return to ~aewcta::

Atoll. after t!lc first yea~ of residence, and as z;>propriz~e t,!ierc-

after. Resurveys of the environmental radiation and radioactil-ity

levels should be made starting in the first year cf retuzm ancl

repeated every other year. To be determined is the adequacy cf the die:

and the actual average daily dietary intake of radfozctivity for

various a~e groups for comparison with estimated levels and how

radj.oactivity levels in water, air, soil, plants? and animals are

changing with time. (Included should be collection of additional

~39
information on the c!lemical form zncl size distribution of ?U pzzti.<1”

in the air.) Information from such surveys will provide a continuin~ c::

of the radiolo~ical status of the people and the environment =.ni will

assure that the exposule criteria is not being approached or exceeded.

13. Considering that the method of disposal of plutonium cent.aninated soil

and scrap has not yet been dccidecl, that not enou~h inforioatior: is

available to deLcrmine whc.:her it is feasSble to remove pluccniun frcm

the sfiil to reduce the P:zotixit .. .-~ patczi::~ requiri~,: dj.s~osc~, LTAd ?.c:.

r-



wanting such problems to delay cleanup and rehabilitation of the

atoll, the Task Group recommnds the following:

a. At a rdnimum,’cleanup should accomplish the recovery of plutonium
b’

contaminated soil and scrap into storage on YVO!WII,

b. The YVOTW quarantine should remain in effect with access controlled

and all visitors monitored as for a radiation control

co If disposal is deferred for further study, such study

planned and conducted proaptly.

14. The cleanup phase of rehabitationr i.e., removal and disposal

contaminated scrap, debris, and soil, should be carefully

in a comprehensive final report from these conducting the

operation.

zone.

should be

of

03C
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Fig. 151. Activities of selected radionuclides as a function of soil depth.
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Fig. 153. Plutonium profile data, Locations 101-103, 105, 109, 114, 119, 124, and
129, YVONNE.
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g). Comparison of these data lagoon with mean residence half-times

with similar data obtained in 1964 indi - of 3.3 and 4.1 yr, respectively, while
207

cates that. in addition to physical decay, Bi appears to be decreasing at approxi -

60Co and 137 Cs are being lost from the mately its radioactive decay rate. 90Sr,

II-18
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129, YVONNE.

Depth –
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Surface 8 .
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Profile location number

Fig. 154. Plutonium profile

(0.07 pCi/g). Comparison of these data

with similar data obtained in 1964 indi-

cates that, in addition to physical decay,
60

CO and 137 Cs are being lost from the

data, Locations 132-142, YVONNE.

lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while
207

B1 appears to be decreasing at approxi-

mately its radioactive decay rate. ‘OSr,
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Fig. 155. Plutonium profile data, Locations 112-116, YVONNE.
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Fig. 156. Plutonium profile data, Locations 142-146, YVONNE.

239,240fi 155EU and 241Am \\,ere not
, , this survey ~~’ere chosen for one or more

reported in 1964. of the following reasons: (1) They are

Of the more than 700 species of fish at commonly eaten by the Nlarshallesc; (2)

Enewetak Atoll, the species selected for they are relatively abundant at most of the

II-1 9
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Sample types

. Sediment and cores

* Reef species

49Plankton

A Water

N

4

Southwest
Passage

Deep
Passage

Wide
Passage

Fig. 157. Enewetak marine program sampling locations.

collection sites; (3) they are representative detritus feeder), convict surgeon (a

of a feeding habit; or (4) there is previous grazing herbivore), goatfish (a bottom-

relevant radiometric information about feeding carnivore), and parrotfish (a coral

the species. The species of reef fishes eater). The tunas, jacks, and dolphins –

selected as being representative of feeding pelagic fish - and the snappers and

habits include the mullet (a plankton and groupers – benthic fish - which were also

11-20
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Fig. 158. Activity levels of
90

Sr deposited in the sediments of Enewetak Lagoon.

collected are carnivores of high order in

the food chain leading to man.

The number and kind of marine organ-

isms collected at near-shore sites at

Enewetak Atoll and at Kwajalein Atoll,

where “control” samples were taken, are

shown in Table 218. Similar information

for the carnivorous fish is given in

Table 219.

40K 55Fe and 60
, , Co were the pre-

dominant radioactive nuclides found in all

fish, althou .gh 65Zn, ‘OSr, 10IRh,
102mRh

,

108mAg, 125Sb,
137Cs 152EU 155Eu,

207Bi 239,240
, Pu, and’24’ ‘Am were also

present in some or all samples.

11-21

Table 217. Concentration of 137CS and
239pu in comparative, sur-

face water samples.

Concentration,
fCi/llter

Location
137c~ 239PU

Enewetak Lagoon

SE quadrant 226 9.1

NE quadrant 334 42.6

NW quadrant 57g 33.4

SW quadrant 332 21.6

Ocean, east of Enewetak Atoll 89 0.3

Lake Michigan (1971) 88 1.1

Humboldt Bay, Calif. (1973) 300

14TN180”W (1972) 143 0.44

12”N 170°E (1972) 170 0.35

Windscale vicinity (1969} 105,000

Mean surface, Atlantic
O-31T4 (1968) 0.7
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Table 218. Number of organisms
collected at Enewetak Atoll and Kwajalein Atoll near-

shore Sites, October to December 1972.

ore;lnlsm
0111(’r

Olh(’r
>(.{ )n\,,rl~,- ,\ppl.(~\

Conricl Parrot- re{<
Collection f,,~], Tr)cl.+cn.~

l<?(.31

fish
~.,l(.t)ml)(,r.%L)r.t!<s

Site \lu]lel ~oa~fish surgeon

~nev’etak ~foll G 4 G“ 114

11 - 50 ~ 10
GLEXS-lll:sRY

-*5 o - 10C 10/;
34 :j 1 1

- 50 9
LER~\-

!11

3
~

-20 - 30 9 7
FREI) o :>~

~ 112 4

1).AYIII o 25 - 50 !,;
1 3 10 0

-50 3 30
BELLE

z;
o [; o

12
0

~ 3
IRESE

<1:,,
1 @ -1 0

,,
.1AX l:T - 50 .> -40

3 107
~ 3 3

11 - 50 <,’]
TILI).+- URSULA -35 10:

0 3
10 3

10 -15 - 5>
yross E 41

-30 1 > 3

~,l,a]alein .41011
36 13 25 870

-100 -400 41 42
.4PProximate Total -220

aThe ~Llm~er gi~en ,~ the number of collections from J gl~~~n‘ll{’.
bpencil urchins.

cTop snails.
d.>P,n>lobster.

Table 219. Number of carni\~orous
fish collected from the Enewetak and Kwajalein off-

shore lagoon sites, October to December 1972.

Collection Yellow’fin
C)rPanism

Skiplack Mackerel Dolphin Snapper Grouper
~“lua Total

site tuna

2 S 8 8 ~o

2 p 3
Enewetak 2 6

~wajalein 3 1

~ 10 8 46
10 3 [;

Total 5

Figures 159-161 show the average con-

centrations of predominant radionuclides

found in convict surgeon samples taken

at each of the collection sites around the

lagoon. Similar data were obtained from

the mullet, goatfish, and parrotfish

jack collected in Enew!etak lagoon are55
shown in Fig. 162. In general,

Fe level:

in the largepelagic fish were higher than

levels found in other fish types, while

other nuclides w7ere present at levels

comparable to or lower than those found

in the reef fish.
samples.

Average radionuclide content of light
Of the samples collected at Kw’ajalein,

muscle, dark muscle, and liver of skip-
40K was present at normal background

II-22
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Fig. 159. Average c“ ‘“”’en’rat~: To

convict surgeon from Enewetak

Atoll, Octob~r to D’ecember, 1972. K value is the mean for all con-

vict surgeon samples,

Table 220. Comparison of
60co and 207 Bi in the viscera of convict surgeon collected

in 1964 and 1972.

60 2
CO in pCi/g, dry 0 ‘Bi in pCi,/g, dry

Fraction Fraction

Island 1964 1972 remaining 1964 1972 remaining

BELLE 120 16 0.13 8.0 2.0 0.25

JANET 8.3 0.96 0.12 1.2 0.2 0.17

GLENN 19 3.3 0.17 2.6 0.7 0.27

0.06 5.2 3.1 0.59
LEROY 56 3.4

YVONNE 64 5.2 0.08

Average 0,11 0.32
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.
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BELLE IRENE

Column legend

* 137c~ - entire fish

~ 155
Eu - eviscerated whole fish

~ 155
Eu - viscem

~ 207Bi
- viscera

~ 207Bi _ eviscem+ed whole fish

JANET URSULA YVONNE D/

A

FRED HENRY LE ‘f

Collection site

137C~ 155EU and 207
Fig. 160. Average , BI concentration in convict surgeon from

Enewetak Atoll, Octob~r to December, 1972. The 40K value is the mean for
all convict surgeon samples.

60C0 207Bi
levels (av 15 pCi/g). No , , 60Co and 207 Bi data for the two collection
or 155

Eu were observed, but 55Fe, 137CS, periods. The effective half-life of 2.7 yr
90

Sr, and 23’’240 Pu were found in some for 60 Co (radioactive decay half-life
207

or all of the samples, usually at levels 5.24 yr) and 5.1 yr for Bi (radioactive

comparable to the lower values found at decay half-life 30 yr) implies an effective

Enewetak. half-life in the ecosystem for both isotopes

As with the plankton, comparison of of about 5-6 yr.

data obtained from this survey with similar Of the marine invertebrates present at

data from samples taken in 1964 indicates Enewetak, tridacna clams, sea cucum -

that, for some nuclides at least, there are hers, spiny lobster, and top snails were

processes operating to reduce concentra- collected and analyzed. In the tridacna,

tions in the lagoon faster than is expected 60 Co was the most abundant radioisotope

from radioactive decay alone. Table 220, found, and it was present in higher

for example, presents a comparison of amounts in the kidney than in the viscera,

II-24
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Column legend

90
Sr - eviscerated whole fish

90
Sr - viscera

239 J240PU _ eviscem+ed Who[e fish
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Pu - viscem

ILA YVONNE DAVID FRED

Collection site

Average 90Sr and
239,240

Pu concentration in convict surgeon from Enewetak
Atoll, October to December, 1972. The 40K value is the mean for all con-
vict surgeon samples.

mantle, or muscle. Figures 163-165 Radioactivity Levels in Enewetak

present the average radionuclide concen -
Terrestrial Biota

trations of these tissues for the Enewetak The terrestrial biota survey had as Its

locations at which tridacna samples were objective the collection and analysis of all

taken. available terrestrial vegetation and

Radionuclide distributions for sea animal species which could be used as a

cu cu mbers, spiny lobsters, and top snails basis for estimating population doses

were similar to those found for the through dietary pathways. Not all veg L’-

tridacna, except that high concentrations table and animal components of the

were not observed in the kidney. Enewetakese diet are currently available’

11-25
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55
Fe - montle plus muscle

55Fe - viscera ~Mean 40 K concentration
60C0 - viscera

/

60co -

!3(
IN

mantle plus

//

muscle

collection site

——

Average
40K 55Fe and 60Co concentration in the viscera, mantle, and

muscle of T~idacna’ clams collected at Enewetak Atoll, October to
December, 1972. The 40K value is the mean of all Tridacna samples.

on the Atoll; of those that are, not all are The geographical

.... -J.. available on every island. specimen collection

distribution of

sites is shown in

.

.

“.i. YLs:..:
A total of 1103 specimens were col- Fig. 166 and the types of edible sample

lected in the field as part of the terrestrial collected on each island are listed in

biota survey, distributed as follows: Table 221.

Soils 42 ‘OSr and 137 Cs were observed in

Plants 208 essentially all of the plant, rat, and crab

Birds 116 samples and in many of the bird and egg

Eggs 217 samples. 55 Fe, 60 Co, and 23g’240Pu

Rats 249 were observed less frequently, and
Crabs 271 207Bi, 152

isotopes such as Eu, and
151

Total 1103 Sm were observed occasionally.

II-28
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Pu concentration in the viscera, mantle, ancl

muscle of Tridacna clams collected at Enewetak .Atoll, October to
December, 1972. The 40K value is the mean for a~l T“ridacna samples.
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Table 221. Terrestrial biota survey. Edible plants and edible animals sampled.

Island Coconut Coconut Pandanus Pandanus Tacca Bird Coconut

~ meat milk fruit leavesa corm Birds eggs crab Ratb

1. ALICE

2, BELLE

4. DAISY

9. IRENE

10, JANET

12. LUCY

14. MARY

15. NTANCY

16. OLIVE

17. PEARL

19. SALLY

20. TILDA

21. URSULA

22. VERA

24. YVONNE

29. VAN

30. ALVIN

31. BRUCE

32. CLYDE

33. DAVID

34. REX

35. ELMER

37. FRED

38. GLENN

39. HENRY

40. IRWIN

41. JAMES

42. KEITH

43. LEROY

x

x x

x x

x x x x

x x x x x

x

x x x

x x

x

x

x xx

x

x

x

x

x x

x

x x

x

x

x x
x x

x x

x x

x

x

x x

x x

x x x

x

x x x x x

x x x x

aParldanus leaves are not eaten but serve as indicators for pandanus fruit.
b

Rats are not eaten but serve as indicators for poultry and swine.

. .
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Fig. 166. Terrestrial biota program sampling locations.

For a given sample type, the radio- Fig. 167 and it is apparent that concen-

nuclide content generally corresponded trations are significantly higher on the

with levels of soil contamination found northern islands (islands 1-24) than on
90

on the Atoll. Data for Sr and 137CS in those on the southern part of the Atoll.

coconut meat versus island sampling Since the main vegetation components

location, for example, are plotted in in the human diet (coconut, pandanus,

II-31
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Fig. 168.

Concentmtion in indicator plant —
pCi/g, dry

!!3~cS in ~oconu~ meat and
tatistical correlation between

137cs in Messerchmidia and
Scaevola.

and breadfruit) are not growing now’ on

all of the northern islands, the ubiquitous

Messerschmidia and Scaevola were

sampled and analyzed extensively with the

intent that they be used as “indicator

species” for estimating doses from the

edible plants should they become avail-

able. The correspondence between
137

Cs activity in coconut meat and

Messerschmidia and!or Scaevola from the

same location is shown in Fig. 168.

To increase accuracy, dose estimates

to the human population through the

terrestrial vegetation pathway should be

based on the geographical distribution of

radionuclides. In order to do this, how-

ever, a correlation between nuclide

content of vegetation and nuclide content

of soil must be established. As an ex-

am~le of the correlations that have been-,-

developed, data for
137

Cs in

Messerschmidia and Scaevola vs 137CS

in soil are shown in Fig. 169.

Similarly, data obtained from rats –

the only mammals now found on the Atoll –

were found to correlate with the vegeta -

tion radionuclide levels. For example,
137correlations for Cs in rat muscle vs

Messerschmidia /Scaevola are shown in

Fig. 170, and for 9
0
Sr in rat bone vs

Messerschmidia lScaevola are shown in

Fig. 171.

Three classes of data obtained from

the terrestrial biota survey, therefore,

have been used to estimate potential

human doses through the terrestrial food

pathway:

● Data obtained from the edible

organisms where they were avail-

able.

● Data obtained from the correlation

between edible plants – indicator

11-32
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Fig. 169. St~tistical correlation between
13’Cs in soil.

137CS in Messerschmidia and Scaevola and

plants – soil and applied to the plant Radioactivity Levels in IZnewetak Air

component of the diet.

. Data obtained from the correlation

between rats – indicator plants —

soil and applied to the meat com-

ponent of the diet.
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A total of 32 samples of airborne

Enewetak particulate debris have been

analyzed to determine inhalation exposures

likely to be encountered by residents of
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Samples were taken using the

following three types of equipment:

●

●

●

Ultra High-Volume Air Sampler

(UHVS) – Used to sample large

volumes of air in short time inter-

vals. Typical samples were taken

at a rate of 2000 m3/hr for a con-

t inuous 24 -hr period.

Low-Volume Air Sampler (VCS) –

Used to sample for extended periods.

Typical samples were taken at a

rate between 8 and 20 m3/hr for a

continuous 7-day period.

Anderson Cascade Impactors (ACI)–

Used to obtain data on the particle-

size distribution of airborne radio-

activity. These samplers operated

at a throughput rate of 34 m3/hr,

sampled for 7- to 10-day periods,

and separated each sample into the

following particle-size ranges:

0.1-1.1, 1.1-2.0, 2.0-3.3, 3.3-7.0,

and >7 pm.

I I I I

A Messerschmidia
o Scoevola

Y=0.73X

mu

no

/“ 1 I I I—
0.1 1.0 10 100 1,00010,000

Concentration in indicator
plant — pCi/g, dry

Fig. 171. Statistical correlation between
13TCS in rat muscle and 137CS
in Messerschmidia and
Scaevola.

Air samples were taken on FRED,

DAVID, SALLY, JANET, and YYONNE,

which are islands that include the full

range of airborne activity levels likely to

be found on the Atoll.

A number of radionuclides were de-
7

tected in the surface air, including Be

(53 day), 40K (1.26 X 109 vr), 54Mn. .

(303 day), 95Zr (65 day),
-103

Ru (39.6

day), 106Ru (1.0 yr), 125Sb (2.7 yr),

137CS (30 yr), 144Ce (285 day), 239Pu

(2.4 X 104 yr), 238Pu (86 yr), and

241Am (458 yr). 7Be and 40K are

naturally occurring activities. 54Mn,

95Zr, 103Ru, 1°6Ru, 125Sb, and 144Ce

are intermediate-life activation and

fission products found in current world-

wide fallout, but present in Enewetak

soils in only very reduced quantities due

to radioactive decay in the long interval

since testing ended, Longer-life 137CS,
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Table 222. Comparison of radionuclides in surface air (fCi/m3) on Enewetak,

Livermore, California, and Balboa, Panama.

Remainder of Livermore, Balboa, Panama,
Enewetak Calif. , 90N 79°W,

Nuclide YVONNE Atoll 1972 1972-1973

7Be

54Mn

95Zr

103Ru

125Sb

106Ru

137CS

144Ce

239, 240W

238fi

24 lAm

<49-193

<0.6-2. 1

<o.4-o.4a

~ 5.5-5. 5a

< 0.27-0.27a

<0. 9-2.6

<0.49-0.82

<2. 5-3.7

<0. 03-2.6

<0.04-0.13

<o.3-o. 30a

<6-116

<0. 14-4.0

0. 03-0.3

~TDETb

NDET

<0. 2-1.6

<0. 04-2.5

<0. 22-1.9

<0.001 -O. 025

<0.0028-0.008

NDET

90-250

0. 005-0.4

0. 29-3.4

0.04-0.23

0. 14-2.9

0. 63-3.2

0. 24-3.1

0.01-0.05

0.001-0.005

NDET

43-143C

<0. 9-8.5

0.09- 1.7

0. 7-11.2

<0.001-0.030

<0.001-0.003

NDET

‘Detected only one sample.

bNot detected.
cOct. -Dec. 1972 range.

238Pu, 239Pu, and 241Am in air could be

from either local resuspension or from

worldwide fallout. A comparison of

activity levels at Enewetak with those ob-

served at Livermore, California, and

Balboa, Panama is shown in Table 222.

It appears that, with the exception of the

single sample on which 5.5 fCi/m3 of
103

Ru was observed, the only airborne

radionuclides present at levels consist-

ently higher than those at the other two

locations were the Pu-Am species on

17VONNE, a result not too surprising,

considering the known soil contamination

levels on that island.

Of the 32 air samples, four were

taken in October 1972 before typhoon

Olga struck, and the remainder were

taken between November 28 and December

19, 1972. Wind speeds were almost

always greater than 10 knots and often

greater than 20 knots at all sampling

locations. In addition, frequent light

rain showers served to keep the ground

surface damp. Table 223 presents

climatological data which have been pub-

lished for Enewetak and Kwajalein. It is

apparent that December represents a

fairly average month as far as total rain-

fall and rainfall frequency are concerned,

while average windspeeds are higher than

those observed most of the year.

Radioactive Scrap and Buried Debris

Holmes and Narver, Inc., as part of

the engineering survey they conducted
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Table 223. Climatological data for Kwajalein and Enewetak. a

Percentage of total time at each wind-speed interval
Jan Feb Mar ~ May June July ~ ~ ~ Nov Dec Av—— —

Wind speed, knotsb
o-3 1 1 10 1 1 6 10 16 9 3 1 4.2
4-1o 15 12 22 20 27 27 49 GO 59 63 42 20 34.7
11-21 68 80 70 75 69 70 44 29 24 28 53 70 56.7
22-33 15 7 7 532 1 1 1 0 2 9 4.4

=
>33 1000000 000000
Prevailing wind
direction and NE NE NE NE NE NE E/NE E NE NE NE NE --

frequencyb 86% 87~0 81’% 7?7, 67’70 64~0 36’% 3170 27% 3370 5570 74% ‘-
.. ”., each

Yr. of
Pre cipitationc Yr record.—
Av. amount, in. 1.02 1.84 1.86 1.28 4.57 3.37 6.45 6.81 6.24 9.09 6.30 2.63 51.46 30
Greatest amount, 1.9510.21 7.33 3.86 8.38 7.03 15.35 14.41 13.17 18.07 17.38 9.18 69.86 13
ig%
Least amount,in. 0.12 0.40 0,37 0.49 0.37 1.33 1.36 4.22 1.53 2.60 1.94 0.86 24.42 13
Mean number of
days, 0.01 in. or 11 10 13 13 16 16 21 ’21 20 21 21 16 198 10

. ..

aU. S. Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,
Vol. 1, Second Edition (1964), updated to Dec. 5, 1970.

b.Wmd data for Kwaialein.
cPrecipitation data for Enewetak.

for DNA, * estimated that there were

approximately 7200 yd3 of contaminated

metal and concrete present on Enewetak

Atoll in December 1972. AEC radiation

monitors accompanied the H&N crews in

order to identify the radioactive material.

Table 224 shows the distribution of this

debris on islands where this type of

survey was conducted: The amounts of

material listed should be taken only as

an approximate lower limit, particularly

on islands such as PEARL, where very

heavy underbrush prevented the survey

party from covering all parts of the

island. In addition, it is conceivable that

radioactive scrap material may be found

*.
Engineering Study for a Cleanup Plan,

Enewetak Atoll-Marshall Islands,
Holmes and Narver, Repts. HN-1348. I
and I-I N-1348.2(1973).

on the other northern islands (KATE,

LUCY, MARY, NANCY, OLIVE,

URSULA, VERA, and WILMA), even

though none of them contains ground-zero

sites, and neither the aerial radiological

survey nor the ground survey parties

detected this type of debris.

On the southern islands, there were

four locations where radioactive scrap

material was found:

● On the north end of ELMER (in the

“C” level area of Fig. B.37.l.b in

Appendix II) there are several

pieces of scrap iron with activity

levels above local background.

● In the central part of ELMER (the

large “ E“ level area of Fig.

B.39.l.b) a partially shielded 60co

source was found in a small storage

building.
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Table 224. Contaminated metal and concrete scrap on Enewetak Atoll.

Approximate scrap
Island quantities Remarks

ALICE 10 yd3 Background is up to 170 pR/hr. An M-boat
wreck on beach reads 8 mR/hr.

BELLE Small Background up to 250 MR/hr.
(< 10 yd3)

CLARA Small Background up to 100 #R/hr.
(< 10 yd3)

DAISY Small Background up to 140 pR/hr.
(~ 10 yd3)

EDNA None Sandbar

IRENE M~deratea Up to 1.2 mr/hr.

JANET 568 yd3 Activated scrap metal in all sizes can be
found in piles or individual pieces scattered
over the island at levels up to 8 mr/hr.

PEARL 317 yd3 Confined to SGZ area. Levels up to 5 mr/hr.

RUBY 196 yd3

SALLY 2106 yd3 Scrap-metal activity levels up to 0.12 mr/hr.
Al ha levels on concrete surfaces up to

1?10 dpm/50 cm2.

TILDA 1 yd3

YVONNE 4064 yd3 Activity levels up to 60 mr/hr.

Tot al 7262 yd3

aReference does not identify volume.

● In the south-central part of ELMER

(the small “E” level area of

Fig. B.39.l.b) there appears to be

scrap metal or other radioactive

debris on, or just below, the ground

surface in heavy underbrush.

● On the north-central shore of

GLENN (the “C” area of Fig.

B.48.l.b) there is a derelict barge

which is contaminated with detect-

able amounts of 207Bi.

Because of the extremely low ambient

radiation levels on the southern islands

and the sensitivity of the aerial survey

equipment, we can be reasonably con-

fident that we have found all material

above ground with activity levels greater

than a few microroentgens per hour. On

FRED, for example, the highest radiation

level found (the “D” area in Fig. B.46.1. b)

proved to be coming from barrels of fly

ash stored in a warehouse intended to be
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Table 225. Livin&! patterns describing the geographical locations for activities
involved in daily living.

Residence

Agriculture

w

Residence

Agriculture

-

Residence

Agriculture

m

Pattern I Pattern H

FRED, ELMER, or DAVID FRED, ELMER, or D.4VID

ALVIN through KEITH KATE through WILMA + LEROY

Entire Atoll Entire Atoll

Pattern HI Pattern IV

JANET BELLE

JANET BELLE

Entire Atoll Entire Atoll

Pattern V Pattern VI

JANET JANET

KATE through WILMA + LEROY ALICE through IRENE

Entire Atoll Entire Atoll

used for PACE drilling operations.

Similarly, the nearby “ C“ level area
60

proved to be a Co source stored in a

lead container in a locked building properly

labeled, but of which we were unaware be-

fore the survey started.

POPULATION DOSE ASSESSMENT

The total radiation dose to the

Enewetak people returning to Enewetak

Atoll is determined by the sum of the con-

tributions of each of the exposure path-

ways; i. e.,

Dose = D +D
inhalation external gamma

+13
marine food chain

+D
terrestrial food chain

The contribution of each pathway to the

total dose for an individual depends on

living patterns and diet. Six living pat-

terns, shown in Tables 225 and 226, have

been selected for the dose assessment on

the basis of statements made by the

Enewetak people as to how and where

they would like to live after they return.

Similarly, the diets shown in Table 227

have been selected on the basis of the

best current information on the dietary

habits of the Enewetak people, the curren

distribution of edible species on the Atoll

and growth periods before harvest for

edible species which will have to be

established after return. ln add it ion,

these assessments assume that the

Enewetak people will continue their cur-

rent practice of using catchment rain-

water for drinking and that underground

H-38



. *

Table 226a. Estimated time distribution (in percent) for men, women, children,
and infants, with emphasis on residence island. Pattern A.

Village area Beaches Interior Lagoon Other islands

Men 50 5 15 10 20

Women 60 10 10 0 20

Children 55 10 15 5 15

Infants 85 5 0 0 10

lens water, where available,

significant part of the diet.

D.
inhalation

239 ,24
OPu has been found

will not be a

to be the

only significant contributor to inhalation

doses on Enewetak Atoll. Airborne

radioactive species observed during the

survey, however, were identified as

originating almost entirely from world-

wide fallout or cosmic-ray activity. In

order to make a conservative estimate

of inhalation dosages, it has been

assumed that the returning population will

be exposed to air with an average dust

loading of 100 ug/m3, with the same
239,240 Pu content as the local soil, all

0.4 ~m in diameter and low in volubility.

Using these assumptions and 239’ 240Pu

concentrations obtained from the soil

samples, inhalation doses to bone, liver,

and lung for each of the six living patterns

have been estimated and are shown in

Tables 228-230.

The “unmodified” cases represent
239, 240PU con-calculations based on the

tent of the top 2 cm of soil, while the

“ modified” cases represent calculations

based on the average
239,240 Pu content

of the top 15 cm of soil. The latter

condition would obtain if the soils were

plowed or mixed during the replanting

operations.

D
external gamma

Using gamma levels obtained from

the aerial survey, estimates of the ex-

ternal gamma dose associated with each

of the living patterns have been calculated

(Table 231). In this table the “unmodified”

Table 226b. Estimated time distribution (in percent) for men, women, children,
and infants with emphasis on additional time spent on nonresidence

islands. Pattern B.

Men

Women

Children

Infants

Village area Beaches Interior Lagoon Other islands

40 5 20 10 25

50 5 15 5 25

50 5 15 10 20

70 5 5 0 20
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Table 227. Postulated diet for the returning adult Enewetak population for time of
return and for 10 yr after initial return.

Diet, &!/day

Food item At time of return, 10 yr after return

Fish 600 600

Domestic meat 60 100

Pandanus fruit o 200

Breadfruit o 150

Wild birds 100 20

Bird eggs 20 10

Arrowroot o 40

coconut 100 100

Coconut milk 100 300

Coconut crabs 25 25

Clams 25 25

Garden vegetables o“ o

Imports 200-1000 200-1000

1030 plus imports 1570 plus imports

Table 228. Cumulative reins to organs from
239,240 Pu via inhalation pathway, bone.

LIVING PFlllERN

1. MODIFIED

UNM!3DI F I ED

II. MODIFIED

UNIIOD IF I ED

III. MODIFIED

UNPIODIF IED

IV. MODIFIED

UNMODIFIED

V. MODIFIED

UNPF3DIF I ED

VI . MODIFIED

UNMODIFIED

PC I/G
IN SOIL

8.85

0.12

2.00

4.70

7.30

17. OB

15.00

77.00

7.30

17.60

9.5B

14.70

5 YRS

0.0000

0.0000

0.0001

0.0003

0.0004

el. flnlo

0. 00E19

0.0046

0.0004

0.0011

0.0E106

e.130D9

EXPOSED
10 YRs

0.0000

0.0001

0.0008

0.0020

0.0031

a.af371

0.t3063

0.0323

0.0031

EI.0L374

n.eln4R

e . EKw

30 YRS

0.0003

0.0007

0.0122

0.0287

0.0445

‘a. l@37

0.0915

0.4697

@.8445

a. lEi74

B.13579

0.085?

50 YRS

0.0009

0.0022

0.0360

0.0846

43.1314

~ . 3@~0

EI.270@

1.3860

@.1314

Q.~l~El

n.171El

C1.2E4E<
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Table 229. Cumulative reins to organs from
239,240 Pu via inhalation pathway, liver.

LIVINGP9TTEFN

I. tlD121FIEl?

LINMODIF I ED

II. MODIFIED

iINMonIFIED

IIT. MCIPIFIEP

UNMODIFIED

IV. MODIFIED

UNMODIFIED

V. MOI)IFIED

UNMCIDIFIED

VI . MODIFIED

UNMODIFIED

case represents the current conditions;

“village graveled” shows the effect of

placing a 5-cm gravel layer in the village

area; and “ plowed” indicates

the effect of thoroughly mixing the top

30 cm of soil in the specified area.

D
marine food chain

Doses via the marine and terrestrial

food chains were estimated using the

following differential equationto describe

the intake and retention by man:

dC rf
man . manC-l
dt n! cman man (3)

where

c = concentration of nuclide in
man

man, pCi/g

II-4 1

1=

f .
man

c=

M=

and

A=
man

food intake, gJday,

fraction ofnuclide ingested

reaching the organ of

reference,

concentration of nuclide in

food product, pCi/g, (i. e.,

fish, shellfish, coconut, land

crab, etc.),

mass of the organ of refer-

ence, (g),

effective elimination rate of
-1

nuclide from man, (day ).

(x =k.
biological

+x
radioactive )

man

The concentration C in the food products

is calculated assuming that the nuclide



Table 230. Cumulative reins to organs from
239,240

Pu via inhalation pathway, lung.

, ... ,.iiz
L, =~7EPh/

1. . t?~DIF!ED

IJ’IMEIDIF I En

II. flDPIFIEIl

UIIMODIFIEII

liI. IT3DIFIE13

lJtiMar,IFIED

IV. MODIFIED

UNM13DIFIED

V. MODIFIED

UNMODIFIED

VI. MODIFIED

UNMODIFIED

~, yp$=
.$

0. Oclm

0. 1313i31

o.izl1317

13.a134B

E!.13E163

0.0146

0.0123

0.0662

EI’.EM363

0.0151

0.0082

EI. E1126

disappears only by radioactive decay,

i. e., that no other processes are in

operation which reducethe nuclide avail-

ability in the food chain. Therefore

C = Coe-xrt, where Co is the concentra-

tion observed at the time of the survey

and hr is the radioactive decay constant.

The concentration in man at any timet

after initial consumption of the food is:

If C
c

man o
man ‘M(A k

man- r)

(
-Art -Amant

Xe -e ),pCi/g. (4)

The dose at any time t after initial con-

sumption is

30 YPS

@.aclo4

@.n13ag

0.0152

0.035?

0.0555

~. l~g~

E1. 11413

0.5852

0.0555

@.1338

0.0722

E1. 1117

50 YFS

F_I.0CiC16

@.@@16

@.@260

0.0611

lzl”.@949

13.221R

@. 195@

1.8810

8.0949

0.2288

EI.1235

a. 1911

70 YRs

0.00139

0.0022

~.0360

0. 0S46

0.1314

0.3@60

0.2700

1.3S68

0.1314

0.3168

0.1710

@.2646

I
t

Dose ( rem) = KE Cman dt
o

L
t I fman Co

= KE
A

o ‘man r~

(
-Xrt -Ammt

Xe -e )dt, (5)

where K is a conversion constant from

pCi/g to rem and equals 5.1 X 10-5
disintegrations. g. rem and ~ is the dis

pCi. MeV. day
integration energy of the nuclide in MeV,

including a factor for relative biological

effectiveness (RBE). The final dose is

then determined from the integration of

the equation, i. e.,
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KE I fman Co
Dose = ~ x k

man r)

[

-Art -A t
man1x1+-*’‘em”(6)

Table 232 lists the fman (FMAN),

A
radioactive ‘LR)’ ‘man ‘LMAN)’ and

disintegration energy (E) values for all

of the isotopes in the dose calculations.

Fish and marine organism data from

the survey have been found not to have any

statistically significant differences for

dose estimation purposes between samples

taken in different parts of the lagoon.

The radionuclide concentration, Co, used

in the marine food chain dose assessment,

therefore, is the average value for all

fish from the entire Atoll determined from

the survey and is listed in Tables 233 and

234 for each nuclide. The average values

for radionuclide concentrations listed in

the tables are in pCi per gram dry weight,

with data corrected to pCi per gram wet

Table 231. Estimated integral external free-air gamma doses.

Gamma dose. rad
Time interval, yr

Case Living pattern 5 10 30 70

I Village: FRED/ELMER/DAVID

Visits to ALVIN-KEITH

Time distribution: Table 137

Unmodified 0.14 0.28 0.83 1.92”

11 Village: FRED/ELMER/DAVID

Visits to ALICE-WTILMA

Time distribution: Table 137

Unmodified 0.38 0.68 1.59 2.97

3. Northern islands plowed (0.22) (0.41) (1.08) (2.26)

III Village: JANET

No visits to other islands

Time distribution: Table 137 with “other

islands” time spent in interior of JAI’JET

Unmodified 0.94 1.71 3.95 6.66

1. Village graveled (0.82) (1.49) (3.48) (5.96)

2. JANET plowed (0.36) (0.68) (1.70) (3.24)

IV Village: BELLE

Visits to ALICE-WILMA

Time distribution: Table 137

Unmodified 2.72 4.78 10.06 15.50

1. Village graveled (1.78) (3.14) (6.69)(10.53)

2. Plus BELLE plowed (0.83) (1.47) (3.26) (5.47)

3. Plus Northern islands plowed (0.68) (1.23) (2.77) (4.76)
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Table 231 (continued).

v Village: JANET

Visits to KATE-WILMA

Time distribution: Table 137

Unmodified

1. Village graveled

0.71 1,28 2.94 5.06

(0.59) (1.07) (2.48) (4.36)

2. Plus JANET plowed (0.36) (0.66) (1.59) (3.02)

3. Plus KATE-WIL~4 plowed (0.29) (0.54) (1.36) (2.71)

Gamma dose, rad

Time interval, yr

Case Living pattern 5 10 30 70

VI Village: JANTET

Visits to ALICE-IRENE

Time distribution: Table 137

Unmodified 1.15 2.03 4.39 7.13

1. Village graveled (1.02) (1.81) (3.93) (6.43)

2. Plus JANET plowed (0.80) (1.41) (3. o5) (5. o9)

3. Plus ALICE-IRENE plowed (0.43) (0.78) (1.85) (3.39)

VIa Village: JANET

Visits to ALICE-WILMA

Time distribution: Table 136

Unmodified O. 76 1.37 3. lQ 5.33

1. Village graveled (0.62) (1. 12) (2.58) (4.51)

2. Plus JANET plowed (0.41) (0.75) (1.77) (3.27)

3. Plus Northern islands plowed (0.30) (0.56) (1.40) (2.76)

VIb Village: JANET

Visits to ALVIN-KEITH

Time distribution: Table 136

Unmodified 0.60 1.10 2.60 4,60

1. Village gra~’eled (0.48} (0.8S) (2. 14) (3.90)

7-. Plus JANET plowed (0.25) (0.4S) (1. ?6) (?. 56)

Mean population dose

(Average of Cases I, 11, HI, Y, and ITI)

Unmodified 0.66 l.~o ~.~q 4,75

1. Village graveled (0.50) (1.07) (2.4(i) (4.33)

9-. Plus J.ANET plowed (0.41) (0.74) (1.75) (3. ?5)

3. Plus All Northern islands plowed (o.~n) (o.~q) (1.36) (~,70)

Sea level, 11.S. A.

(80 mrad/yr) Typical 0.40 0.:0 2,40 5. (i{)
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Table 232. The disintegration energy E and the radioactive half-life LR are listed for each
radionuclide. The effective biological half-time LMan and the fraction of
ingested isotope reaching the organ of reference FMan are listed for three
receptor organs, bone, liver, and whole body.
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Table 233. Average concentration, number of samples in the average, standard deviation, and
high and low of the range for all fish in the entire Enewetak Atoll.

NO. OF frVEF!RGE STRNDr2RD RFINGE PC IzGRRM WERQGE
NUCL IDE TIS5UE

LOGNORMRL
5FWIPLES PC I zGI?RM* DEV1flTI13N HIGH LOW PC 1,’GRRM** Mm 19N Pc Im?m’1

%’

.



Table 234. Radionuclide concentrations in fish (January 1972).

Concentration, pCiig dry weight
Nuclide Sample No. of Samples Average High Lowr

137CS All fisha 128 0.39 6.8 0.026

60co All fisha 128 2.0 38 0.041

90Sr All fisha 125 0.16 1.5 0.0010

90Sr Eviscerated 74 0.21 --- ---

whole fish

90Sr Fish muscle 51 0.075 --- ‘--
only

aAll fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscle was analyzed.

weight for use in the dose code by dividing

by 3.5, the average wet-to-dry ratio for

fish from the Atoll.

Integral doses calculated from the

marine survey data are listed in Table

235 for the whole body and bone for 5,

10, 30 and 70 yr. The major contribution

to the whole-body dose comes from
137CS

60
and Co, while the bone dose comes

from
90

Sr, as well as from
137

Cs and

60co. The third line of the table gives

the summation of the dose to each organ

from the three isotopes. The bottom entry

in the table lists the dose from all radio-

nuclides listed in the Table 235 footnote.

D
terrestrial food chain

Evaluation of the potential dose to the

returning population via the terrestrial

food chain has been structured on the

basis of the living patterns in Table 225.

The quantity of radionuclides ingested via

terrestrial foods was computed from the

measured and predicted concentration of

activities according to the expected daily

diets listed in Table 227. Except for

coconut and arrowroot, the daily intake

of the food items listed in this table refers

to g/day of fresh food. The g/day intakes

listed for coconut and arrowroot refer

to the dry weight intake of coconut meat

( copra) and processed arrowroot starch.

Inferred initial ingestion rates assuming

the diet at time of return are shown in

Table 236. This diet contains only foods

that are available on islands of the group

at the time of return, i. e., domestic

meat, birds, bird eggs, coconut crabs,

and, in the case of the southern islands,

coconut meat and coconut milk.

The 30- and 70-yr integral doses were

calculated assuming the 10-yr post-

return diet. In addition to the foods that

are available at the time of return, the

10-yr post-return diet includes pandanus

fruit, breadfruit, arrowroot, coconut

meat, and coconut milk for all islands.

The initial rates of ingestion for each

island group assuming the 10-yr post-

return diet are listed in Table 237. These

values are presented in two parts; the rates

of ingestion for the foods immediately

available are presented on the left side of

Table 237 under January 1, 1974, while

the rates of ingestion for the foods that

are to become available 8 yr after return

II-4 7
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Table 235. Integral doses for 5, 10, 30, and 70 yr from the marine food chain.

Integral dose, remb

5 yr 10 yr 30 yr 70 yr

Nuclide W. B. Bone W. B. Bone W’. B. Bone W’. B. Bone

137CS 0.0061 0.0061 0.012 0.012 0.030 0.030 0.049 0.049

60co 0.0078 0.0078 0.012 0.012 0.017 0.017 0.017 0.017

90Sr --- 0.13 --- 0.31 --- 0.77 -- 1.3

Sum 0.014 0.14 0.024 0.33 0.047 0.82 0.066 1.4

All
nuclidesc O. 016 0.14 0.028 0.34 0.053 0.84 0.089 1.6

aThe dose is based upon the average concentration for fish from the entire
Atoll and upon a dietary fish intake of 600 g/day. These doses apply to all
six living patterns.

bThe concentration data were corrected to January 1974, the earliest possible
return date to the Atoll; all integral doses are calculated for periods which
begin on January 1974.

cIsotopes included in the “All nuclides” calculation:

3H 60co 102Rh

14C 90Sr 113Cd

55Fe 106Ru 125Sb

are presented on the right side of

Table 237 under the 8-yr post-return date,

January 1, 1982. In essence, the foods

immediately available are assumed to

contribute to the diet beginning January 1,

1974, and the edible plants that are yet to

be established are assumed to contribute

to the diet beginning January 1, 1982.

Using these data, plus the integrated

dose per unit rate of ingestion to whole

body and bone shown in Table 238, the

integral 5- and 10-yr doses shown in

Table 239 have been calculated. The

5- and 10-yr dosa~es particularly relate

to the situation during the initial few

years follow ing return.

137CS
152EU 235U

133Ba 155EU 238PU

144Ce 207Bi 239PU

241Am

In computing the bone dose, the whole-

body dose from
137

Cs and the other non-

bone seekers has been added to the bone

dose from
90Sr and 239,240PU0 The

whole-body dose has been computed as the

sum of the whole-body dosages from the

non-bone seekers.

Similarly, integral 30- and 70-yr

doses have been calculated assuming the

10-yr post-return diet (Table 240).

Total Dose

The total 30-yr integral dose pre -

dieted for whole body and for bone for

the six living patterns are listed in

Table 241. This table includes the con-

tributions from each pathway and, for

II-4 8
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Table 2360 Rate of ingestionof radionuclides from terrestrial foods assuming diet
at time of return (Jan. 1, 1974).

Ingestion rate, pCi/day

Food item 3H 55Fe
60C0

‘OSr 137CS
239, 240fi

A. Island group ALICE-IRENE

Pork and chicken

Wild birds 984

Bird eggs 69

Total 1050

B. Island group BELLF

Pork and chick en

Total

C. Island group JANET

Pork and chicken

Wild birds 1800

Bird eggs 171

Total 1970

D. Island group KATE-WILMA, LEROY

Pork and chick en

Wild birds 1800

Bird eggs 113

Coconut crabs 0.480

Total 0.480 1900

E. Island group ALVIN-KEITH

Pork and chicken

Wild birds 1700

Bird eggs 131

Coconut 29.3 <23

Coconut milk 14.9 <11

Coconut crabs 2.91

Total 47.1 1850

6.21

<0.29

6.35

7.70

<0.39

7.89

7.70

<0.28

1.03

8.87

6.41

<0.35

<2.9

<1.42

4.23

13.7

185

1.21

0.45

187

302

302

108

0.29

0.97

109

47.4

0.29

0.02

1.96

49.7

6.18

0.37

0.02

3.35

0.17

2.58

12.7

3100

<2.4

<0.24

3100

6960

6960

2320

2.5

0.6

2320

858

2.50

<0.25

7.59

868

50.9

2.55

<0.35

68.7

0.143

0.0074

0.150

0.100

0.074

0.174

0.100

0.077

0.0035

0.180

0.704

0.003

~O. 259

3.44 <0.129

9.31 0.023

135 (). 99

II-49



Table 237. Rate of ingestion of radionuclides from terrestrial foods assuming 10-yr post-return diet.

— — -— ——. . —...
Ingestion rate, pCiJrtay

.January1, 1974 January 1, 1982

Food item 3[1
5:1 60C0 90 137C5 239, 240pu 3H 55Fe 6 Oco 90 137C5 239, 240w

Fe Sr Sr

A. Islanclgroup A1,I(’E-II{RNE
l)rjtncstic meat

Pandanus fruit

IIrr,a[ifruit

Wilrl birds

Ilir(l eggs

Arr<)wr,)[)t

(<or(lnut meat

(’wonut milk

Total

r]. island group 13111JI, E

Domestic meat

Pandanus fruit

flreadfruit

Arrowr[)ot

(’or{)nllt meat

(“()(onut milk

Total

(“. , Islan(l group ,fANfZT

f)nrnrstir meat

Pandanus fruit

13readfruit

Wild birds

Ilird eggs

Arrowroot

Coconut meat

coconut milk

Total

308 5170

] 97 1.24 0.242 <0.5 0.0286

34.5 <0. 14 0.226 <0.1 0.0037

231 1.31 308 5170 0.0323

504 11600

504 11600

180 3870

360 1.54 0.058 0, 50 0.020

85. 5 “0.19 0.482 0.29 0.037

445 1.64 181 3870 0.057

23.7 “664

35.6 <37

59.3 683

1.34

1.15

2.50

7.12

6.10

<2.54

14.5

941

807

47
<16.3 135

<8, 5 20

12.4 1950

<1.46 1540

<1.25 1320

77

221

33

1.35 3180

<1.25 550

<1.07 471

28

<1.85 79

<2.27 12

3.22 1140

8840

7570

71

2210

331

19000

19800

17000

159

4wio

743

42700

6610

5560

53

1650

248

14100

18.1
<1.7

19

<9.5

<8. 1

8.8

0.082

0.071

<1.31

0.81
.

.
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Table 237 (Continued).

lngestiOn rate, p~ijday

,January1, 1974 January 1, 1982

Po(xI ;tcm % 551w 60(.0 ‘OSr 137C5 239,240Pu 3H 55Fe 60c:o ~JOSr 137c~ z39, Z401,,,

D. Islaml grol]p KATI?-WI1, MA ~ LEROY

f)omestic meat 79

Pandanus fruit

13readfruit

Wild birds 360 1.54 0.058

Bird eggs 56 to. 14 0.01

Arrowrr)ot

COmmutmeat

Coconut milk

Coconut crabs 0.480 1.03 1.!36

Total 0.480 416 2.59 81

E. Island group AI, VIN-KEITH

Domestic meat 10.3

Pandanus fruit

Breadfruit

Wild birds 340 1.28 0.073

Bird eggs 65 co. 17 0.009

ArrowrOot Not available

CocOnutmeat 29.3 <23 <2.9 3.35

Coconut milk 44.6 <33 <4.2 0.50

Cocrmutcrabs 2.91 4.23 2.58

Total 76.8 433 9.17 16.8

1430

0.50 0.020
<0.12 0.039

7.59 0.003

1440 0.062

84.9

0.51 0.141

<0.17 0.002

68.7 <0.259

10.3 <0.386

9.3 0.023

174 0.488

3.94

3.38

19.0 204

28.5 <6.44

47. !5215

1.33

1.14

I

2.48

<13.8

<11.8

<1.05

<2.27

14.4

<0.65

<0.56

0.60

241

207

12

34.7

5.2

500

9.44

8.09

0.47

18.0

2480

2120

20

619

93

5330

85.4

73.2

0.68

15!7

0.316

0.271

<fI.64

<0.38

5.0

0.156

0.134

0.290



Table 238. Integrated dose per unit rate of ingestion to whole body and bone.

‘T’
rem/pCi/day

Period of integration

Nuclide (1-gan 2 yr 5 yr 10 yr 22 yr 30 yr 62 yr 70 yr

3H Whole body 4. 51(-8)a 1.05(-7) 1.85(-7) 3. 05(-7) 3.51(-7) 4.17(-7) 4.23(-7)

55Fe Whole body 7. 50(-8) 2.35(-7) 3.73(-7) 4. 29(-7) 4.32(-7) 4.32(-7) 4.32(-7)

60C0 Whole body 1.27(-5) 2.96(-5) 4.65(-5) 6.0!3(-5) 6.33(-5) 6.46(-5) 6.46(-5)

!1()
Sr Rone 2.87(-3) 1. 08(-2) 2.39(-2) 4.99(-2) 6. 33(-2) 9.70(-2) 1.02(-1)

137(,5 Whole body 3.4!-)(-5) 9.62(-5) 1.89(-4) 3.74(-4) 4.71(-4) 7.22(-4) 7.61(-4)

23!), 240pu

Bone 1.51(-6) !). 39(-6) 3.71(-5) 1.75(-4) 3. 19(-4) 1.27(-3) 1, 59(-3)

~ aT’he nurmber within parentheses denotes the power of 10. Thus, 4. 51(-8) is a contraction of 4.51 X 10-8 rem/pCi/day.
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Table 239. Prediction of the dosage frOm ingestion of terrestrial foods assuming diet at the time of return.

5-yr dose, rem 10-yr dose, rem
Isotope Whole body Bone Whole body Bone

A. Island group ALICE-IRENE

3H

55Fe 2. 5(-4)a

60
co 1.9(-4)

‘OSr

137CS
O. 298

239, 240~

Subtotal O. 298

Total 5-yr whole-body dose

Total 5-yr bone dose

B. Island group BELLE

55Fe

60co

‘OSr

137CS
0.669

239,240W

Subtotal 0.67

Total 5-yr whole-body dose

2.02

1.4(-6)

2.02

0.30 rem

2.32 rem

3.26

3.26

0.67 rem

2.7(-6)

4.4(-4)

4. 5(-4)

10.1

1.25

3.4(-5)

1.25 10.1

Total 10-yr whole-body dose 1.25 rem

Total 10-yr bone dose 11.3 rem

1.9(-7)

1.7(-5)

16.3

2.81

1.3(-5)

2.81 16.3

Total 10-yr whole-body dose 2.81 rem

Total 5-yr bone ,dose 3.93 rem Total 10-yr bone dose 19.2 rem



Table 239 (Continued).

S-yr dose, rem lo-yr dose, rem

Whole body Bone Whole body Bone
Isotope

c. island group .JANET

55Fe 4.6(-4)

60co 2. 3(-4)

90Sr 1.18

137c~ 0.223

239, 240PU 1.6(-6)

Subtotal O. 224 1.18

Total 5-yr whole-body dose O. 22 rem

Total 5-yr bone dose
1,40 rem

~
D. Island group KATE-WILMA + LEROY

&
& 3H 5.0(-8)

55Fe 4. 5(-4)

60co 2.6(-4)

90Sr O. 536

137CS 0.0B35

239, 240PU 1.7(-6)

Subtotal 0.0842 0.536

Total 5-yr whole-body dose
0.084 rem

Total 5-yr bone dose
0.620 rem

7.4(-4)

4, 1(-4)

5.88

0.831

7.6(-6)

0.932 5.88

Total 10-yr whole-body dose O. 93 rem

Total 10-yr bone dose
6.82 rem

2.2(-6)

7.3(-4)

6.0(-4)

2.62

0.350

1.4(-5)

0.351 2.62

Total 10-yr whole-body dose O. 351 rem

Total 10-yr bone dose
2.97 rem



.

Table 239 (Continued)

5-yr dose, rem 10-yr dose, rem
Isotope Whole body Bone Whole body Bone

E. island group ALVIN-KEITH

3H 4, 9(-6)

55Fe
4.4(-4)

60co 4. 1(-4)

90Sr ‘

137CS
0.0130

239, 240PU

Subtotal 0.0138

~ Total 5- yr whole -body dose

&
m

Total 5-yr bone dose

8.7(-6)

6.9(-4)

6. 5(-4)

0.137 0.355

0.0311

9. 3(-6) O. 0324 3.7(-5)

0.137 0.0324 0.303

0.014 rem Total 10-yr whole-body dose O. 032 rem

O. 151 rem Total 10-yr bone dose O. 387 rem

aThe number within parentheses denotes the power of 10. Thus, 2. 5(-4) is a contraction of 2.5 X 10-4.

—



Table 240. Prediction of the dosage from ingestion of terrestrial foods assuming 10-yr post-return diet.

Ingestion rate, Ingestion rate,~_O-yr dose, .Eqg 70 -yr d~se~<e.rnpCi/day 22-yr dose, rem 62-yr dose, rempCi/day
ls~)trlpe January 1, 1974 Whole body FlOnr Whule body 130ne January 1, 1984 Whole body Bone Whole body Bone

A. Island group

ALICE-IRENE

3H

55Fe
231

Goco
1.31

!)o
Sr 308

137(,s
5170

239, 240~
0.0323

Subtotal

Total 30-yr whole-body dose

Total 30-yr bcmc dose
❑

&
a H. Island group

F3EI,LE

55Fe

Goro

S)Osr
504

137(,s 11,600

23!1,240 r%

Subtotal

Total 30-yr whole-body dose

Total 30-yr bone dose

1.0(-4)a 1.0(-4)

8.3(-5) 8. 5(-5)

19.5

2.44 3.!33

1.0(-5)

2.44 19.5 3.93

9.55 rem

I21i rem

59.3 1.8(-5)

683 0.0003

12.4 0.0008

31.5 1950

19,000 7.11

5.1(-5) 19

31.5 7.11

Total 70-yr whole-body dmse

Total 70-yr bone dose

2. 5(-5)

0.0003

0.0008

97.3 190

13.7

0.003 0.024

97.3 13.7 190

17.7 rem

239 rem

2.50 1.1(-6) 1.1(-6)

1.35 8.2(-5) 8.7(-5)

31.9 51.4 3180 159 30!)

5.413 8.83 42,700 16.0 30.8

8.8 1. 5(-3)

5.46 31.9 8.83

1. 1(-2)

51.4 16.0 159 30.8 30!1

21.4 rem Total 70-yr whole-body dose 39.6 rem

212 rem Total 70-yr bone dose 400 rem

.



Table 240 (Continued).

Ingesti On rate, Ingestion rate,_30-yr dose. rem 70-yr dose. rem-pCi/day pCi/day 22-yr dose, rem 62-vr dose. rem—.

Isotope January 1, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone

c. Island group

.JANI?T

55Fe 445

(iOco 1.fi4

90Sr 181

137rq 3870

23(1,240 111 0.057

Subtotal

Total 30-yr whole-body dose

‘rutal 30-yr bone dose

❑

D. Island group
&
4 KATE-WI I>MA + LEROY

3H 0.480

55Fe 416

60co 2.59

90Sr 81.0

137<.9 1440

23{) ’240Pu 0.062

Subtotal

Total 30-yr whole-body dose

Total 30-vr bone dose

1.9(-4)

1.0(-4)

1.82

1.82

7.10 rem

75.4 rem

2(-7)

1.8(-4)

1.6(-4)

0.677

0.677

2.67 rem

32.7 rem

1.9(-4)

1. 1(-4)

11.4

2.95

1.8(-5)

11.4 2.!35

2.0(-7)

1.8(-4)

1.7(-4)

5.13

1.09

2. 0(-5)

5.13 1.09

14.5 6. 2(-6)

3.22 2. 0(-4)

18.4 1140

14, 100 5.28

9. 1(-5) 0.806

18.4 5.28

Total 70- yr whole-body dose

Tota170-yrb one dose

47.5 1. 5(-5)

215 9.2(-5)

14.4 8.8(-4)

8.26 500

5330 1.99

9. 8(-5) 4.96

8.26 1.99

Total 70-yr whole-body dose

Total 70-vr bone dose

6.2(-6)

2. 1(-4)

56.9 111

10.2

1.4(-4) la-3)
56.9 10.2 111

13.1 rem

142 rem

2. 0(-5)

9. 3(-5)

9.3(-4)

24.9 48.5

3.85

8.7(-4) 6. 3(-3)

24.9 3.85 48.5

4.94 rem

61.7 rem.



Table 240 (Continued).

Ingestion rate, Jngestion rate,
pC’i/day 30-yr dose. rem 70-yr dose, rem pCi/day 22-yr dose. rem

Isotope
_62-yr dose, rem

Jan[lar 1, 1974 Whole btxly 13vne Whole ho{iy 130ne January 1, 1984 Whole body Bone Whole body Bone

f2. Island grOup

ALVIN-KEITH

% 76.8 1. 3(-5) 3. 3(-5)

55ve
433 1,9(-4) 1.9(-4) 2.48 1. 1(-6) 1. 1(-6)

60
co 9.17 5, 8(-4) 5. 9(-4) 0.60 3.7(-5) 3.9(-5)

‘)OSr 16.8 1.07 1.72 18.0 0. 8!38 1.75

137CS 174 0.0819 0.132 159 0.0596 0.115

239, 2401,U 0.49 1.6(-4) 7.8(-4) “ O. 290 1. 8(-4) 1.3-3)

Subtotal O. 0826 1.07 0.133 1.72 0.0596 0.898 0.115 1.75

Total 30-yr whole-body dose O. 142 rem Total 70-yr whole-body dose 0.248 rem

❑ Total 30-yr bone dose 2.11 rem Total 70-yr bone dose 3.71 rem
,
&l
cm

aThe number within parentheses Clenotes the power of 10; thus, 1.0(-4) is a contraction of 1.0 X 10-4.



Table 241. The 30-yr integral dose for the six living patterns assuming unmodified conditions.

30-yr integral dose, rem

Unmodified conditions

Inhalation External Terrestrialb Marineb Total

Living Bone, a

pattern Bone Lung Liver W.B. W. B. Bone W. B. Bone W.13. Bone

I 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

111 0.10 0.13 0.056 4.0 7.1 75 0.053 0,84 11 80

Iv 0.47 0.59 0.25 10 21 210 0.053 0.84 31 220

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

H VI 0.090 0.11 0.049 4.4 9.6 130 0.053 0.84 14 135
‘7
W
w

Living pattern Village island Agriculture Visitation

I Enewetak-Parry ALVIN-KEITH Southern Is.

II Enewetak-Parry KATE-WILMA + LEROY Northern Is.

111 JANET JANET Northern Is.

IV BELLE BELLE Northern Is.

v JANET KATE-WILMA + LEROY Northern Is.

VI JANET ALICE-lRENE Northern Is,

aTaken from the chapter on external dose estimates, Table 22.
bBased upon diet 10 yr after return, as described in the dietary and living patterns chapter.
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the external dose assessment, is based

upon the unmodified conditions for the

village island. The largest contribution

to the whole-body and bone doses comes

from the terrestrial food chain, the ex-

ternal dose pathway is the next highest

contributor, and the marine food chain

and inhalation pathway contribute the

least.x The relative contributions of each

diet component to the terrestrial pathway

dose is shown in Tables 242 and 243.

In general, living on JANET, visiting

northern islands, and maintaining

agriculture on northern islands (living

patterns 111, V, and VI) lead to s ignifi -

cantly higher doses than if the village Wd

agriculture are located on islands in the

southern half of the Atoll (living pattern

I). Doses for these same patterns have

been calculated for 5, 10, and 70 yr and

are shown in Table 244.

The most significant contribution via

the terrestrial food chain is the dose to

bone resulting from 90
Sr uptake via

.,,
‘“As indicated earlier, these dose cal-

culations assume that the Enewetak peo-
ple will continue their current practice of
using catchrnent rain water for drinking
and that the underground lens water sup-
ply will not be a part of their diet. An
indication of doses that are to be expected
from lens water may be obtained from
four water samples taken on JANET in
July 1971. These samples, two each
from each of two 2.5-m-deep holes about
100 m from the lagoon shore, gave aver-

d
a e concentrations of 130 pCi liter for
9~Sr, and 400 pCi/liter for 1 7cs. 239pu
concentrations were scattered (<0.03, 21,
<0.03, and 17 pCi/liter) but, for our cur-
rent purpose, we will assume an average
value of 20 pCi/liter.

Using these concentrations, and
assuming an average daily intake of
100 ml of lens water, the resultin 30-yr

Q@doses would be 0.83 rem due to u Sr,
0.019 rem due to 137CS, and 0.00082 rem
due to 239Pu.

pandanus fruit and breadfru it. For living

pattern HI, for example, the total

terrestrial bone dose is 75 rem, of which

74% is derived from the intake of bread-

fruit and pandanus. It is important to note,

however, that the large contribution to

the bone dose via these fruits occurs only

when they are grown on northern islands.

Pandanus and breadfruit grown on the less

contaminated southern islands lead to

much lower dose commitments.

Table 245 shows the 30-yr integral

dose for the six living patterns for the

modified soil condition, i. e., where the

village area has 5 cm of gravel and the

village island is plowed. Table 246

shows the 5-, 10-, 30-, and 70-yr dose

estimates for the same conditions.

Table 247 shows the additional effect

on the 30-yr integral dose of limiting

growth of pandanus, breadfruit, coconut,

and tacca to the southern islands, while

Table 248 shows the effect of limiting all

terrestrial foods to the southern islands.

The effect of the combination of these pre-

ventive measures reduces the dose for

living pattern HI from 11 rem to 1.9 rem

for whole body and from 80 to 4.7 rem

for bone.

A comparison of the 30-yr integral dose

for living patterns I and 111relative to the

average United States external background

dose” over 30 yr is shown in Table 249.

Plutonium isotopes, because of their

long half-lives, will still be present

when the other major isotopes observed

at the Atoll have decayed away; therefore,

Tables 250 and 251 are included to show

the predicted doses from plutonium to

the three major receptor organs (lung,

liver, and bone) via the three relevant

exposure pathways.
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The island of YVONNE presents a

unique hazard on Enewetak Atoll. Pure plu-

tonium particles are present on or closeto

the ground surface, randomly scattered in

“hot spots” over most of the area from the

tower to CACTUS crater. Examination of

these “hot spots” has revealed the presence

of occasional milligram-size pieces of plu-

tonium metal, as well as smaller pieces

which are physically indistinguishable in

size from the surrounding coral matrix.

Given these current conditions, it must be

assumed that pure plutonium particles of

respirable size are now also present onthe

surface or may be present in the future as

weathering effects oxidize and break down

the larger particles. Lung dose assess-

ments for this area, therefore, must be

based on inhalation of pure plutonium

particles rather than those having the av-

erage plutonium content of the soil.

The potential health hazard via the

inhalation pathway is sufficiently great

to dictate two basic alternatives for

remedial action for this island: (1) Make

the entire island an exclusion area – off

limits to all people, or (2) conduct a

cleanup campaign which will eliminate

the “hot-spot” plutonium problem and

remove whatever amount of soil is

necessary to reduce the soil plutonium

concentration to a level comparable to

other northern islands. As an indication

of the volumes of soil involved, removal

of a 10-cm-thick layer of topsoil in the

area in which “hot spots” have been

detected involves approximately 17,000

m3 of material. Further removal of soil

to reduce the maximum plutonium con-

tamination levels to 50 pCi/g or less

involves an additional 25,000 m3 of

material.

Table 242. Relative contributions of terrestrial foods to the integral dose assuming
diet at time of return.

Percentage of total 5-yr Percentage of total 1O-yr

Food item 90
Sr dose

137
Cs dose

90
Sr dose

137
Cs dose

to bone whole body to bone whole body

A. Island group ALICE-IRENE

Domestic meat

Pandanus fruit

Breadfruit

Wild birds

Bird eggs

Arrowroot

Coconut meat

Coconut milk

B. Island group BELLE

Domestic meat

Pandanus fruit

Breadfruit

Arro\vroot

Coconut meat

Coconut milk

98.9 100 43.9

26.8

23. 1

0.65 <0. 08 0.29

0.24 cO. 008 0.11

1.3

3.9

0.57

44.2

2?. o

23.2

1.4

3.9

0.58

100 100

46.9

24.7

21. 1

0.04

0.004

0.20

6. ~

0.93

4’7. 1

24.6

21.1

0.20

6. ~

O. 92

11-61
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Table 242 (continued)
Percentage of total 5-yr

Percetltage of total 1~-:~r
90 13i Cs dose

90 137cs dose
Sr dose

Sr dose
Food item to bone lVhole boLi3’

to bone whole body

c. Island group JANET
99.1

DomestiC meat

pandanus fruit

Breadfruit
cl. 27

wild birds
O. 89

Bird eggs

.,,25”.

&-roWrOOt

Coconut meat

c Oconut milk

D. Island group KATE-WILMA + LEROY
DOrnestiC meat

pandanus fruit

BreadfrUit

Wild birds

Bird eggs

ArrowrOOt
Coconut meat

c Oconut milk

Coconut crabs

E. Island grouP
ALVIN -KEITH

Domestic meat

Pandanus fruit

Breadfruit

Wild birds

Bird eggs

ArrowrOOt

Coconut meat

Coconut milk

Coconut crabs

95.4

0.58

(). 04

3.9

48.7

2.9

0. “?

26.4

1.4

20.3

100

0.11

0.03

98.8

0.29

<0. 03

0.87

37.7

1.9

<O. 26

50.9

2.5

6.9

43.9

26.9

22.9

0.12

(). 39

1.4

3.9

(). 59

43.1

26.4

22.7

0.26

0.02

1.3

3.8

0.57

2.4

41.7

7.6

6.5

*5
0. 13

(). 38

22.6

1. 1

17.4

47.0

24. 8

20.8

cl. 05

0.01

l). 20

6.2

0.93

46.3

24.7

21.1

0.14

0.01

cl. 20

6.2

0.93

0.41

30.9

9.6

8. ~

1.5

o~l

(). 0s

41.8

~. 1

~. (;

II-62
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Table 243. Relative contributions of terrestrial foods to the integral dose assuming 10-yr post-return diet.

Percentage of total 30-yr dose Percentage of total 70-yr dose

90Sr dose to
13

7CS dose to 90~r dose to 137

bone
Cs dose to

whole body bone whole body

Commencement date Commencement date Commencement date Commencement date
Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

A. Island group ALJCE-lRENE

Domestic meat 16.7

Pandanus fruit

Breadfruit

Wild birds 0.01

Bird eggs 0.01

Arrowroot

Coconut meat

Coconut milk

Subtotal 17

B. Island group BELLE

Domestic meat 16.7

Pandanus fruit

Breadfruit

Arrowroot

Coconut meat

Coconut milk

40.2

34.5

2.0

5.8

0.85

83

40.2

34.5

2.0

5.8

0.86

25.5 14.2

34.7

29.6

<0.002 0.01

<0.0005 0.01

0.28

8.7

1.3

26 74 14

25.4 14.3

34.5

29.6

0.27

8.7

1.3

41.4

35.5

2.1

5.9

0.88

86

41.5

35.6

2.1

6.0

0.89

22.3

36.2

31.0

<0.002

<0.004

0.29

9.1

1.4——
22 78

22.3

36.1

31.0

0.29

9.0

1.4—.

Subtotal 17 83 25 75 14 86 22 78
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Table 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

90
Sr dose to

137
Cs dose to

90
Sr dose to

137
Cs dose to

bone whole body bone whole body

Commencement date Commencement date Commencement date Commencement date

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

c-. Island group ,JANET

Domestic meat 16.,7

Pandanus fruit 39.6

Breadfruit 34.4

Wild birds 0.005

13ird eggs 0.05

Arrowroot 2.0

Coconut meat 5.8

Coconut milk 0.88

Subtotal 17 83

1). Island group KATI?-WII..MA t IJ3ROY

Domestic meat 1(3.6

Pandanus frllit 39.8

Tlrcadfruit 34.2

Wild birds 0.01

Bird eggs 0.002

Arrowroot 2.0

Coconut meat 5.7

Coconut milk O. 86

Coconut crabs 0.41

25.7

0.003

0.002

26

25.2

0.009

0.003

0.13

Subtotal 17 83 25

14.2

34.8

29.3

0.005

0.04

0.28

8.7

1.3

74 14

14.2

34.8

29.7

0.01

0.002

0.28

8.7

1.3

0.35

41.2

35.3

2.1

5.9

0.90

86

41.2

35.4

2.0

5.9

0.89

22.6

36.6

30.7

0.003

0.002

0.29

9.1

1.4— —
23 77

22.0

36.2

30.9

0.008

0.002

0,29

!3.0

1.4

0.12—.
75 15 85 22 78
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Tablr 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

90 137 90 137
Sr dose to Cs dose to Sr dose to Cs dose to

bone whole body bone whole body

Commencement date Commencement date Commencement date Commencement date

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

1?. Island group ALVJN-KEITH
28.3 30.3 26.2

Domestic meat 33.3
22.5 26.5 25.0

Pandanus fruit 24.1

20.6 19.4 22.7 21.4
Breadfruit

0.17 0.22 0.16
Wild birds 0.24

0.03 0.06 0.03 0.05
Bird eggs

Arrowroot 1.2 0.18 1.3 0.20

22.9 9.9 21.2
Coconut meat 10.8

1.5 3.2
Coconut milk 1.6 3.4

3.1 7.6 2.9
Coronut crabs 8.3

Subtotal
58 42 50 50 54 46

54 46
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TaMe 244. The 5-, 1O-, 30-, and 70-yr doses for the six living patterns assuming
unmodified conditions.

Total integral dose, rem
[]nmodificd conditions

Living 5 yr 10 yr 30 yr 70 yr

patter-n w . . Bone w. 13. 130ne . . Bone W. B. Bone

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

H 0.48 1.3 1. 1 4.3 4.4 35 8.0 68

III 1.2 2.6 2.7 9.2 11 80 20 150

IV 3.4 6.9 7.6 25 31 220 56 420

v 0.81 1.6 1.7 4.9 5.7 37 10 71

VI 1.5 3.8 3.3 14 14 135 25 250

Table 245. The 30-yr integral dose for the six living patterns assuming modified conditions.

30-yr integral dose, ~em
Modified conditions

lnhalatinn External Terrestrial Marine Total
T,iving
pattern Fl(me IJung Liver Bone, W. B. W.B. Bone W. B. Bone W.B. Bone

I ~1
11 ()

IIT o

[ \“ o

-4 ) 4(-4) 2(-4) 0.83 0.14 2.1 0,053 0.84 1.0 3.8

012 0.015 6.6(-3) 1.1 2.7 33 0.053 0.84 3.9 35

045 0.056 0.024 1.7 7.1 75 0,053 0.84 8.9 78

(3!)2 0.11 0.050 3.3 21 210 0,053 0.84 24 215

~7 0.045 0.056 0, 024 1.6 2.7 33 0.053 0.84 4.4 35

VI 0.058 0.072 0.031 3.1 9. 6 130 0.053 0.84 13 135

ahlo(\ifi(Cl 1),)-gravcling the village arc:~ and Ijy plowing the village island.

‘\
n.

.
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Table 246. The 5-, 10-, 30-, and 70-yr doses for the six living patterns ass(lming

moclified conditions.

Total integral dose, r:m
Modi ficd corlditi(ms

living 5 ,yr ‘ 10 ,yr 3(I yr 70 yr

I)at.tcrrl w. B. Bone w. 13. 130ne W. B. Bon c w. 13. 13011(.’

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

II 0.48 1.3 1. 1 4.3 3.9 35 8.0 68

111 0.60 2. 1 1.7 8.2 ~. !) 78 16 150

Iv 1.5 5. 0 4. :~ 22 24 215 46 410

v 0.46 1.3 1.0 4.3 4.4 35 8.0 68

VI 1. 1 3.4 2.7 13 13 135 23 250

aModified by gravelling the village area and plowing the village island.

~
‘1’able 247. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the

A
-1 southern islands.

30-yr integral dose, rem

Modified conditicmsa and pandanus, breadfruit, coconut, and tacca grown on southern islands

Inhalation External Terrestrialc Marine Total

l,ivinfl
Bone,

pmttcrn J30nc Lung Liver W.B. w. El. Bone W.B. Bone W. B. 130ne

I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

11 0.012 0.015 0.0066 1.1 0.77 7.1 0.053 0,84 1.9 9. 1

111 0.045 0.056 0.024 1.7 1.!) 15 0.053 0.84 3.7 18

[[r 0.0:)2 0.11 0.050 3.3 5. 7 39 0.053 0.84 !). 1 43

1’ 0.045 0.05G O. 024 1.6 0.77 7, 1 0.053 0.84 2.4 9.6

1’T 0.058 0.072 0.031 3.1 2.5 23 0.053 0.84 5.7 27

c~klodi(ied by glasekin~ tll(: village area and by plo~ving the village island.



Table 248. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the
southern islands.

3#-yr integral dose, rem
Modified conditions and agriculture on southern islands

Inhalation External Terrestrial Marine Total

I,iving Bone,

pattern Bone Lung Liver W. B. W. B. Bone W. B. Bone W.B. Bone

1 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

11 0.012 0.015 0.0066 1.1 0.14 2.1 0.053 0.84 1.3 4.1

111 0.045 0. 05fi O. 024 1.7 0.14 2.1 0.053 0.84 1.9 4.7

[v 0.092 0.11 0.050 3.3 0.14 2.1 0.053 0.84 3.5 6.3

v 0.045 0.056 0.024 1.6 0.14 2.1 0.053 0.84 1.8 4.6

VI 0.058 0.072 0.031 3.1 0.14 2.1 0.053 0,84 3.3 6.1

‘Modified by graveling the village area and by plowing the village island.

Table 249. The 30-yr integral dose from all pathways compared to U. S. external

__ backcround_dose.
30-yr integral dose, d rem

(Unmodified case Modified case

I,l)[:lti{)n Whole? body Bone Whole body Bone

~;n[wct:~k Atoll
1,iving patt(’rn [ 1.0 3.8 1.0 3.8

Enewetak Atoll
living pattern 1[1 11 80 8.9 . 78

l;ncwctak Atoll
l,ivin~ pattern 111, agriculture
(’fmfined to southern islands 4.2 7.0 1.9 4.7

1~, S. background c)nlyh 3.0 3.0 3.0 3.0

aSl]m of all pathways for the Encwctak living patterns (i. e. , external, inhalation,

b
marinr, an(l terrestrial).

Il:lsefl ~lpon I]a(kgroun{l of 100 mrcm/yr at sea level.

3

I
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Table 250. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes unmodified conditions on the village island.

Plutonium 30-yr integral dose, rem
[Jnmocfificd conditions

J.iving
Marine Terrestrial Inhalation Total

pattern Bone L,iver L,ung Bone Liver Lung Bone Liver Lung Bone Liver Lung

1 0.018 0.047 - 5.0(-5) 1.8(-4) - 7(-4) 4(-4) 9(-4) 0.018 0.048 !)(-4)

11 0.018 0.047 - 1.5(-3) 5.0(-3) - 0.029 0.016 0.036 0.049 0.068 0.036

III 0.018 0.047 - 6.!)(-3) 5.3(-3) - 0. lC 0.056 0.13 0.12 0.11 0.13

[V 0.018 0.047 - 3.0(-3) 0.010 - 0.47 0.25 0.59 0.49 0.31 0. 5:)

v 0.018 0.047 - 5.0(-5) 1.8(-4) - 0.11 0.058 0.13 0.13 0.11 0.13

VI 0.018 0.047 - 3.0(-3) 0.010 - 0.090’ 0.049 0.11 0.11 0.11 0.11

Table 251. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes modified conditions.

Plutonium 30-yr integral dose, rem
Modified conditions

Marine Terrestrial Inhalation Total

L,ivit}g
pat t.r’I’11 13011(’ l.ivcr 1.ung Bone Liver Lung Bone Liver Lung Bone Liver Lung

I 0.018 0.047 - 5. 0(-5) 1.8(-4) - 3(-4) 2(-4) 4(-4) 0.018 0, 047 4(-4)

H 0.018 0.047 - 1. 5(-3) 5. 0(-3) - 0.012 0.0066 0.015 0.032 0.057 0. 015

ILI (). 018 0.047 - 6. 9(-3) 5. :~(-:~) - 0.045 0.024 0.056 0.070 0.076 0. 056
I\T 0.018 0.047 - 3. 0(-3) 0.010 - 0.092 0.050 0.11 0.11 0.11 0.11

i’ 0.018 0.047 - 5. 0(-5) 1. 8(-4) - 0.045 0.024 0.056 0.063 0, 071 0.056

[’1 0.018 0.047 - 3.0(-3) 0.010 - O. 058 0.031 0.072 0.079 0.088 0.072
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APPENDIX III

REVIEW OF RADIATIOli PROTEQ~IOll STANDARDS

The Task Group has considered a number of concepts in devising an approach

to guidence for cleanup and rehabilitation of Enewetak Atoll, accepting

some and rejecting others. The concept that AEC recommendations should

consists of a series of alternatives or fall back positions with the

degree or level of radiation exposure reduction ultimately determined by

some later deliberation based on factors such as availability of funds or

reaccLGA, by .uthels tias Lejeciea. Tine constmsw o~ Ciie iask Group opinion

was that thsse recomnendaticns should be speci{ic a~ti unequivocal, arid

should establish a clear position on what is needed. To do less

would be unfair to the federal agencies who have accepted responsibilities

to perform the rehabilitations and to the Enewetak people who are lookin&

to this agency for advise.

The judgment of tile Task Group is that rehabilitation must conforn with

current radiation standards and ~-ith ~ood Ilealth physics practice in

implementing these standards. A sunmary of current raciiation protection

standards and r,aterial

standards reviewed and

follcms.

related to health risks that may be associated with

radiation criteria recommended by the ?ask Group
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& Federal Radiation Council (171C)

Basic FRC nunerical guidance and health protection philosophy are

similar to those of the ICF.P and llC?~. P~diation Protection Guides

(l?!G’s) are provided which deal wit?l e-xposures of individuals and of

population groups. Actfons are ta be directed primarily toward contmi

of the sources of radioactivity to restrict entry into the envimmmnt

but also tcr.~ard control of radioactive naterials after entry into the

environment in order to limit intake by hur.ans. The ?~G’s es~ress the

dose that should not. be exceeded without careful consideration of the

reasons for doing so. Rvcr;r ,effort s-nould be made to encourage the

maintenance of radiation doses as far belo-.? this guide as practicable.

The ?~Cts are intended for use with norml lJQaCQti~Q operations. Therd

the level of t!le ZIG is considered as an accepta>lc ris;: for z lifecim.

t3:iCCpt for t!lc

yezrs is used.

application of

gomads, ~:here the ICX’ recOim~Il~3cd value of 5 re-:s in 33

ZRC states t!mt the operational nechanism described for

criteria to Iinit the whole body dose for individuals tc

0.5 ?X?i? per year ruilti to limit exposure Of a suitable san~>le of the

population to 0.17 rem pez year is likely to assure tilat the gonadal

e:.~osure guide will not be exceeded.

The child, infant, and unborn ir.fant are identified as bzin~ nore sensitive

to radiation than the adult. E:<posures to be conpared wit?~ t!m guida~ce

are to be derived for the most sensitive mmbers in the population. The

guide for t!~e individual applies w!mn inciiv~dual ex?osv.resare knw.,m;
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A. Federal Radiation Colmcil (TT.C) .

Basic FRC numerical ~uidance and health pr~te~tic)il philosophy are

similar to those of the IC?.? and liC?J. Itzdiation %otection Guides

~?J?G1s) are provided which deal wit!l exposures of individuals and of

population groups. Actions are to be directed prinarily tot:ard control

of the sources of radioactivity to restrict entry into the environment

but also toward control of radioactive materials

environmeu.t in order to liniK intake by hur~ns.

dose that should not be exceeded ~t~~out careful

after entry into the

The ?.?G’s, es~ress Ehe

consideration of the

The child, infant, and unborn infant are identified as bcin~ more SC.IISitiI’e

to radiation than the adult. Ex~osurcs to be compared wit!l the ~itia~~~

are to be derived for ths i~ost sensitive znnbers in the population. T,12

guide for the individual ap~lies when individual exposures are Pm.otn.;
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Otllervise , the guide for a suitabie sample (one-third t!le guide for the

individual) is to be used. This opcratiofil technique may be modified

to meet special situations.

The FRC prinary nunerical guides, ek~ressed in rem, are provided in two

reports, FRC Xos. 1 and 2, smnaarized in Table 1. Secondary numerical

guides developed by ITIC are ei~rcsscd in terns of daily inta!:e of s?ecific

radionuclides corresponding to the armual ~G*s. Consideration is given

to all radionuclides through all patiways to derive a total annual expxum

for comparison with TXC ~ides. However, for many practical situations a

relatively few radionuclides yield the major contribution to total

exposure; by comparison, exTosures fron ~t?,ers are very srtall.

TABLE I

Individual Population C-rcmn——..

Wimle body 0.5 rem/yr 0.17 rerniyr

Gonads 5 rems/30yrs
2/

Thyroid – 1.5 rems/yr 0.5 rem/vr

Bone marrow 0.5 rem/yr 0.17 rem/yr

Bone 1.5 rems/yr 0.5 rem/’yr

3/Bone (alternate– 0.003 ~g of
226pa

0.001 yg Cf .
guide ) 226

Ra in adult
in adult skeletcn

skeleton

l/ For conditions and q“~alifications see F’RC Report Nos. 1 and 2.
~/ Based upona childs th):roid, 2 gms in weight and other. factcrs

listed in paragraphs 2.10-2.14 ofFRC Report No. 2.
226Ra

~/ Ck the biological equi-~alents of these amounts of .
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B. Thc l~ternatiO~al co~ission cm Radioloqlcal Protection (lC?&)

The ICIIP

in 1928.

guidance

originated in the Second International Congress of %d~ology

It has been looked to as the appropriate body to givs general

on widespread use of radiation sources caused by rapid

developments in the field of nuclear enerow. lC?C reco~endations deal

with the basic principles of radiation protection. To the various

national protection bodies is left the responsibility for introducing the

detailed techtical regulations, recormmdations, cr codes of practice

best suited

the experts

ICRP states

to their COurltiieS. Xecormendatians are intended to guide

responsible for radiation protection practice.

that the objectives of radiation protection are to prevent

acute radiation effects and to limit the ris::s of late effects to z?,

aerrmtnhle lPIml . Tt hnlrl= ?!~nt 5* i= ?l~hlfiVl yhethpr a thr~shnld PY+RFC=

and it is assumed that even the smallest doses involva a proportiumtely

mall risk. % practical altermtivc was found to assunin~ a Iinesr

relationship “~etveen dose and effect. This implies that there is no

wholly “safe” dose of rad:ation.

Exposure to natural back~round radiation carries a probability of cau~ii~~

some somatic or he.reditar== i~.jury. lioweve r, the Commission believes that

the risk resultin~ frm exposures received fron natural back~round should

not affect the justification of an additional risk from rzn-mxle e:qmsuras.

Accordin2iy, any dcse limitations reccnnendeci by tha Commission rcf~~r cnly

to exposure resultin~ ‘fron technical practices that add to natural back-

ground radiation. ?hese dose linitatiom exclude exposures received in the

course of medical ~rocedcres. (These sane qualifications vflt;~ re~ard to
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natural background

recorrmendations.

and medical procedures are applied to !;C?Z and FRC

concept of ‘tacccptable risk..tt Unless man wishes toICIW developed the

dispense with activities involving exposures to ionizing radiation, he

must recoe-ize that there is a de~ree of risk and must limit the radiation

dcse to a level at ~filich the assumed risk is deemed to be acceptable to

tile individual and to society iil Viwtl.of the benefits derived fron such

activities.

For planned or controlled exposures of individuals and populations, t~l~

ICW has recommended t?~e term “dose limit.” Reconm,?nded dose linits arc

thousht to be associated with a very lo”.r degree of r-is!:. Tor un~lam.ed —

c~cosuzcs fron uncontrolled sources the terx ~’act~o~l Ic-rel” iS

recommended. In fymeral i,t Wili be appropriate to institute C0u[it~r1220sureS

only, when their social cost and risl~ will bc

from the e-xposure. Setting of action levels

national authorities.

less than those resulting

JA the responsibility of

It is not desirable to exposure menbers of the public to doses as hi~h as

those considered to be acceptzbie for radiation wor!:ers because c!~ilclren

are involved, mdlers of the public do not make the choice to bc csqmszd,

and nenbers of the publfc are not subject to selections supervision anJ

monitorin~$ and are exposed to the ric!cs ef their own occupations. For

planning purposes, dose lirrlcs for members of the public are set a factor

of ten below those for radi=ticn b’or!:ers.
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The ICF2 dose limits for individual’ suembers of the public are presented

in Table II. Xo maximm llsonatically significanttl dose for a population

is given. The genetic dose to the population should be kept to the mininum

amount consistent with necessity and should not excked 5 reins in 30 years

from all sources other tilan natural background and medical procedures.

Ho sin~le type of population exposure should take up a disproportionate

share of the total of

.
,

Gonads, red
bone-marrow

Skin, bone,
thyroid

Hands and forearms;
feet and ankles

Other single organs

3/
Genetic dose-

the recommended dose limit.

TABLE II

1/
ICRPDOSE LIMITS-

Individuals

0.5 rem/yr

2/
3.0 rems/yr–

7.5 reT.s/yr

1.5 rems/yr

Population

l_/ For conditions and qualifications see ICRP~blication9.
~/ 1.5 rems/yrto thyroid of children upto 16 years of age.
~/ See paragraphs 84, 85, and 86, ICRP Publication.

.

5 rems/30yrs
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c.

The VCW position is that the rational use of radiation should coi~for~

to levels of safety to users and the public which are at least as

stringent as those achieved for other powerful

chronic exposure attributable to peaceful uses

arc assumed.

agents. CQntinuiitg and

of ionizing radiation

The XCW? has adopted the asstt~tion of no-threshold dose-effects

relationship and uses the tern “dose limits” in providin: guidance ~L~

population e-xposures’. fil radiation exposures are to be kept as low as

practicable. The numerical values of exposure as presented are to be

interpreted as recommendations, not regulations. use of the no-threshold

concept involves the thesis that there is no exposure limit free from

some de~ree of risk.

To establish criteria, XCTl uses the concept of “acceptable risk” (where

the risk is compensated by a demonstrable benefit) broken do~m to fit

classes of individuals or population groups exposed for various purposes

to different quantities of radiation. l?unerical reconnendations fcr dose

limits are necessarily arbitrary becausz of their mixed technical val.ue-

jud~ent foundation. The dose lii~dts for individual m.nbers of t;lc publi=

and for the avera~e population reccrmended by 11C?2 represent a level of

risk considered to

.

Womerly known ass the’

be so small compared with other hazazc?s of

Xatiozal Comnittec on Radiation Protection
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so well offset by pcrcepti~le he~efits when use< as intended, that public

approbation will be achieved when the informal public review process is

completed.

For

for

and

peaceful uses of radiation, HCX’ prcvides yesrly numerical dose lhits

indiviilual mmbers

strongly advocates

especially for infants

li=its for tile average

of the public, considering ~ossi~lc sonatic effects,

naintenzncc of lo’.mst

‘~k’d the u~bor~.

population based

ations and rccomcnds t!le sane value as

practicable e:ymsure levels,

ZISO rccox~e~.ds ye2rl;7 dme

somatic and genetic ccmsider-

of 5 reas in 3C years for

gonac!al e-xposurc of the U.S. population. Table III contains a s~~arY Of

Whole body

Gonads
3/

Gonads (alternative-
objective)

1/
NCRP DOSE LIhIITS–

Individual Population.

0.5 rem/yr 0.17 rem/yr

0.17 remiyrz~

5.0 rems130yrs

~/ FGr conditions and qualifications on application, see NCRP Report .
No. 39, “Basic Radiation Protection Criteria. ”

~ Tobe applied as the average yearly value for the populationof
thel?nited States as a whole. See paragraph 247, NCRPIteport XNo. 39.

~/ Seeparagrapk 2Q7, TSCRP Report No. 3?.



D. Criteria AKafnst Which Suney Findin2s and Alternative Neasures Will De

Evaluated

The Task Group approached the questicn of radiation dose criteria from

two directions. First, FRC, ICRP, and NCRP recommendations reviewed

above were judged as to applicability in this situation. Second, a risk

approac!! was reviewed using information from ICP~, UHSCEAR, and the

National Academy of Science BEIR Conmittee. The results of this latter

effort are summarized in Part E which follows.

The radiological survey of Enewetali Atoll provides a conprehensivc

base needed to derive reconnenciations relative to the radiolo~ically safe. .

return of the Enewetak people. These recommendations are to be baseci on

an evaluation of the significance of all radioactivity m the Atoll in

terms of the total exposure to be expected in tl~~ re~~rnin~ popi:laticm,

and on consideration of those reasonable actlcns and constraints wi~ich,

wi~e.rc nade, will result in ninir.un exposures .

.’
The guidelines used in deriving these recommendations can be summrized

as

1.

2.

.

two interdepe~dent considerations:

Expected exposures should be

consistent with guidance put

(FRc) .

nininized and should fall in a range

forward by the Federal Radiation Council

ActIons taken to reduce exposures should be those which show promise

of significant exposure reduction when weighed against total expected

exposures and the “costs” of the actions. “costs,” in this context,

erc measured primarily in terms of costs to the Eriewetak people as

constraints on their activities or as dollar costs for cleanup or
.

reneaial action.
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In these evaluations, it should be emphasized t!lat dosa~es through various

pathways are estinated on the basis of environmental data and considerations

of expected living patterns and dietary habits. !fiile “radiation standards”

do not exist for environmental contamination levels in substances such as

soil and foodstuffs, there is gen=ral a~re~nent in term of conservative

models of these pathways ar.d the relationships between a certain level in

the environment and the lillely dose to result from the pathway exposure.

The area of plutonium in soils, however, is one for which tl~ere is no

general agreement & to the quantitative relationship between levels in

soils and dosages to be expected t!mou~h the inhalation pathway, the

primary one throu~h which man can receive a sip;nificant dose from

plutonium. The IC?W recorme;~ds a naxinun petissiblc avera~e concentration

(:I?CJ of 1 Picocu%ie per cubic meter (pCi/n2) of -air for “iasolubl~”

plutonium and 0.06 pCi/n3 for “soluble” plutonim for unrestricted are~s.

Ifllile the plutonium in the soil at Ilnewetak is thou~!lt to be typical of

world-wide fallost, and therefore insoluble, 0.06 pCI/n3 will be used

for the sake of conservatism.

methods for derivin~ the exposures that may occur through the inhalation

pathway for ?lutcn~un ic soil. (~is is the p~thway of inte=est fcr the

presc[:t althou@ it is reor~mized tlmt for the ve?] distant future,

in~estim my becone nore i;ylortant by co-parism. Table 250 of AppenrlLc

239X% ar~ e:qectedII S;1OWSt“hat exposure to bone, liver, aml lung fron



.

llne two neti:ods presented are t;m “resuspension-factor” approach and the

mass-loading” approach. Soil concentrations of 239Tu tliat would be

associated with the standard for 239?u in air (0.0’5 pCi/n3) lW the ~Jo

methods are:

Resuspension-factor approach . . . . . . l~o~~ Pci/~

Ifass-loading approach . . . . . . ● . . 600.pCi/g

A recent re?ort, A Proposed Interim ~c~ndard for Plutoniu= iz Soils

U-54S3-!SS, presents reconnendations derived from estimates of e:.~osure

through

surface

inhalation ‘comidczin~ the coacentrati.on of 239?u in the”very top

soil. The following values were recommended:

400 pci/~ - FGr ail ~articlc sizes provided no nore tT:3c

230 pCi/g in < l@’3/rLm size fraction.

A re-~ised ~1~.:imt~~~p~r~ssi”~le Cor.centraZicn, -.. ~>.r,c oi S.3 ?W:Z3 for

individuals was used in these determinations. The cstt-tes aF?lY to
.’

large area contamination. Levels several tines larger cocld ~e pcrrli~cei

for localize~ deposition.

Zhe Task Group recognizes that the islands of lhewetak Atoll are small

and t!mt the areas of hi~!~est 239Pu in soil on these islanc!s arc snallcr

still. On the ati]er ilanri the people live ciose to the soil. It is also

rcco=mized that experts are not in a~rcer.ent as to the critical organ fcr

inhaled plutoniun, whether to use an average dose for this organ, or the ‘i

model to be used to predict dose. in the interest of see’kin~ a conservative

yet flexible approach to considerations cf critaria to treat t’ne probler.
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.

of 239pu in EneWet~. soil, the T’]c Group recomends the fOlkWiTig:

1.. *y areas or locations where soil concentrations of 239Pu are greater

than 400 pCi/g should receive corrective action ~th conta~nated

soil removed for disposal.

2. Situations Witil soil .levels in the 40 to 400

corrective action With each area or location

pCi/g range may receive .

evaluated on a case by

case basis.

The follm?ing guidance is provided for this evaluation:

a. Islands with soi”l levels in the above range may be divided into two

categories, those of sufficient Gize for construction of pernaner.t

houses, and those that are not.

b. .~enoval of 239PU conta~inated soil is better justifie.i ‘Jithin t~le

rmge shove for the hrger islands such as J.’JHT or S.4LLY where

permanent housinG may so~eday be loc~ted and for near surface

locations on the larger islands.

c. The saaller islands nay be considered of less

outlook is uncertain since they are sorwtines

concern. Their lon~ter:n

increasing in s5.ze and

sometimes erroding awzy. Smlll islaads nay be washed over by scorn

waves and are not a safe site for pzrmmer.t housir,s. Froa that

viewpoint, tl~ey are in the sane category as unnamed sandbars alon~

the reef wlnere other

d. The .mcunt of effort

t!lis ran~c increases

islands WI ha-,vz disappeared or k fornins.

that ?roperly nay be ~iven to soil re~oval in

as the soil concentration increases.

e. once a SOI1 removal action i~ to be ta?cen, the objective is co ach.izvc

a substantial reduction in plutoniun soil ccmcentrat:ons, .md furt!ler,

to reduce concentrat:o~.s to the 4. ~1~ level, not to~o~?est ~zaztAw3

rc~ucc t;len tc soae prescribed nunericd value.

%“11-12
—.
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3. Areas or locations shining less than 49 pCi;g do not require corrective

action because of the presence of pl.utoniurt alone.

The Task Group views these reconnendations as the best current approach

Atoll. These are interim criteria to the extent that there does not

appear to be either adequ=te ifllysical or biological basis’ On ~i~ic~~ to

establish fin axl durable standards for cleanup of plutonium

contaminated soil. .
, .,

.,” I
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evaluation of e:qosures to

wtith provisos that:

1. The full amom.t of the

ind~vi~~als to ?hewetah. Tlnis is recoxn~nded

nunerical values should not be used far

evaluating exposures frm a single

radioactivity fron weazons tests.

~newetak people wflIl not be denied

man-nade source, in this case

T’his is applied so that the

benefits of future nuclear

technology becausz they are receiving exposures frox nan-nade

radiation at the ‘oa::inun level of acceptable standards.
.4

9tie ~nvironnental followu? scrveys am! st~dies of radioactivity lzvels

in people am perfomed such that the full ran~e of rztiiation

level.

SurvcX:, Cleanllp, and Re?labilitation Waluation

It is recoruended in this context tlmt:

1. ?he P.C Radiation Protection GUiJ~ ~.u‘mmG’S) for individuals silculd be

used as the basic standard. The requirenen: is to assure that exposures

for continuous residence in Znewetak Atoll will be well within the

annual and 30 year criterion. :~~ile these are conservative standarGs

from a health view point, there is no builtin conservatism, to acccunt

for uncertainty in prediction of annual exposures to

Because of the complex circunstacces of exposure and

each with its uncertainty, the Tas~: Group recommnds

individuals,

the many pathvays,

use of 5’1 percent
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of the FltC annual standards for evaluation of the many cleanup and

rehabilitation alternatives at Enewetak Atoll. z%is is not to be

viewed as an attempt to establish new standards but is considered to

be a necessary precaution in the application of cutrent standards.

The following values a~ply for evaluation of alternatives:

lJhole body . . . . . . . . , . . . . . c.25 R=dv

Bone marrow . . . . . . . . . . . . . 0.25 Ren/yr

Bone. . . . . . . . . . . . . . . . . 0.75 Ren/yr

Thyroid.. . . . . . . . . . . . ..O.75Rern/yr

,

2. The Task Group recommends use of 100 percent of the FRC EM’s to

evaluate post cleanup and rehabilitation and post return conditions

in foods ad in peo~le are made. Under suck cmylitions, dcse

estimtes should be s-~”oject to much Icss uncertainty. The mquimxnt

is to assure that ex~osures arc Krell within the F~tC standards. see

Section A. of this Appendix for the FRC RIIGJS.

3. l%e criteria fGr evaluating gonadal m~osures at Znewetak ,Itol.1 should

be 4 rmns in 33 years. The requirement is to assure that lonS term

exposu~es vnill be well wfithin this criteria. The Tas?L (lrcup feels

justified in usin~ W percent rather than 59 percent of the IRC

standard since th,ere will be anple tine to verify e~os’me est:r,ates

< the diet and tine to follow the chm@n~using actual sa?.~ling 0.

pattern af exposures of ?eoplc.



4. The reconnended

a. <40 pCi/g -

*

guidance for 23gpu in soil G:

corrective action not” required.

b. 40 to 490 pci/g - corrective action my be needed. Action to be

taken should be determined on a case-by-case

basfs.

c. >400 pci/g - corrective action required.

In applyin~ the criteria for bone and bone marrow in part 1 abwe, it is

assumed that if annual mposures do not exceed the applicable criteria

in the” year

longer term

the “lowest

of remedial

of highest dose, there ~till not be a requirement for Hnitins

cumulative exposures. On tl]e other hand, inplenentation of

practicable” concept vill req’~irc cmsider%aticxts ~f effectivcn>ss

? and ~o?l~~r ten &:FGSUr2S tc tscncasures to rcduca both zx?.:~r.~

extent practicable.

●
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Risk Considerations

The Task Group aml its

information froz ICV,

tec?mical advisors have revie,mll the available

WSCZ.LR, and the IIational Acadeny of science 2EIR

Cormittce t!mt could be used to estimate the health risk that nay be

associated vith lon~ tern exposures at the level of t;~e radiztioa dose

and soil rermval criteria bcin: recommended. It is clear fron this

review that knovk.!~c of the relationship between radiation dose and

effects of that dose on mm as characterized in dose-effect curves is

inconplcte even for external radiation exposures. For internal enitters

and particularly for plutcniun, the situation is even less satisfactory.

Klscrdf.?l has sumarized their “fundin~s by stating t?lat me should not

extrapolate in a linear fashion fron effects

rates to effects at low doses and dose rates

Mkclyhood of recovery an~ re?air. The T21R

data, conclutied chat since the low dose data

conservat~vcly assurbe a linear no-t;lrcshdd dose-affect cu=e dram

throush data obtained at hf~h doses and dcse rates. The CCi,~.itte~ furtker

sug~ested that if t~lis linear no-threshold curve is assuned to be correct,

it follows t?~at 6,000 cases of cancez wouid be produced each year in

population of 2~0,000,033 people exposed at a rate of 0.17 Rem/yr.

(This is the I?XC RN for population groups - see Table 1.) ~or ti~~

f less tiian 5g0 e~~oscd zt the szm level, m~ cz;:Eneweta!: population 0-

rnake the following estinate:

6 x 103 cases/yr x 503 mople = 1.5 x 10-2 cases of canceriyr

2 x 108 people

.
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Exposure at ‘the level of the recommended criterion of O. ?5 Pmm/yr would

-z
give twice the above value using a linear dose-effect curve or 3 x 10

cases per yeai. The Task Croup views this as a pessimistic upper limit

of risk. It could be inferred that there may be between zero and three

cases of cancer in 100 years if the entire Enewetak population were

continuously exposed to 0.25 Rem/yr over that tine period.

Lack of confidence in extrapolation of high dose and dose rate effects

Into the vexy low dose and low dose rate situation, consideration of

the fact that for alternatives being considered foi cleanup and.,

rehabilitation, xnost of the exposure to whole body and in fact to all

organs comes from internal enitters wherein the shape of the dose-effect

curve is most uncertain, and lack of confidence in the statistics an{!

risk esti~ate arawn iherefron i:ave led ch,e Iask Group co have ser~.ous

reservations about their validity. The Tasl: Group holds the opinion

that SUCI1estinates can not be used in any defi.nati.vc J7ay to draw

. .
conclusions on whether current radiation standards are too high or tog

low or as a basis for decision na;:ing relatfve to resettlcnent of

Enewetak Atoll. t7hile the risk associated with doses at the level of

current standards is possibfi] not zero, it is viewed as being very low

as described by FRC, ICRP, and NCIW. The basic FRC szandards,

conservatively applied, are vie.~-ed as suttahle for Znewetak rekabilitac%o~.

provided there is also a serious and concerted effort to keep exposures

as low as practicable.
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ATTACHMENT I

RELATIONSHIP BETWEENRESUSPENDEDPLUTONIUM

IN AIR AND PLUTONIUMIN SOILS

#
c

. .. . . . . ... ..



Relationship Between Resuspended
Plutonium in Air and Piutonium in Scil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livermore, California

There are no general models that may

be used with confidence to predict the

resuspended air activity in the vicinity of

an area ccmtaminatcd with plutoni-~.m.

.



However, two

be used — the

preach and an

approximate methods may

resuspension factor ap-

argument based upon

ambient air particulate concentrations,

with the assumption that the particulate

are derived from the contar.inated sur-

face. The former method has been fre-

quently used, but almost always in the

context of a fresh surface deposit. The

latter method is inappropriate to the

fresh deposit situation, but should be

reasonably valid after enough time has

elapsed for the surface-deposited mater-

ial to become fairly well mixed with a

few centimeters of the soil surface.

Resuspension Factor Approach

The resuspension factor, K, is defined

as
Air concentration (Ci/m3j

K = Surface deposition (Ci/m2) ‘
-1&>d t~:l~~.~~~~?Qlit~ ,>f ~-: . ~~ ~~ ~~fil~~~

.
always implied tk,at both measurements

are ●ade at the same location. The diffi-

culties with this approach are fairiy .

obvious — no all~wance is made for the

geometrical configuration of the source,

the particle-size distributions of the con-

taminant and the soil surface, vegetation

cover, etc. Stewartl and Iv1ishima2

have tabulated values oi K from many

experiments including those involving

laboratory floors as well as nati%-e sails.

As would be expected, the tabulated

values cover an enormous r~nge and vary

from 10-2 to 10-13/nl. Most of the high

values, however, are derived from experi-

ments with laboratory f!oor suriaces and~

or with artificial disturbance.

For outdoor situations, Stewart* sug-

gests as a guide for planning purposes

that a value for K of 10-6/m be used

“under quiescent conditions, or after

administrative control has been established

in the case of an accident. “ A value of

10-5/m is suggested under conditions of

moderate activity. Stewart states, kow-

ever, that exceptionally higher values

(mean of 10- 5/m) were observed during

the Hurricane Trial (Monte Bello Islands)

and credited this to the nature of the

small islands exposed to sea breezes.

Values approaching 10-3/ m when dust is

raised by pedestrians and vehicles are

idso reported by Stewart.

Kathren3 has also considered the re-

suspension factor approach and has

recommended the use of 10-4/m as a

conservative but appropriate value for

setting standards for Pu02 surface con-

taminant ion.

Lang!lam4’ 5 has suggested that 2

value of 10-6/m is a reasonable average

value to use in estimating the potential

hazard of occupancy of a p! utonium-

contaminated area. At the same time,

however, Langham notes that many
-5 .

measured values lie in the range of 10

to 10-7/m and reports that his own

measurements in 1956 produced a value

of 7 X 10-5/m.

These recommended values, however,

are all intended for application during the

time period immediately following cleposi -

tion. Numerous studies
1, 5-6

have shcwc

that air concentrations of resuspended

materials decrease v:itn time. \’Jith the

assumption that this decrease can ~e

represented by a single exponential func-

tion, half-times of 35 to 70 days have

been reported 5, ?, 8
. This decrease in

air activity is not explainable by the

relatively minor loss of materiai from

the initial site of deposition 1’6, but

111-z_j

is



presumably caused by the migration of

the initial surface-deposited material

into the soil.

Attempts to use the resuspension

factor approach to derive acceptable

levels of soil surface contamination have

included this “attenuation factor” as a

simple exponential function with half-

times of 35 or 45 days 3, 4. There are

major uncertainties in such a formulation,

however. The longest study of this de-

crease with time extended to oniy 11 mo

following the initial deposition, which

is extremely shGrt compared to the half-
239m

life of a radionuclide such as .

There are also published ”reports which

indicate on experimental and theoretical

bases that the decrease with time will

not be adequately represented by a single

exponential function, b~t that the rate of

decrease itself will also decrease with

time J’ b. Fortunately, the exact nature

of this time dependence is not critical in

determining the integrated exposure from

the time of initial deposition clue to the

fairly well-documented rapid decrease at

early times. However, it is obviously

the controlling factor for questions con-

cerning the reoccupation of areas many

years after the contaminating event.

As an illustration, the most conservat-

ive published model (Kathren3 ) may be

used to calculate a resuspension rate for

material 15 yr after deposition: .

(K = ‘4 exp ;5;’
-(j 6C7 ~ 15V ~365d\

m
.Y)

= 10-4’/m.

If, however, the resuspension rate

asymptotically approached some finite

value 10
-6

of the origins!, then the resus-

pension rate 15 yr later would obviously

be ~0-10 /m. However, the total inte-

grated air activity !frorr. t = O to d foh
239

Pu would be changer! only by

1
m

AX 10-4 exp (- O. 6S3t/45d) dt

o

I

a

+AX1O
-lo

exp (- O. 693t/24, 400y)dt

o

= 6.5AX 10-3 + 1.3.4X 10-3,

which is an increase of 20%, and more

importantly, cannot be accumulated dur-

ing an individual’ s life span.

Because the functional nature of the

decrease in resuspension rate with time

cannot be confidently extrapolated, ~re -

viously. published models should not be

applied to the reoccupation .of areas many

years after the contaminating event.

The resuspension-factor approach can

be applied in an a~p?u>:imate way, hcw -

ever, j.f res~sper~sion factors are used

which were derived from measurements

over aged sources. Perhaps the most

rclev=.t data are unpubli~hec! result=

from current resuspension experiments

at the GNI.X site in &ea 5 of the Xevada

Test site. The 2S9PU at this location

was deposited following 22 high-explosive

detonations during the period from.

December 1954 to FebrL!ary 1956.

.Measurements of resuspended air activity

levels at this site during 1971-1972

appear to be the only available data con-

cerning resuspension of ~sgpu from a

source of tliis age.

Data from two types oi ineasurements

are availab!< and can be used to derive
. average resuspension factors. The first

9
type of measurement was accomplished

by placing five high-volume cascade
10 .impactors within the most highly con-

taminated area, and running them. for
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36 days, from July 7 to August 12, 1972.
239, 240pu ~c~ivity was

The collected

distributed lognormal]y with particle

size with an activity median aerodynamic

diameter (AAIAD) of 3.0 pm and a geo-

metric standard deviation of 8.2. The
239s 240~ concentration varied from

1.0x lo-14 t03.9xlo ’14 ~Ci/cm3,
-14

with an average of 2.3 X 10 flCi/ cm3

for the five samplers. At the present*.;
time only limited data are available re-

garding the soil activity in the area.

Four soil samples of depth O-3 cm from

approximately the same location have

. been analyzed with results 11 of ~060 to

3550 dpm~g, with a mean Of 2700 dpm/g.

Profile data from, other locations at the

same general site indicate that about 9070

. of the total deposition is catained Within
*.-l

the top 2.5 cm of the soil’. .Nleasure-

ments of soil density in the area average
.. Q

1.8g/cmo-. The resuspension factor

..
;,:...... .

is therefore

2. 3,X 10-14 pCi ~ ~7*m x d
cm~ I.flg

X0.9 ~102 cmx ‘62.22 X 10 dpm
3 cm m pCi

= 3X li3-10/m.

Additional air samples were taken by

the Reynolds Electrical and Engineering

Co. (REECO) on the edge of the contamin-

ated area during the period of February

1971 to July 1972, with a sampling time
B

of approximately 48 hr . hleasure.ments

were made at four locations, but the

most pertinent is the one which was most

frequently in the direction of strcng winds

from the strong]y contaminated area and

where the highest air activities were

recorded. Here, 254 individual air-

table results reported for 236. 239’ ‘Pi
-1-

concentratic~s r~~ged from 3.5 X 10- At

to6c 3X10 -13 Hci/cm3, with arij{~etic

and gebmetric means of 6.6 x 10 ‘d

7. 9X10-16 VCi/cm3, respec~iveW. Re-

sults for four soil samples taken frcm

approximately the same location range

from 128 to 202 dpm/g, with a mean of

160 dpm/gU. Because the arithmetic

mean is a better representation of average

lung exposure, it is used to derive a re -

smmension factor at this site:.

6.6 X10-15uCi +Lxd
cma 160 dpm lag

102 cm x~~ ,— 2.22 X 106 dpm
3 cm.x m #cl

= 2 X 10-9/m .

This value is nearly an order of magni-

tude higher than the one previously cd. cu-

lated, and reflects some of the inherent

difficulties in the resuspension- factoi-

approach i. e., that no “allowance @ m-ade

for the geometrical confi.~raticn of the

source and that higher ground activities

may be present u?wifid.

It is obvious that this approach is sub-

ject to major uncertainties, but does

serve as an order-of-magnitude indication

of the resusperided air activities that may
239, 24o

arise from a Pu contaminated

area which has weathered for 15 to ~0 .vr.

The data discussed above also eem+onsirate

unequivocally that resuspension of
239, 240

Pu does in fact occur from such

aged deposits and at levels m-any orders

of magnitude P,igher than would be ex -

petted ii the often noted decrease with

time were represented by a single exponen-

tial function with a half-time @f 35 to Y!)

days.

filter samples were collected and detec-



Mass-Loading Approach

The other approximate prediction

method is based upon measured or

assumed levels of particulate matter in

ambient air with the assumption that this

materia! is derived fro,m the contaminated

soil. For fresh deposits this approach is

not valid because the freshly deposited

debris is much more iikely to be resus-

pended than the remainder of the

weathered soii surface. After many

years of weathering since the initial “

deposition, however, the contaminating

materhal should be reasonably well mixed

with a centimeter or two of soil, such

that the contaminant activity per gram of

airborne particulate should approximate

that in the upper soil. However, a major

difficulty could arise if, for example,
239, 240 Pu were preferentially associated

with the smaller partirlp =iTP~ mnr~

lik~ly to become airborne. For the

Nevada Test Site, such is not the case as

determined by soil an~lyses 14
and by the

high-volume cascade i.mpactor study.

The latter study found an AMAD of 3.0 pm
for 239, 240

Pu, whereas the total mass

median aerodynamic diameter was 1.7 um.

The specific activity of the material col-

lected on each stage can also be examined

for a preferential association of plutonium

with particle size. Average data from all

five samplers are:

Size, ~rn 239’ 240Pu, dpmlg

>7 950

3.3t07 700

2.0to 3.3 1030

1.1t02. o 1300

0.01 to 1.1 480

All stages 890

(Soil) (2700j “

Although there is considerable spread

in these data, there is no indication of a

preferential association oi 239’ 240Pu

with a particular particle size; as would

be expected as a resldt cf dilution by inert

aerosol, the specific activity is lower

than that of the soil.

If we assume that this is generally

true, a generai and conservative. method

ofpredicting resuspended air concentra-

tions of contaminants would be to simply

multiply the ambient air mass loading by

the contaminant concentration in soil. .+

factor of some uncertainty for a speciiic

calculation is what value to use for- the

ambient air mass loading in the absence

of specific data. This becomes even

more uncertain because of the possib~lity

that the people involved may be highly

correlated with the source in the sense

that children playing in sand, adlilt~ clll-

tivating crops, etc., may generate their

own “ambient air” which contains much

more mass than would be recorded by a

remote stationary sampler.

The lower and upper bounds of ambient

air mass loading can be fixed rather

easily for any site. There has been con-

siderable interest in establishing a.

“background level” of mass loading, and

this is generally believed to be about

lo ~g/m3 ’15! The upper bound can be

established in a reasonable way by the

levels found in mine atmospheres which

have led to a considerable prevalence of
16pneumoconiosis in the affected Ivorkcrs .

Examination of these data indica?c that

current standards for occupation! dust

exposure (% 1-10 mg/m3) have a \’ery

small, or perhaps no margin of safety,

such that a reasonable up”per bound can. .

be taken as 1 mg/ m3. British

‘Ill- z~

data”



“indicate that if the general public were

exposed to dust levels in excess of

1 mg/m3, the public health problem. from

the dust alone might be enormous. The
:,

reasonableness of the upper limit value

of 1 mg/m3 ~s also demonstrated by data

which indicate that nonurbaii ambient air

mass concentrations this high are usuaily.

associated with conditions described as
18,19

dust storms .*
Measurements of ambient air mass

loading can be used to further define a

reasonable estimate for predictive pur-

poses. ‘I’he National Air Surveillance

Network (NASN) has reported such results

for several years.
~ata20 for 1966 show

that there were 217 urban and 30 nonurban

stations reporting. The annual arithmetic

average for the urban stztions ranged

from 33 (St. Petersburg, Florida) tc

254 LLg/m3 (Steubenville, Ohio), with a

mean arithmetic average for all 217

stations of 102 J.Lg/m3. For tk~e no~urb~

stations, the range was from 9 (White

Pine County, Nevada) to 79 Kg/ ms (Curry

“ County, Oregon), with a mean arithmetic
3

average for all 30 stations of 38 vgj m .

No data in this report are available for

nonurban locations on small islands simi-

lar to the Enewetak group; perhaps the

closest analog is the urban station at

Honolulu, Hawaii, which had an annual
3

arithmetic average of 35 ~g/-m .

More pertinent, but limited, data have

recently been pubiisned for the island of

Hawaii2’J 22. Data are giveri for three

locations: Mauna Loa Observatory

located at a height of 3400 .m, Cape

Kumukahi, and the city of Hilo. N-4SN

data for Hilo (for an unspecified period)

tie given as 18 Mg/m3, and nephelometer
9

-:

measurements varied from 18 .xg/m”

during the day to 26 ~g/m3 at night. At

Cape Kurnukahi the nephelorneter measure-

ment was 9.2 pg/mS. The greatest amount

of data is available for Mauna Loa Obserm-

tory. Here, the NASN measurement was

3 Hg/m3, and the nephelometer measure-

ments varied from 1.7 #g/ m3 at night to

6.5 pg/ m3 during the day. .4dditional

measurements made by the USAEC Health

and Safety Laboratory (HASL) were

3 ~g/m3. It is of interest in the present
22

context that Simpson made the following

comment concerning the HASL measure-

ments: “The HASL filter samples contain ‘

substantial dust (3-5 ~g/ m3 of air sampldi

because of the fact that the filter was

located less than one meter above the

ground surface near areas with substantial

personnel activitjy at the observatory site. “

Thus, while this method of measurement

may not have coincided with Sirnpsonl. s

interest, it does indicate that ambient

air mass loadings r.zy !m very low on

such remote islands even when consider-

able hum,an acti TJity is occurring nearby.

On the basis of the above data, it

would appear reasonable to use a ~’alue of

100 pg/m3 as an average ambient air

mass loading for predictive purposes.

Indications are that this value should be

quite conservative for the Enewetak

islands, and therefore allows room for

the uncertainty involved because the people

themselves may generate a significant

fraction of the total aerosol. Therefore,

they may be expcsed to higher particulate

concentrations than Jvould be measured by

a stationary sampler.

Supporting evidence that 100 ug/rn3 is

a reasonable va!ue to use for predictive

purposes is provided by the N’ational
23Ambient Air Quality Standards . Here



ambient air is defined a’s 11. . . that portion

of the atmosphere, external to buildings,

to which the general public has access. “

The primary ambient air standards define

“levels which. . . are necessary, with an

adequate margin of safety, to protect the

‘ public health. “ The secondary standards

define “levels which. . (are) . . . necessarY

to protect the public welfare from any

known or anticipated adverse effects of a

pollutant. “ These standards for particu-

late matter are given below:

National ambient air quality stan:ards
for particulate matter, pg/m~.

Annual Max. 24-hr ccrcentratim
geometrl.c not to be exceeded more

, mean than once a vear

Primary:

75 260
.

6

Data to support these standards in terms

of health effects, visibility restrictions,
24

etc. have been provided .

An arithmetic mean would be more

desirable for predictive purposes. Data

from 196620 for nonurban locations indi-

cate that the annual arithmetic mean is

(on the average) 120% of the annual

geometric mean.

Representative Calculations

Because one of the primary objects is

to derive an acceptable soil level for the

Enewetak Islands, the approaches devel -

oped above were used to derive such

levels for both soluble and insoluble
239

Pu. The derived values are given in

Table 151. The two methods agree within

a factor of two, at least for soil distribu-

Secondary:
60 150

Table 151. Acceptable soil levels of z “Pu for a source which has weathered for
several years. Values are approximate and arc subject to uncerts.inty.
Permissible Concentration in Air for 168-hr occupational exposure
(MPCa)25.

Insoluble soluble

Acceptable air concentration, pCi/ cm3 ~o-12
6 X 10-14

Resuspension-factor approach

Assumed resuspension factor, m
-1

10-9 10-9

~“
Acceptable soil deposition=, pCi/m2 103 60

Acceptable soil concentration, nCi/ g 20 1’

Mass -1oading approach

Assumed mass loading, Hg/m3 102 102

Acceptable soil concentration, nCi/g 10 0.6

aEquivalent to approximately 104 ~g of insoluble 23~fi//m2.

b
Assumes same distribution of

239
Pu with depth and soil density as measured at

the Nevada Test Site.

“MI-26
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NTS during the cascade impactor run was

measured to be 70 ug/m3.

Such derived values must, of course,

be used with a great deal of discretion.

They are based on simple model systems

which are believed to be generally con-

servative, but individual situations can be

imagined which could exceed the predic-

tions.

Other Considerations

The above calculations relate only to

the resuspended air activity in ambient

\
.

air, and do not consider the additional

problems of resuspension of material

from contaminated clothing or the resus-

pension of material which has been trans-

ferred to homes.

Healy26 has considered these and

other problems, and has provided tables

of “decision levels” for surface contamina-

tion levels and home transfer levels. A

decision level is based upon National

Council on Radiation Protection and

IVIeasurements (NCRP) recommended

dose limitations. Because the derivations
.

v 26
Table 152. Decision levels for soluble 239 ‘Pu, and their equivalent in soil mass

based upon the “acceptable soil concentration” from Table 151.

Pathway Decision level Wss eauivdent

A. Direct personal contamination

Direct inhalatio~a . . !2 X 10-5 rCi/cm2 1 x In-s gkrn.z

Direc~ ingestion O. 2 nCi/cm2 0.2 g/cm2

Skin absorption 8 X 10-4 pCi 0.8g

B. Transfer (to homes] levels

Resuspensiond 0.01 ~Ci/day 10 g/day

Direct inhalation 0.01 ~Ci/day 10 g/day

Direct ingestion 100 ~Ci/da~ 105 g/day

Skin absorption O. 03 #Ci/day 30 g/day

a“The contamination level on clothing and skin that cculd result in inhalation of air

at the MPCa for the public. ,,26

b“The contamination level on skin or cloihing that could result in ingestion of a
quantity of ‘radi~active material eq~ivalent to the ingestion of water at the MPC

,,~~ w
for an individual in the public.

C“The total quantity of radioactive material maintained on the skin for 24 h/day that

could result in absorption of a quantity equal to that which would be absorbed :rom
the GI tract if water at the hqPCw for “soluble” isotopes for an indi-~idual in the

public were ingested. ,,26

“’The amount transferred per day that could result in air concentrations due to.
resuspension in a medium-sized home averaging at the MPCa for an individual in

the public. “26



are rather tenuous, Healy has used the

phrase decision level ind states that its

use is to serve as a signal that further

careful investigation is warranted.

Healyl s decision levels for soluble

239PU are givenin column 1 of l%ble 152.

The values in column 2 are derived from

these and an acceptable soil concentration

of 1 nCi/g from Table 151 to give equiva-

lent dirt (soil ) contamination and transfer

levels. The results are interpreted as

indicating that the potentiai exists for

greater dose contributions from these in-

frequently considered pathways than frcm

the usually considered pathway of resus-

pension as calculated for ambient air.

This conclusion would be the same for

insoluble 239Pu. Therefore, if dose

calculations based on the usual resus-

pension pathway should appear limiting

compared to other pathways such as food-

chain transfer, these patriways considered

by Healy need to be carefully evaluated

for the specific Enew et ak situation.

.

.
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The pmFose of this ak~.,.---~vdhx is ta eval~lzte the F>te~tial annual

bone doses far adults an~ children far the six living ~atterns considered

in the Enewetak P,adiological Sur~ey Repart
(:T’Jo-lLo) . The bone doses

Fresented in XVO-140 were ~alc~lated fur .xineral bone 1“2T adults aS

integrated doses for >-, lCI-j 30-, and 70-yr ~rizds. 2me and wh~le-

bmi!y doses to children .~ere fi~t ~on~idereci separately kecause in ~ost

cases the doses predicted for adults are usualiy a gosi esti=ze of the

dose to childreri. Far example, the external gzrxa contributes sinilazlj’

in the ta’cks.
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INTRODUCTICLi

On September 7, 1972, the Atomic Energy Commission (AEC) agreed to

provide radiological criteria for cleanup and rehabilit.at<on of Enewetak

Atoll to the Department of Defense (DOD) and to the Department of Interior “

(DOI) . AEC also agreed to conduct a comprehensive radiolo@cal survey.

The purpose of the survey was to gain a sufficient understanding of the total

radiological environment of Enewetzl. Atoll to support judgment as to whether

all or any part of the Atoll can safety be reinhabited and, if so, to des-

cribe cleanup actions to be taken and any constraints.

Radiological survey field operations were conducted between riid-Octcber

1972 and nid-February 1973. Sanples tdien in the field have been analy:?ed

and complete results of the survey have been published i-s a Nevada Operations

Office docur,ent (iU’O-140), Ilnevetak lladiclo:~icd Survey, Vols. 1, 11, 111.

An abstract of lJVO-14i) is presented in Ap~endix 1 of tilis report, and the

“Surmary of Findings” chapter is reproduced here in Appendix II.

In July 1973, a Task Group was established to reviw t!le Survey ficdin~s

and to prepare cleanup md rehabilitation recommendations foz considcra:icm

by the Comxfssion. 14enbers

Dr. k’. liervik (LLL), Dr. I).

Advisors and consultants to

Dr. R. Conard (Iihl), Dr. H.

of this Task Group are: lfr. T. NcCrav (ALC./OS),

Ni.lson (LLL), and Mr. W. Schroebel (I,GCIIILLR).

the Task Group have included Dr. E. Held (.WC/Ri~:),

Soule (AEC/t!lfl), Ur. N. 13arr (4XC/DBcR), Dr. R.

}laxwell (AEC/D13ER), Mr. L. J. Deal (AEC/OS), and Hr. R. Ray (AEC/lNIJ). staff

liaison representatives fron Dlii\, EPA, and DOI participated in Task Group

tneetings.

The job of the Task Group ic to recommend radiological criteria for

cleanup and rehabilitation o,r lhc~.etak Atoll and to recomnend those rer.cdial
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measures and actions needed to reduce exposures of the Ihewetak people to

levels within these criteria , and to keep exposures as low as practicable.

The Tzsk Group, advisors, and consultants have carefully reviewed the AEC

Radiological Survey results; current information on the life style, diet, and

rehabilitation preferences of the Enewetak people; applicable radiatios pro-

tection guidance established by various national and internatior.al Radiat:on

Standards bodies; and current laws and regulations pertaining to dispcsal of-

radioactive waste materials.

The recommendations that were developed are those that, in the jucignent

of the Task Croup, advisors, and consultants, are most appropriate fox the

U.S. Government to talce to provide a radiologically acceptable envircmrwnt

for tile Lnewetak people considerin~ they will be long-terfi residents on the

Atoil.

TAS1; GROUPSTATZ1fHiT CO!;CER:lNG THE FJJ)IOLOCICAL SURVEY RESULTS———- __ _ -. .—

After thorough review of the Radiological Survey

mi:cs the following observations:

o The survey provides an exceptionally complete

Report., the Taslc

data base for

esti~ating radiation doses. It Includes tile results of m

aerial fiamna radiation survey of land area plus radiochmaical
4

data from the analysis of over 4500 samples of air, soil, se,?ir,ent,

water, and marine and land aninals.
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e The Survey report, plus the Master Plan for Rehabilitation and re-

settlement of Enewetak Atoll~ ~ provide an accurate~ co~prehensive>

and up-to-date assessment of the likely living patterns and diet of

the Enewetak people.

● “Several important components of the Enewetakese

now available on the atoll, or are available in

diet am either not

quantities which, are

small conpared to

available at all,

new; pandanus and

the needs of the people. Pigs and chickens are not

but will be reintrod~ced. No breadfruit is growing

tacca are growing only in scattered locations; and

coconut is growing in quantity only on the southern islands. 3read-

fruit, pandanus, tacca, and coconut must be planted and will be~,in

to produce crops after about ei@Jt years.

Radiation dose estimates for these foods have had to be based on

correlations with plants and anfmls ~ow present on the ~tnll and cm

inferences drawn from earlier surveys on Likini zu~d Rcnfielq. Tl~eTc

are many ‘data points, and these correlations provide the best. mnthoc!

currently available for estimating internal exposures. Nevertheless,

the method is not as reliable as direct ueasurenent of the foods

produced in the areas of concern.

● Air sanplin~ at lhm~*etak, accor.plished largely during a threz

week period in Decenber 1972 on unin>abitcti northern islands,

showed extremely lo~- levels of airborne radioactivity. coi3-

*“Enewetak Atoll Master Plan for Island Rehabilitation and llesettlenent,”

(3 Vols. ), Iloluics and ~arver, Inc., IJov. 1973.
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prehensive air sanpling during 12” consecutive months under

conditions closely approximating htman habitation and soil

disturbance would provide more accurate data on which to base

inhalation exposure

● The Knewetak People

principal source of

estimates .

advise that catchrrlent rainwater is the custmmry

water for human consumption. Except in

emergencies, water fron underground lenses is not consumed.

Samples of underground water were not obtained during the survey,

and radiochemical analytical data on lens water is limited to that

obtained from a few samples taken on JANET in 1971. A t?lorou~h lens

water sanpling, analysis, and assessment program requires smpling

throu~il a full rain-dry season cycle, 12 consecutive months at

a Dinimurn. Arrangements for sam?ling fresh water lenses are

being made.

e It is the opinion of the Task Crcmp that the results of aaditicnal

air sanpling or lens water sampling probably would not significantly

change the dose estinates in NWO-140 nor ch~nge the recoriencl:*-

tions of this Task Group.

lUDIATION CRITERIA RECOIE’U2JDEDBY THE TASK GROUP

A review of the radiation protection standards and guides considered h’?

the Task Croup to be applicable to Enewetali is presented in Appendix 111.

This review indicates that the nmmrical standards and radiation prstectim.

philosophy of both national and international standards bodies are sirilar.



Summarizing that appendix, the specific guidance and criteria used by the

Task Group in its assessment o.= the data and reconnended for cleanup and

rehabilitation of the atoll, are as follows:

G The population dose to the Ikewetak people should be kept to the

minitim practicable level.

@ A value of 50 percent of the Federal Radiation Council @RC)

Radiation Protection Guides (?J%’s) for individuals is rcconmended

for the criteria to be used in evaluating the various exposure

reduction options considerin~ that such exposures cannot nov* be

precisely determined.

The follo:~in~ values apply:

Whole body and bone marrow - 0.25 Rer;fyr

Thyroid - 0.75 Zem/yr

Bone - 0.75 Ren~yr

o The guide for gonadal exposure of the popula~ion shmlti. be -

4 remz in 30 years.

e The.guidance for 239
Pu in soil s!~ould be the following:’:

a. < 40 pCi/gn of soil - corrective action not required

b. 40 to 400 pci/grn of soil - corrective action dctermb.ed on a

case-by-case

c. > 400 pci/m

basis** considering all rzc?tolcgtcal conditimw.

of soil - corrective action required.

~ese values are reconmerided for

**See ApDendix 111 for additional

use in cleanup

guidance.

of Enewetak Atoll only.

.0
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ASSIXSllEl?T OF DOSES A.liD THE RESULTS OF ALTIXNATIVC CO?UUCTIVE ACTIONS

for

The Task Group approach for

the radiolo~ica.1 cleanup and

development of jud.~ents

rehabication of Enewetak

and reconmenciation

was to consider

a number of alternatives for exposure reduction thzt may be feasible. hasi(

m....

.

..

“=-’:%##’J’- i...

the procedure Involved four steps:

a Assessment of doses for ~ population Ii\*ing on the atoli in its

current radiological condition.

e Assessment of dcme reductions tl~at might be expected clue to rnodific

tion of the diet.

v Assessment of dose reductions that night be expected due to removal

of COTlt~?3iilatCc? SOil.

G m..----4 ---- ..C +1.-,-,. .*,.@.mV.<k.i<V: L... ,.. . . * . . . . .. . . . ..-”- “-.--.-.---..m~ r-~--~ -s(, <.{ -h +F.n nmn,tlari.an /.................------------ ..—---- -.-:- , -------...-

guidclines usec by the Task Group.

Tile Lnewetak lladiolo~ical Survey ?lep;mt (XI’O-lLO} ccr.tains estir~tcs

population doses on che atoll in its current radialo@cal condition for si

living patterns chcsen to be nest representative of the Znewetnk pco?le’s

desired l~f.e style after they return. In addition, dose esti~iitcs are na:

fGr each of these liv~ng patterns for each of the following corrective acl

o Gravel the village area and plow the villa~e island.

a Import pandanus and breadfruit from the sotithern islands (AL’JIll-

KEI’Ri) for inhahitancs of the northern islands.

e Import pandanus, breadfruit, coconut and tacca fronl the southern

islands .

e Import pandanus, breadfruit, coconut, tacca, and domestic mat f~

the scmthern islands.
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The estimates for 30 year whole bociy” doses in the Survey Report are

summarized in Table 1, and 30 year bone dose estimates are summarized In

Table 2, Note that the option for “Gravel Village Area - Plow Village

Island,” achives a minimal reduction in radiation exposure of whole

body and bone for all living patterns$ and those living on JANET would

have to import most foods to avoid exceeding a whole body exposure of

4 reins in 30 years. Population dose guidelines used by the Task Group

include annual dose rates as well as 30 year integrals for gezetis

doses. Tables 3 aiid 4 show estimates of the “inaxfmumannual whole body

end bone dose.*

In considczing the reduction in exposure

renoval of contanlnated soil, the Task Group has

predicted exposures are a?proxlmations cnly. pc ~ffe.~tl~:cncss of SUCII aCtf.O~C

to reduce internal exposures must be conf.irned throu[;h analysis of test

plantings.**

In its assessment of dose reductions that mi~,ht be possible

removal of contaminated soil, the Task Group posed the follok’iny,

“Given the dose estimates of Tables 1-4, and the dcse reductions

due to

q~zstiolls:

that can

be expected due to modifications of the diet, can equivalent dose reductions

be achieved by remcval of soil and, if SOS what volunz of soil woald have tc

be removed froz cmtaminatcd is18nds”? In order to address this questim

*A detailed description of the calculations leadln~ to the estimates in Tables

3 and 4 is given in Appendix 117.

*Whe Task Group does not favor soil removal as a dependable

exposure reductiori action. Howvcr, such action is re.vieved

Report in order to present a cwiplete picture oi’ the various

considered.

or feasible

in the Task Growp

possibiMtics
. . .
:“,

..
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one must know or have estimates of the areas to be used for housing and

villages, for growing panda~us and breadfruit, for growing coconut, and for

raising domestic animals.

Figure 1 shows the Ihevetak Atoll Land We Plaxn as presented in the

Enewetak Atoll Haster Plan. Of the northern islands only Enjebi (JANEI) is

expected to be a residence and agricultural island. Aej (OLIVE), Lujor (PEARL),

Arnon (SALLY),

to be used as

DAISY, IRENE,

islands.

Figure 2

Bijile (TILDAj, Lojwa (URSULA), and Ahmebel (VIIRA) are iriter.ded

a~ricultural islands , and the remainder (ALTC2, EELLE~ CLARA?

KATZ,

shows

14 housin~ areas

x 200’ in size),

areas (1,100,000

In order to

to be renoved to

LUCY, MAIIS, NANCY, and lJIL~) as food gathering and picnic

the land use plan for Errjebi Island (JMKT) , includtn$

(560,000 ft-, assuninS an avcra~e

a commnity center (200,000 ftz),

ft2), and cmmercial s!;ricultursl

housing are?. to bc 20!)~

subsistence a~ricultura]

areas (7,300,000 ftz).

get an approximation of the amount of soil that would ~lave

bring about a given dose reduction, one needs to dete~lfne

the three dimensional distribution of the radioactive contaiiination. ~i~ure ~

shows the average

depth of 15 cm on

90
Sr activities (pCi/CTR) in soil samples collected to a

J.VJET. Siriilar fi~ures for
137 60C0 and 239PU ~d~x.Lo foun,

Cs, , .-

Appendix II of NVO--14O. ln addition to the 15 cm deep sanples, rmli.oactivity

distribution as a function of depth (“profile sanples”) was measured in

fourteen locations on .TiNJ.H’. Data frm~ these profiles arc presented in

Figs. B.8.2.a-n of Appendix 11 of NVO-140. Inspection of these profiles

indicztes that, on the average, about 40 cm of soil would have to be removed

to reduce the activity in the top 2 cm Iayer.by a factor of 10. In addition,
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as the depth increases the slope of the activity -vs-depth curve tends to

decrease, i.e., the activity levels do not go to zero,

than 100 CU1.
90~r

Table 5 sh&s pertinent data for .

even at depths greater

In an attenpt to quantify this distribution and obtain an approximation of

the “avera~e profile” for calculational purposes,
90

Sr and
137

Cs datz fc”r each

fourteen profile samples have been re~roduced in Tables 6 and 7. The average

90
values for Sr for each sampling de~th are plotted in Fig. 4. It is apparc~t

from the surface to about 30 cm the
90

Sr specific activity is decrczsing with
,

a “soil half thickness” of 8.4 cm, while in the 30 to 85 cm depth range the

half thickness increases to 22 cn. The levels to not xet as low as those found

on the southern islands (%0.5 p!H./gn) at any depth down to 180 cm. ThQsc

profile saimples which lie in or clcsest tc the subsistence agriculture areas

of Figure 2 have “bez~ avera~ed and plotter! in F5g. 5. In this set, Lhc hdf

thickness is only 4 cm from tl~e surface to 10 cm. huc increases to 25.5 cu

in the 10 to 85 cr~ depth range. Similar treatuent of the
i37

Cs dat:. is

plotted in Figs. 6 and 7. In Fig. 6, where z1l ~aples are averaged, ‘the

half thickness is 4.5 cm down to about 10 cn, and 12 cm from 10 to 85 m.

Levels-equal to those found on the southern islands (6.0.2 pCi/gn) arc found

at depths below about 100 cn. ln Fig. 7, the subsistence agriculture case

gives a half thickness of 2.7 criI down to 10 cm, and 17.8 cn frcn 10 tc 83 cz.

For botl]
90

Sr and
137

Cs it is apparent that the profile avera~ed over all.

samples is more consemative than is the profile for subsistence a~ricultural

areas for estimating the affects of soil rcnoval: therefore the Task Croup

has used Figs. 4 and 6 for estima~ing dose reductions that tight occur due

to removal of soil.
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In making these dose reduction approximations, one must keep two things

in mind; first, that the ltVO-140 does estimates for terrestrial foods grown I

an island such as JAMIT are based on correlations between certain indicator

plants and

foods S@l

that these

average soil concentrations in the 0-15 cm samples (Fig= 3) sir;ce

as pandanus and breadfruit were not found on .JAN2T and, second,

concentrations are averaged over the 0-15 cm depth of Figs. 4 anc

Estimates of dose reductions to be expected due to renoval of soil to a give

depth, therefore, require an estimate of the ratio of the averafie concenrra!

of the nuclides of concern in the 0-15 cm depth of the newly ex~osed surfact

to that for the surface which is present now. This approach does not cons~.,

che radioactivity in the soils deeper than 15 cm which may be ii~portant,

particularly’for plants with roots that penetrate deeply into the soil. ‘la

90 137
presents these avera~e concentrations and “ratios for Sr aad Cs for eac

incrcrient from. the present surface down to 105 cm as derived from FiCs. 4 c

These estinatcs indicate, for example, thzt removal of 15 cn of soil nk>y r:

the terrestrial food dose due to
90

Sr by a factor of 3.3 and that due to

137
(k by 3.2. Nowever, such reduction ray or may not be actually achieved

There is no experience to support these reduction levels.

Using the data of Table 8, one nay assess the dose reductions that mi

occur due to s?ecific cleanup actions on J~TLT. Table 9 shows the doses

that might occur due to seven different conditions. Case D represents

99~-
the contributors to the 80 Rem bone dose of Table 2 using values for .

137 Cs averaged over all of JMJET. Case D1 indicates that if subsistence

agriculture is limited to

90 137CSshore) the Sr and

resulting 30 yr hone dose

the area shown in Fig. 2

levels may be reduced to

becomes 57 Rem. Removal

(i.e., along the lagoo~

such ~? exter.t that t.ni

of a half-thickness of

/ .
t
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137
Cs (4.5 cm) in the residential areas has little effect since that action

influences only the external gamma dose. Removal of successive 15 em lzyers

of soil in the subsistence agricultural areas, however, may reduce the bone

dose by si~ific~nt amounts. Removal of the top 15 cm layer,

may reduce the 30 year bone dose from 57 Pen to 19 Re~~ while

additional 15 cm may brin~ the dose down to 10.7 Rem.

Since soil renoval-vs-bcme dose reduction would possibly

for exa~ple,

removal of an

be most effective

for pandanus and breadfruit, a variation on the estimates of Table 9 may be

obtained by preferentially stripping soil in areas where these trees are

to be grown.

grown in the

of soil have

For case D-1, for example, if pandanus and breadfruit are

subsistence agricultural areas only in sections from which 15 cm

been renoved, the resulting bone dose may drop frcm 57 Rem to

-i T&r, f:2.7.1 \A.<., :7 22.: -: Q.:>c *L ::,7-4= ..JJ4+4..- ..1 1 c “w. 1 “..r.-r :e VC.+.in.?r.rl,. ....A..-* . . . . . . -- _ --, - . -- ---- - -- :

the dcse nay drop to 23.7 km.

achieved is through

outside the atoll.

The naxicm.. dose reduction that can be

importation of clean soil from the southern isiantis or fron

90
Sr concentrations in the average profil?(’rable 6}

do not get as 10V as those on the southern islands even at a depth of

180 CKil. To achieve this moximm effect, however, sufficient clean soil has

to be imported to encompass the entire root systen of the mature trees and

the water supply for these crops must no: have
90

Sr levels higiler than those

found in the southern islands. Any replacement soil should be coarse and

granular. Such soil is less likely to blow away or wash zway. Given these

conditions, the 57 Rem bone dose of case D1 may be reduced

(57-39.1 + 2.1 (0.45) (the 2.1 Rem fron Tah~e 241 and 0.45

of NVO-140).

to 18.9 Rem

fron Table 243
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As to the question of whether equivalent dose reductions (equivalent to

reductions obtained through modification of the diet) could be obtained

throu@ renoval of contaminated soil, the Task Group holds the opinion that

some reduction is possible. However, the magnitude of this reduction is

uncertain and can only be determined reliably through measurement of the

radionuclide content of the important food items such as paiidanus and bread-

fruit grown in the modified condition. This would require z research effort

to grow test plantings of the various food crops in the soil renoval and

replacement areas using varioas fertilizers and trace minerals, and analysi$

of radionuclide content of the fruit produced. There is the possibility th:

radioactivity in the fruit could be relizbly pretiicted fron a~alvsis of

stem and leaves of young and as yet u:~productive plants. This \iot,ild rcqti

additional study. Consicierin~ the tine required for such stui?fe.s and

that the levels of radioactivity in soil are being reduced by radioacti~ve

decay and weathering, it nay take about as long to return people to ~A.l;CT

using soil removal and confirmatory studies as would be needed h’ithout suck

actions.

In the commercial agriculture areas of JANET and the other northern

islands the item of concern j.s the radioactivity level of coconuts (i.e.,

“Can the Enewetakese sell their copra?”). Data in IWO-140 (p: 560-562)

indicate that 137
Cs is the principal man-made raciionuclide found in coconti

137 137 137neat, with the relationship Cs (ccpra! = 1.3 Cs (soil) at Cs soil

40K i
concentrations greater thaii 4.7 pf2i/gn. NWO-140 also indicates that

found in copra at an average concentration of 6.8 pCi/&. Since
40

Xiss

naturally occurring radionuclidc and is always present in copra, it seens

able to judge the marketability of ccpra Erown in Enewetah Islands on the
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137
Cs content relative to the naturally occurring

40K 137CS
of its . If the

in soil is less than 5.2 pCi/gm, for exanple, the
137

Cs content of the copr:

40
produced may be less thti its K content, and one might argue that its marl

137
ability should be unaffected. Table 10 show the mean Cs soil concectrz’

137
and soil removal actions that may redcce the Cs concentration in copr= c

1{ for all nortnem islanas

and C’&P&, pl~ttcd in Figs.

calculations for each of the

area in its currenc

40.- - .- . . . . .
\,alues eqtlal to and twice that of the natural

(average profile data for PEARL, ALICE, BELLE,

8-11 and included in Table S, were used in t~~e

islands).

On JANET, for exanple, the commercial a&riculture

137
condition should yield cogra with an averzge Cs /401;

about three. c ~oi~ ~~? r,~udce this value?,emoval of a 6 cr, thick. layer CL

to two, and removal of 14 cm nay result f.n copra with equal conccntratims

of 137 40F
Cs and . . Itote that for isla::ds plrmn~d to be used for connercial

137
agriculture, it is possible that orjly J.41iCl’ and IZARL have Cs soil valL

hi@ enough to yield copra with a
137

Cs/401; ratio greater thrm 2. Te.t

plantin~s of coconut would be needed in areas where renova] of scil h=s

been conducted and the level of
137

Cs in coconut meat a~alyzed before any

comnittment is made for plantin~ of coconut trees in commercial quantitie:

Nith additional study it nay be pcssible to predict with ccmfidcncc c?le

level of
137

Cs in coconut meat th~ou~h analys~s o: stems and leaves of

immature trees. This would save time.

,5
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DTSPOSfi OF COXTAWIATED MATERTAL

For disposal of contaminated material, there appear~ to be several

categories, each requiring separate consideration:

1. Contaminated scrap, non-plutonium.

2, Contaminated soil, non-plutonium.

3. Contaminated scrap, plutonim.

4. Contaminated soil, plutonium.

5. Pieces of plutOnXum”metal.

SorKe of the above are below the ground-surface such as in blirial sites.

Some fc near the surface such as the pieces of plutonium metal on YVWHZ.

With regard to dispos~l, the Task Group considers it appropriate to cite

the objectives for dis?osal, to list pcssihle approaches for di~?osal, ad.

to suggest pcssible interim neastizes where”appropriate.

Table 12 and the discussion in NV-140, Vol. I, conta~.ns i~fOr~~tiOn o~

known or suspected burial sites for radioactive debris. The ~~Qlncs and

l{arver “lh@neerinq Study Far A Cleanup Plan, Enewctak P.toll-l%rshall

Islands,” Hn,-1348.1, contains information on the location and quantity of

other above ground contaminated scrap.

Considering the relative short radiolo~ical halftixies for the fission

proilucts and induced radioactivity found on such scrap and debris+ the ‘ias’

Group suggests that the objective for disposal is to make this c!ehris,

particularly scrap metal , unavailable to the people when they return-

Possible approaches for disposal are:

1. Disposal in water filled and undewater craters.

2. ShalLm land burial wherein t!x rzdlation level of the scrap

is not si@ficantly greater than tha radiation level on land,

. .

[“; :

\l#...



3. Disposal in deeper porticms of the lagoon. It is expected that

this would be a modest addition to similar material already there

from past test operations.

For contaminated soil, other than plutonium, the Task Group

recommended removal of such soil and therefore there would be no

to select a method of disposal. If such disposal were required,

has not

requirement

the objective

would be to assure that there would be no pathway for any exposure of the

Enewetak people to this radioactivity and a minimal followup requirement too

insure that this situation continues after disposal.

The Task Group view is

of plutonium in the form of

magnitude than for fission

the Task Group has assumed

that there is no potential

1

1

that because of its extremt long haif life, disposal

contaminated soil and scrap is a problem of greater

~roduccs and induced activic;~ . In its delibcraticzs~

that the disposition of such material, will be sucl~

for exposure of the residents of the atoll once

cleanup km been completed. This is then the cbjcctive for eleanu~.

l?ecommmendations which follow will treat the questions of how to approach

recovcrv of the higher levels of plutonium contaminated soil and the pieces

of plutonium metal, and Appendix III of this report contains .wiaznce on

decisions to be made on whether removal of plutoniun contaminated soil is

justified on various islands. It is the tiew of the Task Group that as a “

tinimm, cleanup must accomplish the recovery of the plutonium contaminated

materials, soil and scrap, from the

with placement in stockpiles as few

get better control of the materi.ala

various islands includi~g buried scra?,

in nunber as possible.

and to minimize spread

The object is to

of contamination,
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YVONNEmay be a

continued until

Task Group that

suitable site for such stockpiling with the quarantine

proper disposal is accomplished. It is the hope of the

deliberation and decisions on disposal of plutonium contaminate

soil and scrap will not delay other cleanup and rehabilitation actioas.

As

1,

2.

3.

for considering disposal, there appears to be three possibilities:

Disposal wherein there is an irrevocable conmittrnent of the

contaminant to the environment.

Disposal wherein, with some difficulty, a later decision could

change the =thod of disposal.

An effort made to find a way to reduce the volume

requiring disposal in either way (1 or 2) above.

The following ideas ‘have been put forti~ for disposal

soil and scrap:

1.

2.

3.

4.

5.

and amount of naterii

of pl’vtonium c.ontmd

Disposal of plutoniun contaminated scrap in the deep lagoon or

deep

Make

deep

ocean.

the contaml.nated soil into concrete blocks with disposal in

ocean or through burial on land.

Disposal of contaminated soil

deep drill holes on land with

Disposal of soil end scrap in

a thick concrete cover.

Return of these materials for

as concrete blocks.

Any ocean disposal plans mxst be

in the form of cement poured into

the scrap added.

the water filled craters oc YVO.C?E

burial in the U.S. in packa~ed form or

coordinated with the Environmental

Protection Agency. The Enewetak people should be informed of any plans



for land burial within the atoll.

It may be possible to reduce the amount of material requiring cii.sposal

by removal of the plutonium from the most highly contaminated soil. The

Taak Group does not have adequate information to determine whether this may
c

be feasible. Research to determine whether this can be accomplished could be

ccnducted tith YVENIZ used as the study site.

TASK GROUP03SERV.4TIOHS MD CO.!CL?JSIO!?S

Ir. the radiologically complex Enewetak Atoll environment there are a

IarGe nurher of options that may be considered for cleanup and rehabilitation

of various islands. The Task”Group has coilsidered as many of these as

possible in the time available. To the. extent possible the Task Group has

attempted to arri*w at a consensus of opinion arnon~ the drafting Group and

its technical advisors. Cocments on draft nate.rial. have been colicited

fron staff ~f several Federal agencies. Their

the approach to development of recomnendati.olis

changes of a technical nature. Regarding each

suflficstion:; have infltienccd

and have led to nunerous

Optionl the follo~.ing have

been considered.

1. Determination

comparison of

criteria.

of the radiological

predicted exposures

exposure to be expected

wtith accepted radiation

and

exposuxe

2. The feasibility of actions or restrictions inherent in the option.

3. The effectiveness of the option in bringing exposures within the

criteria and any uncertainties regarding the effectiveness.
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4. The possible impact on the ?hswetak people and on the environncnt.

Choice of the best overall method for reduction of exposures to the

lowest practicable level is a nattcr of judgment and opinion. The Task Croup

has deliberated whether actions of an en~ineering nature such as soil ra-.o~al

are preferable to actions that would restrict use of certain islands for

permanent habitation and food production. The adverse impact of engineering

actions on the atoll environment and the uncertainties regarding effectiveness

have been tiewed on the one hand, and the question of the extertt to wilich t-he

Enewetak people wotild conply with restrictions on the other.

NVO-140 and this Task Group report present the radiation doses that nay

be associated with a broad rznge of options and provide data for calculat.ia~

and therefc)re options - were considered il: natrix form (e.g. , livin~ patter~)

vs. diet, cr diet source vs. amount of soil removed). L%ilc these natriccs

serve to indicate in detail the ran~e of conditions to be found on tile atoll,

the Task Group fc,els that its’ recG~en~atiG:ls are presented ncre effcc~i~!c~.: 5

narrative form.

There are three basic questions to bc addressed: e.~.v “Is the rac?iati.nn

environment acceptable or can it be made acceptable for the Enewetak people to

return to their atoll,” “ Is the radiation environment on Enjcbi acceptable

or can it be made acccptabic for t~le people to return~” ~d “Art? there islands

whicl~ are not zccep~able far pi:ople to ccnduct their norn.al agricultural and



social activities, and, if so, arc there any actions that could be taken or

restrictions imposed that would keep exposures within acceptable criteria?”

l!ithin this franework of data

focused attention on the following

Option I

a. No return of the Enewetal:

b. Iio radiological clesnup.

and basic questions, the Task (%oup has

options (see Fig. 146, Appendix II):

people.

This clearly represents a no-cost, no-racliation-dose option. Just as

. clearly, it runs contrary to the expressed wishes of the Enewetak people, In

addition, choice of this option cannot be defen6ed usir.g current radi,attan prcl-

tection philosophy and standards since the predicted exposures fcr person? ll~fi.:i:

on the southern islaxds are well within sccc?tchle standards.

--,
C)}]ii.Jll AL

a. Return to the scuthern islands (AIJJI:l-KEITii).

b. A~riculture linited to the southern islands.

c* Travel restricted to the southern islands.

d. ]:0 restrictions on fishirt~.

e. ?io radiolo~ical cleanup.

This is an option with zero cost for radiological cleanup that results

in population doses well belaw the guides (I@.r A of Tahlcs 1-4). lt di~~crz

from later options in that it leaves the probl.ens of contaiiinated scrap in

many areas of the atoll, and tlw PU in soil on YVOlW12, IRCX, and in the b~rifil

sites on SALLY, plus generally contaminated areas on ALICL, BELLE, CLAP.’.,

and PEARL, unresolved. Such a choice would establish the need for off-linics

areas in perpetuity, at- least for Yi’CXIl:E,since the metallic Pu is expected

tc be present on the surfac.c of the islaiid Inc!cfinitcly unless cleznu? Is

[ : ‘~:+

2’



performed. Under

Federal standards

the contamination

current conditions there is a potential for exposures exceeding

throuah the inhalation pathway and the possibility of spread of

if access to the island is not controlled. This accounts for

the current quarantine of the island. Limiting all agriculture to tile southern

islands is difficult to justify because some of the northern islands are iightly

contaminated. From Tables 1-4, for example, it can be seen that limitin~ only

the ~rowth of pandartus and breadfruit to the southern islands would permit all

other substance agricultural practices on JAI?ET-WUULI without the radiation

exposure cr~.teria being exceeded. Sitilarly, it is difficult to justify lin%tin:;

travel to the southern islands since the axiibient Camma levels on the northern

islands do not represent a si~ificant external exposure potential for

occasional visitation.

Ol>tion III..—.

ii.

b.

c*

d.

e.

f.

Return to the southern islsnds (ALVII;-KIZTH),

Substance A&riculture limited to the southern islands plus JAl:i:T--1!Illl.

except that pandanus and breadfruit are limited to the scmther~l islads

:Io restrictions on travel.

No restrictions on fishing.

Remove Pu contamination on YVO?ZJE,. IPUNUZ and the SALLY burial sites.

Remove radioactive scrap.

This is one of the less expensive options in that it requires removal

of only the most seriously contaminated materials. In practical term, it

maxinizes unrestricted use of areas of the atoll havins low radioactivity

levels, leaves no hazardous le~acics for the indefinite future, and permits

living patterns which, with high confidence, are expected to result in populatia’

doses well below the recormcnded radiation criteria.



This option does not specify acticm a&ainst radioactivity in soil of the

islands such as ALICE, BELLE, and CLAM, nor does it recormend that residences

be built on .?AIWT. By implication, therefore, rescttleroent of JANET would have

to wait for radioactive decay and weathering processes to reduce contaninatic>

levels to acceptable values on these islarrds. Since the predominant isotn~es,

137
Cs and

90
Sr, each have half-lives of thirty years, the waitin: period could

be slightly raore than one generation for each factor of two reduction in dose.

On the other !land the reduction could proceed at a sonew]lat faster rate. Or.
marrow

JANET, reducing the.maxinun annual child’s bone/dose from 0.72 ren/yr (Table

4, Case D-I) to the guide level of 0.25 rcn/yr through natural decay of the

90 about
Sr wcmld theoretically require a wait of/50 years considering only rrkiolo~ic~

decay. It is not expected that such a reduction will actually tai:c that Icms.

option IV

a. All of Option 111 a, c, d, e, and f, plus:

b, Return to JMXT and build residences and conxunity cent.cr in locztic>~

shown on the i!aster Plan.

c. Remove a ninimm of 30 cm of soil in ail areas where pandanus and

breadfruit are to be grown on JNWT; import clean soil in vhich to

establish these plants; or inport pandanus and breadfruit from the

southerm islands.

If these actions proved to be as effective as the theoretical predictions,

this would permit return of the Enjebi pecple to their island. It shou~d be

emphasized, however, that even with the above actions, predicted doses arc

near or slightly above the criteria for annual exposures and also above the

30 year criteria. The levels ~re expected to be well above those of Option III

..-- /. .. ..
t;.+..:.



Option IV c describes three ways in which essentially the sane end can

theoretically be achieved. Importation of food is the rast dependable action

but this inposes a long-term burden on the Enjebi people which they nay find

objectionable. Removal of soil alone is another alternative, but the

effectiveness of the action is uncertain for reducin~ population dose since

90
Sr and

137
Cs are found so far below the surface on JMZT. Importin~ soil for :

of subsistence crops such as pandantis and breadfruit would possibly reduce the

dose from these foods to levels comparable to those found on the sout!lern island:

provided that sufficient soil is imported to encompass the entire root systen

of the mature trees. l.le water supply for these crops. rmst not have radio--

activity levels hi~hcr than those in the southern islands. Iicx7 this can be in:”~~’

is net obvio~s at this time.

‘lIle l~SiL GL-OUp considers U]>Li@i 1; d-c, by i&S~ii, Z(J iJ2 “tii”liiCiC~CL:U~.2 C-AL

tli~S time. Even with the actions and restrictj.ons indicated, exposures

would be too hi~h to provide an acceptable rmr~,in within tl)e criteri=. ~~:,

is especially true for children born at about the tine of rehabitation.

Importation of food fron the southern part of the atoll or oti]er sources is

believed to represent an impractical solution to the problem of excessive

internal exposure. Use of a layer of clean

is not known to be effective , wo(~ld be hard

a= experiment involving the Lnjebi people.

soil in areas for food production

to regulate, mld would cor,stitt:tc

In addition, use of clean soil.

for subsistence crops may have little affect on levels of radioactivit;~ in

domestic animals and coconut crabs , which range over the entire island.

Since Option IV a-c is expected to result

slightly above the radiation criteria, further

in population doses near or

dose reduction nay possibly

be achieved by:



d. Removal of 15 cm of soil in the subsistence a@cultural area of J&5T.

c. Removal of 15 cm of soil in the c~.ercial agricultural area of JAliZT.

137CG
These actions result in a theoretical reduction factor of 3 to 4 for .

and 90 Sr in the rrmainin~ to~ cm lmjer of soil - or have rowhly the s=~

‘

theoretical effect as waiting sixty years for radioacti-~e decay to take place.

Whether food crops would show a sinilar reduction is uncertain. This a.cticm

would possibly result in an ultimate findinE that’ doses would be below the

criteria but above that expected for people living on the soutllc.rn islands .

?Iost significaxitly, hm?ever, inplencntation of Option IV a-e would renove

a minir.lum of 15 cn of soil from essentially the entire island of J#!!lT. Since

the top soil on t5at island is charitably described as neater, such actic~

would leave JAI;LT a sand islsnd. Heroic actions would be rcqud.red to eicli~~

reconstitute the rev,ainin~ soil thrOIJ~h use of fcrtiljZerS 2Rd other

additives, or ir.port top soil sufficic~it .to support subsistence and commrcial

agriculture. Vith any of these actions a period of tine would be requir:.~,

possibly as long as 8-10 years, or until. test plantings of coconut, pandznus,

and breadfruit are grown and analyzed for their radioactivity ccmcent, befc~re

a decision could be made to settle people on J.ViLT. An additional

8-10 years would be required after a decision to plant subsistence

period of

and

commercial crops
.

in quantity before the island could support its inna5~tsr&cs .
,.

&t_ion V

a. All of Opticms I’J a-e, plus:

b. Removal of a minimum of 10 cri of soil fron PIMRL.

c. Removal of a minimm of 47 cm of soil from ALICii, 14 cn fron EELLL,

and 10 cm from CL}~.
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~ d. If pandar:us and breadfruit are to be grolm on northern islands other

than JXIET, the criteria of Option IV c should apply, i.e., plant in

90
soil having a Sr content of 4.6 pCi/gIX or less, or bring clean SOil

to the island with a depth sufficient to contain the roots of these

trees.

If these actions achieved a level of exposure reduction as large as the

calculational result, this would permit use of the entire atoll accordin~ to

the Ilaster Plan. This option is clearly much more expensive than other

7 soil and requires recon-options since it requires removal of additiona.

stitution of soil in the cleared areas. Consideration of these actions as
.,

a viable option is clouded by uncertainties re~arciin~ the exposure reduction

that can be achieved through ‘Ilartial soil removal and by selective soil

replacement.

presented in Table 11.

RECO::tii;:DATIOl;S—-—-—

After careful review of all zvaila51e radiolo~ical data the Task Croup

members ‘ specific recommendations are as follows:

1. The people of Enewetak Atoll may be safety returned to their honc-

land provided certain actions arc taken and precautions 05servea.

2. In the interest of acl~ieving a mininum practicable dose for the

Enewetak people the Task Group recommends that:

a. The first villa~cs and residences be constructed on lXJIZR, FRED,

DAVID, or 0:1 any of the southern islands (ALVI;:-KEITI1) that ttte

Enewetak people choose.

. .. . . {



b.

c.

d.

e.

f.

~“

h.

3. It

Growth of all subsistence crops such as pandanus, breadfruit,

tacca, pigs, chickens, and all other terrestrial food stuffs

except coconut be limited to islands ALVI1&lUXTII.

Subsistence and commercial coconut may be grown on any island in

in the atoll without any remedial measures except ALICE, BELLE,

Cti, DAISY, IREI{E, JAIZT, and YVO;WE.

Fishing be pemitted m-y~here.

Travel be unrestricted to all islands except YVO:il;E.It’lien the PU

contamination on YVCX:?JEiS renovec?, the restriction of travel to

that island c.an.be lifted.

Wild birds and birdls eLgs be collected anywhere.

Coconut crabs be coil.ectcd only on the soutl~cm isknd.s.

Wells which are intende(l to nrovit?c lens water for ?lunari consmpt-; .-.’

or for agricultural use be drilled only oxi the southern islands.

When drilled, water from each %TC1l should be checl:cd for bz:cteriz,

salinity, and radioactivity coriter,t before tile -well is apprcwcd

for use.

is recognized that the people of Enjebi have a strong desire to

return to live on that island. The island contains three ground zero

locations ‘from nuclear tests and was within abo~t three tiles of ti~c

Mike event that had a total yield of about 1!) ltegatons. Enjcbi

was the nest heavily contaminated of the larger islands in the atoll.

The Tasl~ Group has been unable to determine any way in which radiaticv

exposures can be brought within the acceptable criteria, that is both

reliable and feasible, in order to resettle Enjebi at the sane tine as

islands in the south of the atoll. lt is reasonable to expect that

(:: ;;:;

“,
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4.

5.

6.

one day the island can he resettled. There appear to be two

possible approaches:

a. Soil renoval followed by studies with test plantings to deteruine

whether exposure for Enjebi residents would be k’ithin acceptable

criteria. o

b. Conduct of studies usin~ test plantings to determine when e:.~osures

would be within acceptable criteria but no soil renoved.

In either case, housin~ construction and plantin~ of subsistence and

comnercial,crops would be deferred until research with test plantin~s

showed acceptably low levels of radioactivity. ‘he Task Group

recommends the second approach as one havins xnininal adverse irpact

on the island environment.

fooci crops

produced on PEARL, CLARA, ALICE. and iKLLS. YVO::l:E

be incladed after removal of plutoniun contaminated

Ali radioactive scrap netal and cont~~inatcd debris

should also

soil .

identified dur:nr.

the Holmes and Narver Engineering Survey should be removed. If

additional contaminated debris is discovered in the course of cleanup

and rehabilitation operations, it too should he removed. Spi?cificzlly

included in this recommendation are the three locations cm 52A~Y and

one on HdfEP. where contaminated debris is known to be buried. This

debris should be exhumed and removed.

The quarantine of YVOXW shodld be continued in effect until the

plutonium contamination on that island is reduced to acceptable levels

Should any Enewetak people return to the atoll before cleanup is

Y 1s. -
\

.
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begun or before completion, an authority respoii~ible for enforcer.ent

of the quarantine should be identified snd should be in residence

in the atoll when people return.

7. The distribution of plutonim col;taminatioi: on YVOl:Z’is sufficiently

complex that specific recommendations for cleanup cannot bc presc.need.

It is expected that the true picture of th~s contamination will u~folti

as the decontaniriation effort proceeds. i~rcsented are sone of t?lc

requircrmnts and objectives that will establish a bacl:~round from 1.T?lic3

plans can be nade for recovery of PIutoni~I ‘n ‘vO;]~;];*.,

a. Decontaninatio]l Gf YVOIWL is seen aS an iterative ;~rGces~~ n~nei?>

removal of soil, wnitorin~ of radio=cti’~ity levels, and re:lc”:al

of w7:2 soj.1. TIIis Nlounts to a se,ar cl) ior t.;15 hi:;;~cr plu ton; E-!

lf2vci5 and recluctioz of !-ilese Lo the lGi:~:,t llracLJ.~~:I}ie v;!iuC .

b. A te a-.} of e~.pc rts should be .asscnb led k7110 car. nake ~rld intery rc’ t

ficl.d radistio? and radioactivity neaswmcnts, ad’,’ise on cle=~.:1~

actions, ,and provj de ncces,siary hcaltil pilysics suppo~-t includ~:lr

protection of workers, dccontai~linatiorl of worl;crs anJ e~ti!~~~~it$

and packa~ing mid handlir~C of collected plutoni<un.

c. The objectives of the cleanup are two:

(1) =ecover’y of the pieces of plutoniun chat have been observe?
//

on or near tb.e island surface. Sone contain

.L .,’
quantities of plutoni.un netal and are easily

,P .
“&; :’ T field survey iristruments such as the FIDLT;R.

(2) Recovery of plutonitm contaminated soil. To

cen~ratior:s are shmm in the survey pi-oiiltsamples .

. . >----
---

~.,



Living
Pattern*

A

B

c

D

E

F

I

Current Condition
(no corrective
actio3)

1.0

4.4

5.7

IL

14

31

II

Gravel Village
Area - Plow
Vlllege Island

1.0

4.4

4.4

8.9

13

.“24

111

Import
Pandenus and

Breadfruit

1.0

2.2

2.7

4.4

6.6

11.3 “

Iv
Impo~andanus,
Breadfruit,
Coconut, and
TaCCE

1.0

1.9

2.4

3*7

5.7

9.1

v
Impc=andenu:
Breadfruit
Coconut, T&cca,
ard Mat

1.0

1.3

1.8

1.9

3*3

3*5

—

*
Living Pattern Village Tsl.and .CqrjcultLy~ Visitaticz

* ~=-,~~y.— 1- .--— .-.-—. .—-—-:.- —... . .. .. .-... A ..A&I -U-’&-L/ >ii’.”Lb
*V U; y------ ~.---

U.1. vk~.. i’LQA.i LUL.”.lLLA.

B F.RED/EIIIIZR/DAV15 .KATEthrough WILMA. Northern

c JANET KATE through KUMA Northern

“ “D JAIIEI JANET Northern

E JAN~T ALICE through IRENE Northern

F BELLE BELLE Northern
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Living
Pattern-.

A

B

c

D

E

F

T~~” 2, 30 Year Integral. Bone Dose (Rem)

I

Current Condition
(~~t:~fective

3.8

35

37

80”.

135 “

220

II

Grsvel Village
Area . plow
village Island

3.8

35

35

78

134

v“213

III

Import
Pandanus and
B~eadfruit

3.8

11.5

12

23

38

6~ ~~

TV v
lrnpor~andanus, Import Pandcmus:

Breadfruit,
Coconut and
Tacca

Breadfruit,
Coconut., ?%cca
anti Meat

3.8

9.1

9.6

18

27

43

3.8

4.1

4.6

4.7

6.1

6.3
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Living
Pattern

A

B

c

D

E

F

TABLE 3. Maximum Annual lL-iol.e Body rose (Rem)

I II III Iv

Import Import
Current Condition Gravel Village Pandanus Pandanus,
(no correct ive Area - Plow and Breadfruit,

action) Village Island Breadfruit CoconutlTacca

o.039/oeo39* 0.039/0.039 o.039/c.039

0.234/0.236 0.125/0.128 O.Ogl/O.izz

0.237/0.241 0.128/0.133 0.093/0.127

0.54Q/O.542 0.245/0.252 0.146/0.187

0.749/0.761 0.350/0.367 0.246/0.328

1.56/1.55 -r 0.662/0.663 0.357/0.475

*Child/Ad’uit - both starting Jan. 1974.

v

Import Pandanas,
Breadfruit,
Coconut, Tacca,
and Neat

0.039/0.039

0.090/0.083

0.089/0.094

0.087/0.097

o.182/o.211

0.192/0.191
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TABLE 4. Maximum Annual Bone Marrow Dose (Rem)

1’ II III

Import
Pe.ndanus

and
Breadfruit

0.047/0.045

n

Import
pandanus,
Breadfruit,
Coconut,Tacca

0.047/0.045

v

Import Pand&nu:
Breadfruit,
Coconct, T:c~a:
and Meat

Gravel Village
Area - Plow

Current Condition
(no corrective
‘action)

o.047/o.045*

Living
Pattern

A

Village Island——

o.047/ooc45

0.097/0.0910.122/0.1300.148/0.1490.314/0.294B

0.0961’c.0960.121/0.135o.317/o.3coc ,

o.094/c.0940.293/0.294 o.168/o.20A0.718/0.677D

0.184/0.2150.253/0.3?40.428/0.4371.(!6/0.989E

0.199/0.1930.415/0.516o.”~85/o.7742.08/1.92F

*Child/Adult - both starting Jan. 1974.

03’1
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Depth to Reduce

Profile Sample Act. hY Factor
Number of 10

100

135

136

137

138

139

lb

141

142

143

144

145

147

901

(cm)

7

56

> 100

1:

9

12’-

66

12

60

> 100

76

18

25

25

Av . 42 cm

90Sr Act. in
Top 2 cm Top 15 cm

(pci/gEl)

3&l

18

14

34

100

410

54

100

90

21

50

27

87

110

105.4

Mean
90 Sr concentre~ion ffi toD 15 (Xllsamples:

JANET: 44 pCi/gm

Southern islands:

DAVD, ELMER, FRED: 0.41 pCi/gm

All ethers except

LEROY: 0.52 Pci/w

150

10

17

16

28

220

95

39

95

31 ,

46

26

200

185

82.7

90Sr Act.
Below 100 cm

Max. (pCi/gn)

11 (50 cm)

1.3 (100 cm)

3.6 (100 cm)

2.1 (130 cm)

1.3 (150 cm)

5.4 (150 cm)

4.8 (1.~5 cm)

4.8 (135 Cm)

46 {iz~ cm)

13 (loo cm)

2.4 (100 cm)

0.7 (100 cm)

0.6 (lb cm)

8.5 (4o cm)

‘Av.”

1 ,’

3.6

0.4

0.4

C*9

2.

2.5

~o.~

1;

1

O*:

O.j

.-

7-1* 3.0

*(No. 100 and No. ‘$Cl.
excluded)



o-2
Profile ~o. —

3&J

18

17

34

100

410

54

100

93

21

27

‘.27

87

110

2-5—

16

iO

17

26

460

6

78

95

26

43

22

35

TfI’ole 6. ‘Sr Concentrations (pC1/pr) in Profile Snmplee Taken on JANEl!-

15- 25- 35- 45. 55-
= 10-15 25—— J~5z~

75 21 12 12 11

7 6 5.5 5 5.2

l“{ 20 50

8.5 4.6 P.7 1.6 1.6

14 8 4.8 2;4 2.2

160 !50 ?8 34 26

1!3 17 14 15 10

M 8 5.4 5.2 5.2

120 l.10 78

42 26 5ot 68 26

51 49 21 13 9

27 27 3.4 0.3 0.45

24 50 19 5.8 1..5

230 L@ 40 2.4 8.6

U.

3

6.4

0.85

2.6

9.3

15

4.6

14

25

6.8

0.3

0.35

8.2

1.3

5.3

0.78

3.2

0.9

10

3.2

12

21

6.8

0.3

0.55

1.3 1.5

5 . 3.8

0.68 0.28

?.1 :..4

1.0 0.8

3.5 2.0

2.8 2.8

8.2 ‘[.2

3.7 LL

5.8 5.4

9.31 C.3

.0.4 C.4

.—

85-
=

1.3

5.3

7.8

0.9

0.23

1.7

3.0

5.6

1.1

4.0

0.43

0.26

.

95- 1o5- 11~-
105 115 125—— —

1.3 1.0 0.85

3.7

0.43 0.5 o.~

0.47 0.42 0.3

0.85 -,0.8 0.47

1;1 0.93 0.8

2.6 2.4 2.3

4.8 4.1 46

p*5

2.9 2.0 1.6

0.74 0.27 0.26

0.20 0.27 0.29

125-
=

0.4

0.3

3.8

1.8

22

1.5

0.33

0.3

155- 145-
145 155——

2.1 0.43

0.32 1.3

0.31 5.4

4.9 1.5

4.3 3.5

1.2 0.86

0.29 0.31

0.18 0.22

155-
165

0.35

0.31

1.2

3.5

,0.62

0.26

0.63.

165-
1’?5-

0.41

0.45

1.5

2.9

0.54

0.31

0.46

.

lv-
1E5—

0,25

0.45

2.7

0.67

O.J1

0.42

4

.?7.Cornoslt.e ‘l~3.9 90 58 4(I ?3.8 13.7 8.9 7.6 5.6 :’. a ~.1. 3.5 2.’l 1.3 5.3 3.8 1.7 l.’i 0.95 ().94 0.8

‘.-//suL,$!s$,etlce
,r-l.lc,t] t,.]rf: .~i?eq
(.’ir~i [10-) [j(, 5’1.3 29.5 16.7 22.8 21. 11.5 Io.fi 8.2 3.3 4.4 4.5 4.4 1.4 1.3 3.5 4.9 1.5

.- .. —.- . ..—-. —. .-- —.-.. -- --- -—— -— -—- --— ——------ —.—-- .—.. - — ..-..,- ——



0-2—

IYoflle No.

100 * 210

135 * 5.7

1.3Gu 6

137 xl.

1.’)8 22

139 110

140 * 43

141 * >0

14? 100

14.3 ~ 6.1

144 14,

145 1.9

14: 3.5

901 5.1

—

2-5—

64

7.7

4.0

16

19

80

15

23

63

5

3.8

8

19

7

Table 7. 137Co Conccntrotlcns (P<l@j in profile S~~~lee Trken on JANIT.

._..__l -“5am\~l.cl’cp’.h (cm

lo- 15- 25- 35- 45- 55- 65- 77- 85- 95- 1o5- 115. 125- 135- 145- 155-
5-10 15 25 35 47 j> ~ ~ ~ 125 135 14595~15__— ~_ 165—.—— -——

23

2.8

6

11

21

50

4

2.1

42

5.2

14

9.7

18

8.5

;5.1 0.7

>.2 1.6

4.5 6.5

3.2 0.86

15 5.1

?0 13

13 2.3

9.35 0.?3

49 53

7 6.1

g 1.2

5.5 0.8

16 2.9

6.1 1.6

0.44

0.9

6.5

0.9

1.1

7

1.

0.15

26

(;

15

().7

2.6

0.32

0.44

0.66

2.7

0.25

0.63

1.9

1.1

0.12

1.5

5

3.1

0.6

0.85

0.45

0.27 0.22

0.14 0.29

1.3 0.85

0.21 0.23

0.23 0.37

0.5 0.63

1.5 1.5

0.085 0.002

0.72 0.45

4.7 2.9

3.1 1.6

0.24 0.17

0.4 0.6

0.027 0.037

0.78 “ l.:;

0.19 0.:,.9

0.16 0.:.9

0.45 O.:i

0.42 0. jj6

0.066 0:072

0.23 0.:!4

0.1 0.:’1

1.3 1,0

o.ct3jo.l)2!t

0.32 0.:?8

0.082

0.47

0.015

0.19

0.3

0.58

0.071

0.27

0.37

1,0

0.026

0.12

0.072

0.19

0.008

0.15

0.27

0.35

0.029

0.35

0.93

0.77

0.026

0.11

0.039 0.026

0.03 0.01

0.063 0.03

6.36 0.23

0.21 0.19

0.06 0.15

0.29 0.18

0.64 0.5

0.023 0.021

0.017 0.022

0.1 0.058 0.037 0.01

0.035 0.1 0.09

0.18 0.35 1.7 0.55

0.73

0.08 0.24 0.25

0.17 0.15 0.34 0.39

0.57 0.78 0.4 0.38

0.017 0.023 0.02 0.04

0.018 0.04 0.017 0.009

165- .~’?y-
175 l@J

0.01 0,0>

0.04 .0.08

0.42

0.53 0.52

0.6 0.6

0.009 0.01

0*C07 o.ro8

— —-

Av. Com;osite4J.’2 25.0 1’5.5 Ill. 7.02 4.9 1.38 1.03 0.76 0.34 0. 5“( 0.27 0.27 0.17 0.14 0.?3 0.321 0.36 0.21 0.23 (’.?1

Av.Cl.lb:+lstence
l~rlcultulc 53.5 19.9 7.2 5.? 2.9 7.5 1.67 1.33 0.9”/ 0.:?3 0.,39 0.27 0.31 0. W

- .-. .. — - —..——.—. — —- . . .. -.---...—.——— -— —.——. ..—-— —.—



Depth
cm

0-15

15-30

30-45.

45-60

60-’75

75-90

90-105

.

Table 8. CoricentratCons of 90 Sr and
137Cs in each 15 cm increment tielm

the surface fcr the “Average ?rcfile Sanples”

JANET

go~r 137~~

90Sr cone. Ratio to 1
*V 137CS Cone

,Av~pCi/gm)
Ratio to 1

top 15 cm Ratio ipci/gin) “ top 15 cm Eazi.c

67.7 1.0 1.0 19.6 1.0 1.0

20.2 0.30 3*3 6.26 0.31.1 -:.22

10.2 0.15 6.7 3.63 0.164 6.09

6.36 0.094 10.6 1.11 0.055 18.1

3.96 0.059 17.1 0.464 0.023 43. j

2.82 0.042 24.0 0.277 0.014 72.6

2.34 0.035 28.9 0.249 0.0124 80.5

PEPRL

0-15 12.4 1.0 i.0

15-30 3.4 0.276 j.5

30-45 1.1 0.088 11.4

ALICJZ

0-15

15-30

30-45

45.63

36

24.5

16.6

11.2

1.0 1.0

0.68

0.46

0.31 3.1:

BELLE

0-1.5 48 1.0 1.0

15-30 9*7 0,232 ~.~.

30-45 2.0 0.041 24.5

45-@ 0.4 0.CCL3 1~,2

CLAR4

0-15 26 1.0 1*CJ

15-30 6.5 ().25 4.@

30-45 1.6 0.065 16

45-60 0.42 0.016 5:

—



Tabel 9. Affect of soil removal on 30 year

90~r ~oqc soil
Soil I?emoval Action

(pci/grn)
~r~l~~

D.

D1 .

1)2.

(15 cm aver. ) —

Av. for JANET

Current condition 44

Subsistence
Agric. area 31

Remove 4.5 cm In . .
Residential area

JL

~3q,.
ReinOve 15 cm in 9.4
Subsj.stence Agric.A.rea

D3b.
Remove 30 cm 4.6

D3c.
Remove 45 cm 2.9

D3d .
Remove 60 cm 1.8

0

0

3 .2x103m3

1.5x104m3

3.0X104

4. 5X104

6. Oxlo4

integral bone t!ose on JANEI?.

Bone Dose (Rem) Due To
Total lk. Est. 7

~eat ~~ ~~~ure ExternalPandanus CCIConut
Breadfruit Tacca..—

55*5 6.8

39.1 4.8

39.1 4.8

5.8 0.7

3.7 0.4

2.3 0.3

——

13.2 75 kOpR/hr 4.0

9.3 53.2 28 3.3

52.8 2.8

2.7 16 2,2

1.3 ; 7.8 2.1

0.8 4.9 2.0

,

0.5 3.1 2.0

Marine

0.84

0,84

0.84

0.84

0.84

0.84

0.84

TUI!AL

80

57

56.4

19.0

10.7

7.7

5.9



.

Table 10. Soil removal actions to reduce

1~7Cs concentrations in coyra

Mean current

.

137CS cone. in
Island

soil (pCi/gm in

Comm. Mr. 15 cm senples)

Area

JANET 16 6.9x105 m2

OLIVE 7.65 1.1xlo5

PEPm 12.4 1. 5X105

Soil to be removed to
achieve:
10.4 pCi/gm 5.2 pCi/iyn

Thickness VOIUH? Thickness vo~,~m~

— 4 ~104 m36cm . 14 cm 9.7x104 ml

o 5 cm 0.55xlC4 m3

2 cm 0.30X104 10 cm 1.5X104

SALLY 3.0 - 0 0

TILDA 4*Z o 0-.

URSUIA 1.7 0 0

VERA 2.0 0 0

Food Gathering and Picnicing

ALICE 36 9.3X104

BELLE 48 18.6

CLARA

DAISi

IRENE

IUY.I’E

LUCY

MARY

r?NWY

WILMA

26

11

3.2

13.1

11

9.9

12

1.3

1.9

5.6

7.4

9.8

5.6

8.4

m’ 47 cm

14

10

0

0

3 cm

o

0

2 Cr.1

o

~ ~104 ~3.

a 6x~04 m3.

0. 19X104

o. 22X104

o.17xlc4

74 ml

21 cm

17 cm

9 cm

o

12 cm

9 ccl

8 cm

11 cm

o

\



Table 11. Population Dose Estimates fcr Various Cleanup
and Rehahilitaticn O@ions on Enewetak A+.oll.

.

30 yr whole 30 ~ Integral Max annual whole Max annual dcse to
bone dose (Rem) body dose (Rem) (Ret

body dose (Rem)
red bone marrs’~

OPTION

1

1 a
: 1.0 ~ 3.8 ao.039/o.039)* $(o.047/o.c45;:”

b
. .

?
II a

b

c“
I

1.0

~

d.

e

1
III a

‘b

c

d

d

e

v

.. 1
a

b

c

d

3.8

2.2 “ 11.5

5.6 23

3.6 13

1.6 11

(same as IV e)

0.039/0.039

0.125/0.128

o.047/o.@45

0.245/0.252 0.29j/O.294

0.16/ 0.16 0.17/ 0.1?

0.07/ O*O7 0.14/ 0.14

*(Child/Adult)
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Appendix I

Enewetak Radiological Survey Report

Abstract

The AEC has conducted a survey of

the total radiological environment of Ene -

wetak Atoll in order to provide data for

judgments as to whether or not all or any

part of the Atoll can be safely reinhabited.

More than 4500 samples from all parts of

the marine, terrestrial, and atmospheric

components of the Atoll environment were

analyzed by instrumental and radiochemi -

cal methods. In addition, an aerial sur-

vey for gamma-radiation levels was con-

ducted over all land areas.

‘OSr, 137Cs, 60Co, and 239Pu are the

predominant radioactive isotopes now

present, but their distribution is far from

uniform. Islands on the southern half of

the Atoll from ALVIN to KEITH have lev-

els of contamination comparable to or

less than those due to world-wide fallout

in the United States. On the northern

half, islands ALICE to IRENE are most

heavily contaminated, KATE to WILMA

are least contaminated, and JANET is at

an intermediate level.

These radiological data have been com-

bined with the best information currently

available on the expected diet of the Ene -

wetak people to estimate potential whole-

body and bone doses to the population for

six living patterns at 5-, 10-, 30-, and

70- yr intervals after return. Thirty-

year integral dose estimates for unmodi-

fied (i. e., current) conditions are shown

in Table A.

Table A. The 30 -yr integral dose for six living patterns, assuming unmodified condi-
tions.

30-year integral dose, rem
Unmodified conditions

External
L,iving Inhalation Bone, Terrestrial Marine Total

pattern Bone Lung Liver W.B. ~.B. Bone W. B. Bone ~B. . Bone

I 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

III 0.10 0.13 0.056 4.0 6.1 75 0.053 0.84 11 80
I ~, 0.47 ().59 0.24 10 21 210 0.053 0.84 31 ~zo

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

VI 0.090 0.11 0.049 4.4 9.6 130 0.05? 0.84 14 135

Living

E@E2 Village island Agriculture Visitation

I FRED/ELMER /DAVID ALVIN through KEITH Southern islands

II FRED/ELMER /DAVID KATE through WI LillA I$orthern islands
plus LEROl-

111 JANET JANET Northern islands

IV BELLE BELLE Northern islands

L’ JANET KATE through WILMA
plus LEROY Northern islands

~TI J.4NET ALICE through IRENE Northern islands

I-1



The main contribution to the population rather than grow them locally, the ex -

dose comes through the terrestrial food

pathway, followed in decreasing order of

significance by the external gamma dose,

marine, and inhalation pathways. In the

terrestrial food pathway, the main con-

tribution to both whole-bed y and bone

dose is due to pandanus and breadfruit.

Percentage contributions to the 30-yr

integral dose for each of the terrestrial

food items for a population engaged in

agriculture on JANET are shown in

Table B.

Corrective actions to reduce popula-

tion doses will be most beneficial if they

petted 30-yr bone dose would be reduced

from 80 to 25 rem and the whole-body

dose from 11 to 6.5 rem. Similar results

would be obtained if uncontaminated soil

were imported to JANET for the estab-

lishment of these plants. Attempts to

obtain the same results by removal of

‘OSr - and 137Cs-contaminated soil from

JANET would require denuding of the

entire island because of the relatively

uniform distribution of these isotopes

over the land surface.

Significant reduction of the external

gamma dose may be achieved by placing

are directed at the primary contributors, a 2-in. layer of clean gravel in the vil -

i.e., pandanus and breadfruit in the diet Iage areas and by plowing the agricultural

and external gamma dose in the residence areas. On JANET, for example, use of

areas. Since neither pandanus nor bread- these procedures reduces the expected

fruit are now growing on the Atoll in suf- 30-yr external dose from 4.0 to 1.7 rem.

ficient amounts to provide a significant Thus, from Table A it is clear that a

dietary component, control of the location very broad range of population doses may

and manner in which they are reestab - be expected, depending on village island,

lished will have a direct influence on the agricultural island, and living pattern. It

population doses from these fruits. If is equally clear that substantial reduc -

their growth were limited to the southern tions of the higher doses can be achieved

islands, for example, and the population through relatively simple modification of

living on JANET were to import them the agricultural practices and of the soil.

Table B. Percentage of total 30-yr ter-
restrial food dose to a popula-
tion engaged in agriculture on
JANET.

Table C summarizes the reduction that

could be expected from these actions for

a population living on JANET.

The island of YVONNE presents a

9OSr dose 13’?Cs dose
unique hazard on Enewetak Atoll. Pure

to bone, to whole body,
Food 70 %

Domestic meat 17 26

Pandanus fruit 40 35

Breadfruit 34 29
Wild birds 0.005 0.003
Bird eggs 0.05 0.002
Arrowroot 2 0.3

Coconut meat 6 9,
Coconut milk 0.9 1

plutonium particles are present on or

close to the ground surface, randomly

scattered in “hot spots” over most of the

area from the tower to CACTUS crater.

Examination of these “hot spots” has

revealed the presence of occasional

milligram-size pieces of plutonium metal,

as well as smaller pieces which are phys-

ically indistinguishable in size from the



surrounding coral matrix. Given these

current conditions, it must be assumed

that pure plutonium particles of respira-

ble size are now also present on the sur-

face or may be present in the future as

weathering effects oxidize and break

down the larger particles. Lung dose

assessments for this area, therefore,

must be based on inhalation of pure plu-

tonium particles rather than those hav-

ing the average plutonium content of the

soil.

The pot ent ial health hazard via the

inhalation pathway is sufficiently great to

dictate two basic alternatives for reme-

dial action for this island: (1) Make the

entire island an exclusion area—off lim-

its to all people, or (2) conduct a cleanup

campaign which will eliminate the “hot-

spot” plutonium problem and remove

whatever amount of soil is necessary to

reduce the soil plutonium concentration

to a level comparable to other northern

islands. As an indication of the volumes

of soil involved, removal of a 10-cm

thick layer of topsoil in the area in which

“hot spots” have been detected involves

approximately 17,000 m3 of material.

Further removal of soil to reduce the

maximum plutonium contamination levels

to 50 pCi/g or less involves an additional

25,000 m3 of material.

Table C. 30-yr integral doses from all pathways compared to U. S. external back-
ground dose.

30-yr integral dose, rema

Unmodified soil case Modified soil caseb
Location W. B. Bone W. B. Bone

Enewetak Atoll living
pattern III (JANET-
current conditions) 11 80 8.9 78

Enewetak Atoll living
pattern 111(JANET-
pandanus and bread-
fruit imported) 6.5 25 4.2 23

Enewetak Atoll living
pattern III (JANET-
all agriculture con-
fined to southern
islands) 4.2 7.0 1.9 4..7

Enewetak Atoll living
pattern I (southern
islands) 1.0 3.8 1.0 3.8

U. S. background onlyc 3.0 3.0 3..0 3.0

aSum of all pathways for the Enewetak living patterns (i. e., external, inhalation,
marine, and terrestrial).

b.
Soil modified by placing 2 in. of clean gravel in the village area and plowing the

agricultural area.

cBased upon background of 100 mrem/yr at sea level.

I-3
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Appendix 11

Enewetak Radiological Survey Report

Summary of Findings Chapter

W. Nervik, Lawrence Livermore Laboratory, Livermore, California

INTRODUCTION

It has been the purpose of this survey

to gain a sufficient understanding of the

total radiological environment of Enewetak

Atoll to permit judgments as to whether

or not all or any part of the Atoll can

safely be reinhabited and, if so, what

preliminary steps toward cleanup should

be taken and what post-rehabilitation con-

straints must be imposed.

Enewetak Atoll has an extremely

broad range of radiological conditions in

a small land mass. To gain an under-

standing of the details of this range of

conditions, it has been necessary to obtain

and analyze a very large number of sam-

ples ‘from all components of the environ-

ment. To gain an equivalent understand-

ing of the implications of this range of

conditions for rehabilitation of the

Enewetak people, it has been necessary

to postulate population distributions, life

styles, and dietary habits - an endeavor

fraught with uncertainties under the best

of circumstances, but particularly so for

the current, rapidly changing Marshallese

culture.

This section is a summary of the data

obtained from the Survey, the postulates

used, and the population dose assessments

derived from data plus postulates. The

reader is cautioned against expecting or

using a “simple” description of the radio-

logical condition of Enewetak Atoll, be-

cause no single value of any component of

the radiological condition is applicable to

the entire Atoll without being misleading.

CURRENT RADIOLOGICAL CONDITION
OF THE ATOLL

External Gamma Radiation Levels

Three independent techniques were

used to measure external gamma radia-

tion levels on the Atoll:

● LiF and CaF2 thermoluminescent

dosimeters (TLDs) were exposed

for 3+ months on seven of the

northern islands.

● A measurement using a Baird-

Atomic survey instrument was

made at each soil-sampling loca-

tion on each island.

● An aerial survey with Nal detectors

was conducted over the entire

surface area of every island.

All three techniques yield results
60C0

which agree to within about 10!G.

and ’37 Cs contribute most of the total

external gamma radiation, with the

remainder due to small amounts of other

gamma emitters such as 125Sb, 155Eu,

and 24’Am. The amount of
60

Co rela-

tive to 137 Cs varies throughout the Atoll,

with a range of values from about 0.5 on

JANET to greater than 14 on JAIilES.

Average values for each isotope on each

island are given in Table 214. For ref-

erence, a map of the Atoll is shown in

Fig. 146.

Southern islands (SAM to KEITH) arc

characterized by low and more or less

uniformly distributed gamma-radiation

levels over the area of each island. As

exposure levels increase, exposure grad-

ients become severe, with beaches

H-1



Table 214. Summary of average exposure rates for islands in Enewetak Atoll.

Average exposure rate, pR/hr at 1 ma
Total T

island 137CS 60co (O-3 MeV) Rangeb

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET

KATE

LUCY

PERCY

MARY

NANCY

OLIVE

PEARL

RUBY

SALLY

TILDA

URSULA

VERA

WILMA

YVONNE

SAM

TOM

URIAH

VAN

42

61

20

6.8

2.8

14

25

11

6

2

5.5

. 6

6.5

12

2

3.5

4

3

2.8

1

5.6

<0.3 (0.20

<0.3 (0.18

<0.3 (0.06

<0.3 (0.08

ALVIN Ii. l.). (0.06)

BRUCE 0.4 (0.22)

CLYDE <0.3 (0.04)

DAVID N. D. (0.21)

REX <0.3 (0.28)

ELMER N.D.(0.19)

WALT <0.3 (0.08)

FRED N. D. (0.14)

GLENN 0.4 (0.33)

HENRY <().3 (0.14)

IRWINT <0.3 (0.08)

JAMES ~o.3 (0.05)

KEITH <0.3 (0.15)

LEROY 2.8

36

50

19

14.4

2.4

63

13

7

7

2

4

5

4.5

’45

12

3

1

~~.~

<0.6 (0.11

<0.6 (0.13

.<0.6 (0.43

<().6 (().2Lj

<0.6 (0.25)

0.8 (0.34)

<0.6 (0.11)

N. D. (0.10)

<0.6 (0.25)

N. D. (0.12)

<0.6 (0.10)

N. D. (0.12)

<0.6 (0.20)

<0.6 (0.20)

<0.6 (0.46)

2.8

<0.6 (0.49)

4.8

81

115

42

21.3

6

80

40

19

14

5

10

12

11

70

14

7

6

5

5

2

33
log

<().9

~o.sl

<0.9

<0.9

1.2

<0.9

~o.!l

<1).$1

~o.09

<0.9

<0.9

<().9

<().9

<0.9

3.0

<0.9

7.6

4-170

5-200

5-1oo

5-140

5-8

3-560

2-150

3-22

1-20

2-11

2-12

1-50

1-15

1-400

1-42

3-110

2-11

1-7

1-6

1-3

1-750

0-1

0-1

0-1

0-1

0-1

0-1

0-1

0-5

0-1
()-~

o-1

0-1

0-1

0-1

0-1
()-5

o-~

3-8

‘Average dose rates given are derived from aerial survey data. on islands where art)vltY
levels are at the lower limit of sensitivity of the aerial survey equipment, dose rates derived
from the soil sample data are given in parentheses.

b As measured with the 13a]rd-Atomic Instrument.

II-2



“v
.

(EDNA) S4NIL DEfON so ENGEBIIJANET)
(OAISYICOCNI TI

(CLARA]RUCHI-
.9

,b

11
MUZINSAAIKU(KA1

I BELLE) SOGOMBOGO ●8
KIRINIAN (LUCY

(ALICE)OOGALLUA ● Q
N

OOKONAARA
YCIR

t

(MAG.)
*O

%qv

/ ~

4

\\\l’1 ///,
\ \ /1, AARANBIRU_

\\ (vERA)
,\ >,
.\ /
\
.
= e?oe + 900== O& HEAD (MACK)

-/ \- PMO~OTOW2R (OSCA

“/ \’
‘/

J/
\’

“d \’”
“’llll],llv

(LEROy) RIGILI

\

“%
b I

SOUTHWEST
PASSAGE I

\
(KE17N )GIRIINIAPJ

(JAUC51RIBAION

~ –= ~%

EN IWETOK ATOLL - =
NAUTICAL MlLES (I& 1:; ~u,.

(HENRY) ,GURIN

‘%0’ 2345
(GLENN I

-~

-a.
0

k’

WIDE (
G

PASSAGE
.ti
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gene rally at or very near
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circled) requested as village locations by the Enewetak people.

expected back- Radioactivity Levels in Enewetak
Soil

ground levels; the highest levels are

found in heavy vegetation at island centers Approximately 3000 samples of

or near ground zero sites. “Average” Enewetak soil were analyzed by germani -

values for islands with relatively high urn gamma-spectroscopic (Ge Li) and

dose levels include a broad range of values wet-chemistry techniques to determine

for specific areas and should therefore be the distribution of radioactive species on

used with caution. islands in the Atoll. Samples were taken
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on every island, but emphasis was given

to – and proportionately larger numbers

of samples taken on — those islands which

were known to have been sites for nuclear

testing activity or to have been subjected

to large amounts of fallout from such

act ivit y.

Two types of soil samples were taken

on each island: “surface” and “profile. ”

At ‘f surface” sampling locations, two

samples were taken – one a 30-cm2 X 15-

cm-deep core, and the second a composite

of two 30-cm2 X 5-cm-deep cores. At

“profile” sampling locations, 100-cm2

samples were taken from the side wall

of a trench dug for the purpose. Nominal

depth increments for the profile samples

were O to 2, 2to 5, 5to 10, 10 to 15, 15

to 25, and 25 to 35 cm, and at 10-cm

increments to total depth. Total depth

for profile samples varied from 35 to

185 cm, depending on the distribution ex-

pected from the testing history of the

island being sampled.

In general, the predominant species

found in the soil samples are ‘OSr, 137CS,
239 PU, and 60Co. 40K, 55Fe, 10IRh,

102mRh, 125Sb, 133Ba, 134CS, 152Eu,
154~ 155EU 207Bi 226Ra 235U

238
Pu: and 2~1 ‘ ‘ ‘”Am are also present m

some or all of the samples. As was the

case for external gamma levels, small

amounts of radioactive species on the

southern islands (SAM to KEITH) are

distributed more or less uniformly over

the entire land area. On islands where

larger amounts of activity are present,

the highest levels of all species are found

at the island centers or in proximity to

ground-zero sites, usually related in a

direct way to the vegetation density in the

immediate area. As an example of the

kind of data obtained for each of the pre-

dominant isotopes on each of the islands,
90

Sr values for 0-15 cm core samples on

JANET are plotted in Fig. 147.

Table 215 presents geometric mean

values and ranges for the four predominant

radionuclides on islands from ALICE

through WILMA. On islands where there

are significant differences in activity

levels between densely and sparsely

vegetated areas, data for both are given.

Similar data for groups of southern islands

are shown in Table 216.

“Profile” samples showed a wide range

of activity distributions as a function of

depth on different parts of the Atoll. Ex-

amples of the types found are given in

Figs. 148-151. Although generalizations

in this area are not very meaningful,

Fig. 148 shows the profile distribution

normally found on the southern islands.

Here the activity levels are usually low

through the full range of depths sampled.

Some sampling locations show concentra-

tions decreasing somewhat from the sur-

face through the first 10 or 20 cm of soil.

Figure 149 shows the type of distribution

often found inland on islands subjected

to fallout but not to construction or other

ground-zero earthmoving activities – i. e.,

a rapid and fairly steady decrease of

activity levels from the surface to total

depth. Figure 150 shows the distribution

found on beaches and exposed areas on

these same islands – i. e., uniform or

slowly decreasing activity levels from

the surface to total depth. Figure 151

shows a distribution pattern found occasion-

ally on islands which have been the sites

for tests or have been subjected to con-

struction and earthmoving activities

(primarily IRENE, JANET, PEARL,
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Table 215. Enewetak soil data, “northern islands” (pCi/g in top 15 cm).

‘OSr
137c~ 239ti

60co
Mean Range Mean Range Mean Range Mean Range

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET

KATE

LUCY

MARY

NANCY

PERCY

OLIVE

PEARL

80

Dense 123

Sparse 44

65

Dense 190

Sparse 32

46

30

44

Dense 67

Sparse 11

32

29

36

13

Dense 22

Sparse 4.5

Hot spot 62

Remainder 17

RUBY 12

SALLY 8.4

TILDA Dense 27

Sparse 8.7

URSULA 6.8

VERA 6.3

WILMA 3.3

Southern
YVONNE 1.7

Northern
Beaches 6.4

14-430 36

14-670 48

35-130 8.6

13-310 26

100-380 11

16-120 3.8

30-220 4.2

5.9-570 3.2

1.6-630 16

37-200 24

1.6-49 4.8

10-83 11

11-140 9.9

16-110 12

3.6-73 0.94

4.6-70 8.5

2.0-11 0.16

35-140 19

3.2-61 7.6

7.1-63 1.4

0.87-140 3.0

17-54 8.4

2.2-47 1.0

2.0-19 1.7

1.1-68 2.0

0.26-13 1.3

0.09-20 0.40

1.2-30 0.30

5.6-141 12

14-170 26

3.3-44 11

5.6-110 22

3.4-33 41

0.86- 9.0 15

2.7-6.4 18

0.22-41 11

0.57-180 8.5

18-37 17

1.8-16 2.3

2.2-25 7.7

5.6-26 8.0

6.0-28 9.1

0.12-17 3.5

3.5-28 7.7

0.07-11 2.8

7.4-55 51

1.2-34 11

0.71- 7.2 7.3

0.03-30 4.3

3.5-20 7.6

0.04- 5.3 2.5

0.13- 7.8 1.3

0.03-12 2,5

0.31-7.2 1.1

0.02- 3.6 3.2

0.03- 9.0 2.7

-.
3.9-68 5.Y

7.2-130 10

5.8-26 4.6

3.5-88 6.4

22-98 11

3.8-33 0.85

13-24 0.43

2.4-280 5.4

0.08-170 1.9

8.6-50 2.7

0.17-14 0.46

2.4-22 1.5

2.0-35 1.5

2.3-28 1.6

1.5-23 0.47

2.2-30 1.5

1.9-4.1 0.11

15-5$0 12

0.85-100 4.1

3.0-24 0.93

0.21-130 0.54

1.4-17 1.2

1,1-34 0.37

0.26- 7.3 0.31

0.60-25 0.30

0.1-5.3 0.12

0.02-50 0.64

0.34-18 0.13

1.4-33

3.1-30

2.4-9.6

0,91-20

6.4-26

0.37- 7.4

0.33-0.63

0.12 -52’0

0.02-33

1.6-5.8

0.03- 3.5

0.26- 3.8

0.74-4.8

0.56- 5.3

0.08- 2.9

0.65-4.1

0.05-0.31

3.6-70

0.49-49

0.29-16

0.05-69

0.61- 1.9

0.21- 1.7

0.05- 1.7

0.02- 2.2

0.01-0.7

0.01-20

0.03- 1.6

YVONNE - Because of the comDlex distribution M activities on Northern YVONNE no
single mean value for an isotope can be used for the island as a whole with-
out being misleading. Readers should consult the YVONNE discussion in
this section and the detailed data in Appendix II for information pertinent to
their interests.

SALLY, and YVONNE). In these locations, bution” can be formulated which is

activity levels below ground level are applicable to the Atoll as a whole.

significantly higher than at the surface. The land area which has the most

Because of the observed variety of profile severely nonuniform distribut~on of

distributions, no “average vertical distri- radioactive species on the Atoll is that
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Table 216. Enewetak soil data, southern islands (pCi/g in top 15 cm).

‘OSr
137CS 239fi 60C0

Mean Rang e Mean Range Mean Range Mean Range

Group A
(DAVID,
ELMER,
FRED) 0.41 0.02-4.8 0.21 0.01- 2.1 0.04 0.004-0.31 0.03 0.01-0.15

Group B
(All others
except
LEROY)a 0.52 0.03- 3.9 0.14 0.004- 1.8 0.07 0.004- 1.1 0.06 0.007-63

Group C
(LEROY) 11 1,6-34 3.2 0.5-10 0.63 0.02- 2.0 0.58 0.04- 5.0

aSAM, TOM, URIAH, VAN, ALVIN, BRUCE, CLYDE, REX, WALT, GLENN,
HENRY, IRWIN, JAMES and KEITH.

part of YVONNE which lies north of the

tower (Stao 1310). This area includes

the highest external gamma levels found

on the Atoll, with levels of 500-750 vR/hr

found over a five-acre site just south of

the CACTUS crater. In addition, pieces

of plutonium metal weighing as much as

several milligrams are randomly

scattered on or near the ground surface

over most of the area from CACTUS

crater to a line drawn across the island,

about 60 m north of the tower. Construc-

tion and earthmoving activities during the

testing period, for which we have no

reliable record, served to redistribute the

radioactivity in such a way that it is

essentially impossible to get an accurate,

detailed, three-dimensional survey of

radioactive spec ies present in this area

now. Four hundred meters north of the

tower, for about 100 m along the ocean-

side embankment, for example, there is

a visible layer of dark soil roughly 20 cm

thick, 10 to 20 cm below the surface,

which contains high concentrations of

plutonium (3200 pCi/g in one sample).

In an effort to obtain a reasonable

estimate of the three-dimensional distri-

bution of radioactive material in this area,

45 profile locations (shown in Fig. 152)

were sampled to 150-cm depths. Plutoni-

um data for the profiles along the center

of the island, and across the island at the

position of the plutonium-bearing layer,

are shown in Figs. 153-156. Data from

all of the profile samples lead to the

following observations:

● There were no large plutonium

particles analyzed in any of these

samples since the maximum

specific activity found was ’800

pCilg.

● Except for the area in the general
vicinity of the exposed plutonium

layer, there were few profile

sampling locations where plutonium

concentrations exceeded 100 pCi~g

at ~ depth. Of the four that did,

two had the high concentration in

the top 10 cm of soil. Profile

sampling locations where plutonium

concentrations greater than 100

II-7
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pCifg were found at any depth are

enclosed in cross-hatched areas in

Fig. 152.

Thus it seems likely that soil bearing

high concentrations of plutonium – as

opposed to pieces of plutonium — Ls largely

limited to a band roughly 350 m wide

across the island, centered on the visible

plutonium soil layer. Within this band,

plutonium concentrations are greatest on

the ocean side, less on the lagoon side,

and least in the island center — a finding

consistent with historical data which in-

dicate that debris was bulldozed away

from the shot point toward both shore-

lines after the event which produced these

plutonium particles.

Except for this band across the island,

there is no evidence which indicates that

plutonium particles on or near the ground

surface in the larger area shown in

Fig. 152 are also found at any significant

depth below the surface. Because of the

discrete nature and random distribution

of these particles, of course, the only way

that their distribution could be further

established would be by analysis of very

large volumes of soil.

Radioactivity Levels in Enewetak
Xagoon

Approximately 858 samples taken from

the Enewetak lagoon environment were

analyzed by germanium gamma-

spectroscopic (GeLi) and wet-chemistry

techniques to determine the distribution

of radioactive species in the lagoon, in-

cluding 345 sediment and bottom cores,

Analysis of the sediment and core
40K

samples indicates the presence of ,

60Co, 90Sr, 10IRh, 102mRh, 106Ru,

127Sb, 137CS, 152Eu, 154Eu> 155Eu,
207Bi 235U 238PU 239,240PU and

,
241 ‘ ‘ ‘

Am in some, but not necessarily al

of the samples. Each nuclide is non-

uniformly distributed over the lagoon

floor, with the highest levels generally

found in the northwest part of the lagoon,

2-3 km southeast of the islands ALICE

through IRENE; the next highest levels are

found in the area southwest of YVONNE;

and the lowest levels are found south of a

line extending across the lagoon from the

Southwest Passage to TOM. Figure 158,

for example, shows the distribution pat-

tern for ‘OSr. Similar figures have been

prepared for each of the predominant

species found.

Many of the radionuclides found in the

marine sediment and core samples were

not detected in the water sam~les, in-.,

eluding 102mRh, 106Ru, 125Sb, 152Eu,

and 235U. In only 15 samples from the

northern part of the lagoon were 60 co,
155EU 207Bi and 241Am detected

.
137 ~s’and 23;,240

Pu were positively

identified in all samples. Table 217 gives

the mean surface water concentration of

137CS and 239’240 Pu in the four quadrants

of the lagoon, in the ocean close to the

east side of the lagoon, and for several

areas in other parts of the world for

comparative purposes.

In the plankton samples, the most

abundant isotopes observed were 90Sr

(av 0.86 pCi/g, wet wt) and
207Bi

\
● ✘

82 seawater and seawater filters, 21 algae, (0.83 pCi/g), followed in decreasing order

plankton, or coral, and 410 fish samples. of abundance by 60Co (0.68 pCi/g),

Figure 157 shows the major sampling 23g’240Pu (0.39 pCi/g), 155Eu (0.24

locations for this marine program. pCi/g), 241 Am (0.23 pCi/g), and
137CS

II-8



“1 ‘
●

10

1

0.

0.

0

I
>
.->.-+
2

1

)011

liilri!llli! ll:!i!lilill!~lilill!ll~ll

!, ,,, , ,,

,!

0.0001
0 20 40 60 80 100 120

Depth — cm

Fig. 148. Activities of selected radionuclides as a function of soil depth.

II-9



t
,,, ( WI’’; .l ,, ,,[ 1 1 1 & \ 1 1 I 1 ! 1 I \ 1 1 ! [ [

1, 1 I I I [ 1

1000

100

10

.
I

o.1

1 , ! , ,

?-;,
I 1 1 1 1 1 , 1 1 I 1 I

1 1 1 1 1 1 1 1 )
1

Iii I I [ I ) T I 1 I I I I 1 I [ 1 ii! ’:i{,”,,,

0 10 20 30 40 50 60
~io.ol

Depth — cm

Fig. 149. Activities of selected radionuclides as a function of soil depth.

11-11



. .

.

UI
m
m
n

m
o
!-.

“o
o
0

Activity - pci/g



Recovery of plutonium soil concentrations ~reater than 400 pCI/C
239,

d.

Pu at any depth these levels are found. The justification Ls that

plutoniun at some depth nay one day be at tile surface. Also,

of -
recovery/contaminated soil sufficient to red~ce surface

levels to a value well below 40 pCi/g
239,240PU0 ~le,

justification is to keep air concentrations of- resuspended pj.utaniua

to levels well within miticnal and international

standards. After soil removal, all areas should be r~summyed to

ensure no pieces or hot spots of plutonium remain.

e. The area observed to have pieces of plutonim and tli:z hi:hest

soil concentrations is the interior arid sharcline of tl~e island

beginning at a line drawn frcm tl?e ocean reef to l.,lr,con 60 :mtczs

.-,-.-+1.. . . . . . . . .

8. ?luronim

on YVULUZ

expected that pieces of plutoniun metal will be fotind.

9. Test plantings of panda~us, breadfruit, coconut, and arrcwroot shcINld

be nade, as soon as growth can be assured, on e<~ch of tile islancis cm

which these plants are to bc grown. ts edible parts of tliese plants

90~r 137CS q39,~40pu and
become available, their concentration of , ,

any other significant radionuclides should be neasurcd and con~ared ~:i.t~.

the itadiological Survey predictions. These studies will

a determination. to be made of the earliest tine at which

food and commercial crops can be nade.

provide for

planting 0{

10. An underground lens water sanplinfl and a~alysis program should bc

conducted in which samples are taken” over a period of at least 12



.

calendar months. Bacterial content, salinity, and radionuclide content

should be measured, but priury erzphasis of the program should be

placed on development of an understanding of processes which are

operating - or which can be made to operate - to reduce the ecc)logicr.1

half-life of
90

Sr and
137

Cs below the radioactive half-life on the northc

islands, especially JANET.

11. An air samplin~ program should be conducted durfn~ cleanup in

support of cleanup operations and to add to the body of available

information on radioactivity levels in air.

Base-line surveys of body burdens and urine content of
137

12. Cs and

90 Sr should be nade for the Enewetak people prior to return to ~aewcta::

Atoll, after t!lc first yea~ of residence, and as z;)propriz~e t,!ierc-

after. Resurveys of the environmental radiation and radioactil-ity

levels should be made starting in the first year cf retuzm ancl

repeated every other year. To be determined is the adequacy cf the die:

and the actual average daily dietary intake of radi.ozctivity for

various a~e groups for comparison with estimated levels and how

radj.oactivity levels in water, air, soil, plants? and animals are

changing with time. (Included should be collection of additional

~ 39
information on the c!lenical form zncl size distribution of ?U pzzti.<1”

in the air.) Information from such surveys will provide a continuin~ c::

of the radiolo~ical status of the people and the environment =.nt will

assure that the exposule criteria is not being approached or exceeded.

13. Considering tha: the method of disposal of plutonium cent.aninated soil

r-



wanting such problems to delay cleanup and rehabilitation of the

atoll, the Task Group recomnwds the following:

a. At a rdnimum,’cleanup should accomplish the recovery of plutonium
b’

contaminated soil and scrap into storage on YWNXII,

b. The YVOTW quarantine should remain in effect titil access controlled

and all visitors monitored as for a radiation control

co If disposal is deferred for further study, such study

planned and conducted proaptly.

14. The cleanup phase of rehabitationr i.e., removal and disposal

contaminated scrap, debris, and soil, should be carefully

in a comprehensive final report from these conducting the

operation.

zone.

should be

of

03C
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Fig. 153. Plutonium profile data, Locations 101-103, 105, 109, 114, 119, 124, and
129, YVONNE.
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g). Comparison of these data lagoon with mean residence half-times

with similar data obtained in 1964 indi - of 3.3 and 4.1 yr, respectively, while
207

cates that. in addition to physical decay, Bi appears to be decreasing at approxi -

60Co and 137 Cs are being lost from the mately its radioactive decay rate. 90Sr,
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Fig. 153. Plutonium profile data, Locations 101-103, 105, 109, 114, 119, 124, and
129, YVONNE.

Depth –
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Surface 8 .

130 __l —

Profile location number

Fig. 154. Plutonium profile

(0.07 pCi/g). Comparison of these data

with similar data obtained in 1964 indi-

cates that, in addition to physical decay,
60

CO and 137 Cs are being lost from the

data, Locations 132-142, YVONNE.

lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while
207

B1 appears to be decreasing at approxi-

mately its radioactive decay rate. ‘OSr,
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Fig. 155. Plutonium profile data, Locations 112-116, YVONNE.
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Fig. 156. Plutonium profile data, Locations 142-146, YVONNE.

239,240fi 155EU and 241Am \\,ere not
, , this survey ~~’ere chosen for one or more

reported in 1964. of the following reasons: (1) They are

Of the more than 700 species of fish at commonly eaten by the Nlarshallesc; (2)

Enewetak Atoll, the species selected for they are relatively abundant at most of the
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Sample types

. Sediment and cores

* Reef species

49Plankton

A Water

N

4

Southwest

Passage

Deep
Passage

Wide
Passage

Fig. 157. Enewetak marine program sampling locations.

collection sites; (3) they are representative detritus feeder), convict surgeon (a

of a feeding habit; or (4) there is previous grazing herbivore), goatfish (a bottom-

relevant radiometric information about feeding carnivore), and parrotfish (a coral

the species. The species of reef fishes eater). The tunas, jacks, and dolphins –

selected as being representative of feeding pelagic fish - and the snappers and

habits include the mullet (a plankton and groupers – benthic fish - which were also

11-20
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Fig. 158. Activity levels of
90

Sr deposited in the sediments of Enewetak Lagoon.

collected are carnivores of high order in

the food chain leading to man.

The number and kind of marine organ-

isms collected at near-shore sites at

Enewetak Atoll and at Kwajalein Atoll,

where “control” samples were taken, are

shown in Table 218. Similar information

for the carnivorous fish is given in

Table 219.

40K 55Fe and 60
, , Co were the pre-

dominant radioactive nuclides found in all

fish, althou .gh 65Zn, ‘OSr, 10IRh,
102mRh

,

108mAg, 125Sb,
137Cs 152EU 155Eu,

207Bi 239,240
, Pu, and’24’ ‘Am were also

present in some or all samples.

11-21

Table 217. Concentration of 137CS and
239pu in comparative, sur-

face water samples.

Cmcentratlon,
fCi Hlter

Location
137c~ 239PU

Enewetak Lagoon

SE quadrant 226 9.1

NE quadrant 334 42.6

NW quadrant 57 g 33.4

SW quadrant 332 21.6

Ocean, east of Enewetak Atoll 89 0.3

Lake Michigan (197 1) 88 1.1

Humboldt Bay, Calif. (1973) 300

14TN 180”W (1972) 143 0.44

12”N 170°E (1972) 170 0.35

Windscale vicinity (1969} 105,000

Mean surface, Atlantic
O-31T4 (1968) 0.7



.... . .

!. ’...

Table 218. Number of organisms
collected at Enewetak Atoll and Kwajalein Atoll near-

shore Sites, October to December 1972.

ore;lnlsm
0111(’r

Olh(’r
>(.{ )n\,,rl~,- ,\ppl.(~\

Conricl Parrot- re{<
Collect Ion f,,~], Tr)cl.+cn.~

l<?(.31

fish
~.tlc.t)ml)t,r.il)r.t!<s

Site \lu]lel ~oa~fish suwcon

~nev’etak ~toll G 4 G“ 114

11 - 50 ~ 10
GLEXS-III:SRY

-*5 o - 10C 10/;

34 :j 1 1
- 50 9

LER~\-
!11

3
~

-20 -30 9 7
FREI) o

:>~
~ 112 4

1).AYIII o 25 -50 !,;

1 3 10 0
-50 3 30

BELLE
z;

o [; o
12

0
~ 3

IRESE
<1:,,

1 @ -1 0
,,

.1AX l:T -50 .> -40 3 107
~ 3 3

11 -50 <,’]
TILI).+-URSULA -35 10:

0 3
10 3

10 -15 - 5>
yross E 41

-30 1 > 3

K,l,a]alein .41011
36 13 25 870

-100 -400 41 42
.4pproximate Total -220

aThe ~Llmber gi~en ,~ the number of collections from .1~l~~~n‘l~{’.
bpencil urchins.

cTop snails.
d.>Pln>lobster.

Table 219. Number of carni\~orous
fish collected from the Enewetak and Kwajalein off-

shore lagoon sites, October to December 1972.

Collection Yellow’fin
C)rPanism

Skiplack Mackerel Dolphin Snapper Grouper
~“lua Total

site tuna

2 S 8 8 ~o

2 p 3
Enewetak 2 6

~wajalein 3 1

~ 10 8 46
10 3

[;
Total 5

Figures 159-161 show the average con-

centrations of predominant radionuclides

found in convict surgeon samples taken

at each of the collection sites around the

lagoon. Similar data were obtained from

the mullet, goatfish, and parrotfish

jack collected in Enew!etak lagoon are55
shown in Fig. 162. In general,

Fe level:

in the largepelagic fish were higher than

levels found in other fish types, while

other nuclides w7ere present at levels

comparable to or lower than those found

in the reef fish.
samples.

Average radionuclide content of light
Of the samples collected at Kw’ajalein,

muscle, dark muscle, and liver of skip-
40K was present at normal background
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Fig. 159. Average c“ ‘“”’en’rat~: To

convict surgeon from Enewetak

Atoll, Octob~r to D’ecember, 1972. K value is the mean for all con-

vict surgeon samples,

Table 220. Comparison of
60co and 207 Bi in the viscera of convict surgeon collected

in 1964 and 1972.

60 2
CO in pCi/g, dry 0 ‘Bi in pCi,/g, dry

Fraction Fraction

Island 1964 1972 remaining 1964 1972 remaining

BELLE 120 16 0.13 8.0 2.0 0.25

JANET 8.3 0.96 0.12 1.2 0.2 0.17

GLENN 19 3.3 0.17 2.6 0.7 0.27

0.06 5.2 3.1 0.59
LEROY 56 3.4

YVONNE 64 5.2 0.08

Average 0,11 0.32
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Collection site

137c~ 155EU and 207
Fig. 160. Average , B~ concentration in convict surgeon from

Enewetak Atoll, Octob~r to December, 1972. The 40K value is the mean for
all convict surgeon samples.

60C0 207Bi
levels (av 15 pCi/g). No , , 60Co and 207 Bi data for the two collection
or 155

Eu were observed, but 55Fe, 137CS, periods. The effective half-life of 2.7 yr
90

Sr, and 23’’240 Pu were found in some for 60 Co (radioactive decay half-life
207

or all of the samples, usually at levels 5.24 yr) and 5.1 yr for Bi (radioactive

comparable to the lower values found at decay half-life 30 yr) implies an effective

Enewetak. half-life in the ecosystem for both isotopes

As with the plankton, comparison of of about 5-6 yr.

data obtained from this survey with similar Of the marine invertebrates present at

data from samples taken in 1964 indicates Enewetak, tridacna clams, sea cucum -

that, for some nuclides at least, there are hers, spiny lobster, and top snails were

processes operating to reduce concentra- collected and analyzed. In the tridacna,

tions in the lagoon faster than is expected 60 Co was the most abundant radioisotope

from radioactive decay alone. Table 220, found, and it was present in higher

for example, presents a comparison of amounts in the kidney than in the viscera,
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Collection site

Average 90Sr and
239,240

Pu concentration in convict surgeon from Enewetak
Atoll, October to December, 1972. The 40K value is the mean for all con-
vict surgeon samples.

mantle, or muscle. Figures 163-165 Radioactivity Levels in Enewetak

present the average radionuclide concen -
Terrestrial Biota

trations of these tissues for the Enewetak The terrestrial biota survey had as Its

locations at which tridacna samples were objective the collection and analysis of all

taken. available terrestrial vegetation and

Radionuclide distributions for sea animal species which could be used as a

cu cu mbers, spiny lobsters, and top snails basis for estimating population doses

were similar to those found for the through dietary pathways. Not all veg L’-

tridacna, except that high concentrations table and animal components of the

were not observed in the kidney. Enewetakese diet are currently available’
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and 20’ B1 concentration in the
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.
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.

Y

kidney of Tridacna
1972. The 40K
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Average
40K 55Fe and 60Co concentration in the viscera, mantle, and

muscle of T~idacna’ clams collected at Enewetak Atoll, October to
December, 1972. The 40K value is the mean of all Tridacna samples.

on the Atoll; of those that are, not all are The geographical

.... -J.. available on every island. specimen collection

distribution of

sites is shown in

.

.

“.i. YLs:..:

A total of 1103 specimens were col- Fig. 166 and the types of edible sample

lected in the field as part of the terrestrial collected on each island are listed in

biota survey, distributed as follows: Table 221.

Soils 42 ‘OSr and
137

Cs were observed in

Plants 208 essentially all of the plant, rat, and crab

Birds 116 samples and in many of the bird and egg

Eggs 217 samples. 55 Fe, 60 Co, and 23g’240Pu

Rats 249 were observed less frequently, and

Crabs 271 207Bi,
152

isotopes such as Eu, and
151

Total 1103 Sm were observed occasionally.
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Table 221. Terrestrial biota survey. Edible plants and edible animals sampled.

Island Coconut Coconut Pandanus Pandanus Tacca Bird Coconut

~ meat milk fruit leavesa corm Birds eggs crab Ratb

1. ALICE

2, BELLE

4. DAISY

9. IRENE

10, JANET

12. LUCY

14. MARY

15. NTANCY

16. OLIVE

17. PEARL

19. SALLY

20. TILDA

21. URSULA

22. VERA

24. YVONNE

29. VAN

30. ALVIN

31. BRUCE

32. CLYDE

33. DAVID

34. REX

35. ELMER

37. FRED

38. GLENN

39. HENRY

40. IRWIN

41. JAMES

42. KEITH

43. LEROY

x

x x

x x

x x x x

x x x x x

x

x x x

x x

x

x

x xx

x

x

x

x

x x

x

x x

x

x

x x
x x

x x

x x

x

x

x x

x x

x x x

x

x x x x x

x x x x

aParldanus leaves are not eaten but serve as indicators for pandanus fruit.
bRats are not eaten but serve as indicators for poultry and swine.

. .
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Fig. 166. Terrestrial biota program sampling locations.

For a given sample type, the radio- Fig. 167 and it is apparent that concen-

nuclide content generally corresponded trations are significantly higher on the

with levels of soil contamination found northern islands (islands 1-24) than on
90

on the Atoll. Data for Sr and 137CS in those on the southern part of the Atoll.

coconut meat versus island sampling Since the main vegetation components

location, for example, are plotted in in the human diet (coconut, pandanus,
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Concentmtion in indicator plant —

pCi/g, dry

?’3~~S in ~oconu~ meat and
tatistical correlation between

137cs in Messerchmidia and
Scaevola.

and breadfruit) are not growing now’ on

all of the northern islands, the ubiquitous

Messerschmidia and Scaevola were

sampled and analyzed extensively with the

intent that they be used as “indicator

species” for estimating doses from the

edible plants should they become avail-

able. The correspondence between
137

Cs activity in coconut meat and

Messerschmidia and!or Scaevola from the

same location is shown in Fig. 168.

To increase accuracy, dose estimates

to the human population through the

terrestrial vegetation pathway should be

based on the geographical distribution of

radionuclides. In order to do this, how-

ever, a correlation between nuclide

content of vegetation and nuclide content

of soil must be established. As an ex-

am~le of the correlations that have been-,-

developed, data for
137

Cs in

Messerschmidia and Scaevola vs 137CS

in soil are shown in Fig. 169.

Similarly, data obtained from rats –

the only mammals now found on the Atoll –

were found to correlate with the vegeta -

tion radionuclide levels. For example,
137

correlations for Cs in rat muscle vs

Messerschmidia /Scaevola are shown in

Fig. 170, and for 9
0
Sr in rat bone vs

Messerschmidia lScaevola are shown in

Fig. 171.

Three classes of data obtained from

the terrestrial biota survey, therefore,

have been used to estimate potential

human doses through the terrestrial food

pathway:

● Data obtained from the edible

organisms where they were avail-

able.

● Data obtained from the correlation

between edible plants – indicator

11-32
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Fig. 169. Statistical correlation between
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137CS in Messerschmidia and Scaevola and

plants – soil and applied to the plant Radioactivity Levels in Enewetak Air

component of the diet.

● Data obtained from the correlation

between rats – indicator plants —

soil and applied to the meat com-

ponent of the diet.
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Samples were taken using the

following three types of equipment:

●

●

●

Ultra High-Volume Air Sampler

(UHVS) – Used to sample large

volumes of air in short time inter-

vals. Typical samples were taken

at a rate of 2000 m3/hr for a con-

t inuous 24 -hr period.

Low-Volume Air Sampler (VCS) –

Used to sample for extended periods.

Typical samples were taken at a

rate between 8 and 20 m3/hr for a

continuous 7-day period.

Anderson Cascade Impactors (ACI)–

Used to obtain data on the particle-

size distribution of airborne radio-

activity. These samplers operated

at a throughput rate of 34 m3/hr,

sampled for 7- to 10-day periods,

and separated each sample into the

following particle-size ranges:

0.1-1.1, 1.1-2.0, 2.0-3.3, 3.3-7.0,

and >7 ~m.

I I I I
A Messerschmidia

o Scoevola

Y=0.73X

mu

no

/“ 1 I I I—
0.1 1.0 10 100 1,00010,000

Concentration in indicator

plant — pCi/g, dry

Fig. 171. Statistical correlation between
137cs in rat muscle and 137CS
in Messerschmidia and
Scaevola.

Air samples were taken on FRED,

DAVID, SALLY, JANET, and YYONNE,

which are islands that include the full

range of airborne activity levels likely to

be found on the Atoll.

A number of radionuclides were de-
7

tected in the surface air, including Be

(53 day), 40K (1.26 X 109 vr), 54Mn. .

(303 day), 95Zr (65 day), -103
Ru (39.6

day), 1°6Ru (1.0 yr), 125Sb (2.7 yr),

137Cs (30 yr), 144Ce (285 day), 239Pu

(2.4 X 104 yr), 238Pu (86 yr), and

241Am (458 yr). 7Be and 40K are

naturally occurring activities. 54Mn,

95Zr, 103Ru, 106Ru, 125Sb, and 144Ce

are intermediate-life activation and

fission products found in current world-

wide fallout, but present in Enewetak

soils in only very reduced quantities due

to radioactive decay in the long interval

since testing ended, Longer-life 137CS,
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Table 222. Comparison of radionuclides in surface air (fCi/m3) on Enewetak,

Livermore, California, and Balboa, Panama.

Remainder of Livermore, Balboa, Panama,
Enewetak Calif. , 90N 79°W,

Nuclide YVONNE Atoll 1972 1972-1973

7Be

54Mn

95Zr

103Ru

125Sb

106Ru

137CS

144Ce

239, 240W

238fi

24 lAm

<49-193

<0.6-2. 1

<o.4-o.4a

~ 5.5-5. 5a

< 0.27-0.27a

<o. 9-2.6

<0.49-0.82

<2. 5-3.7

<0. 03-2.6

<0.04-0.13

<o.3-o. 30a

<6-116

<0. 14-4.0

0. 03-0.3

~TDETb

NDET

<0. 2-1.6

<0. 04-2.5

<0. 22-1.9

<0.001 -O. 025

<0.0028-0.008

NDET

90-250

0. 005-0.4

0. 29-3.4

0.04-0.23

0. 14-2.9

0. 63-3.2

0. 24-3.1

0.01-0.05

0.001-0.005

NDET

43-143C

<0. 9-8.5

0.09- 1.7

0. 7-11.2

<0.001-0.030

<0.001-0.003

NDET

‘Detected only one sample.

bNot detected.
cOct. -Dec. 1972 range.

238Pu, 239Pu, and 241Am in air could be

from either local resuspension or from

worldwide fallout. A comparison of

activity levels at Enewetak with those ob-

served at Livermore, California, and

Balboa, Panama is shown in Table 222.

It appears that, with the exception of the

single sample on which 5.5 fCi Jm3 of
103 Ru was observed, the only airborne

radionuclides present at levels consist-

ently higher than those at the other two

locations were the Pu-Am species on

17VONNE, a result not too surprising,

considering the known soil contamination

levels on that island.

Of the 32 air samples, four were

taken in October 1972 before typhoon

Olga struck, and the remainder were

taken between November 28 and December

19, 1972. Wind speeds were almost

always greater than 10 knots and often

greater than 20 knots at all sampling

locations. In addition, frequent light

rain showers served to keep the ground

surface damp. Table 223 presents

climatological data which have been pub-

lished for Enewetak and Kwajalein. It is

apparent that December represents a

fairly average month as far as total rain-

fall and rainfall frequency are concerned,

while average windspeeds are higher than

those observed most of the year.

Radioactive Scrap and Buried Debris

Holmes and Narver, Inc., as part of

the engineering survey they conducted

11-35
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Table 223. Climatological data for Kwajalein and Enewetak. a

Percentage of total time at each wind-speed interval
Jan Feb Mar ~ May June July ~ ~ ~ Nov Dec Av—— —

Wind speed, knotsb
o-3 1 1 10 1 1 6 10 16 9 3 1 4.2
4-1o 15 12 22 20 27 27 49 GO 59 63 42 20 34.7
11-21 68 80 70 75 69 70 44 29 24 28 53 70 56.7
22-33 15 7 7 532 1 1 1 0 2 9 4.4

=
>33 1000000 000000
Prevailing wind
direction and NE NE NE NE NE NE E/NE E NE NE NE NE --

frequencyb 8670 87~0 81’% 7?7, 67% 64~0 36% 3170 27% 3370 5570 74% ‘-
..”., each

Yr. of
Pre cipitationc Yr record.—
Av. amount, in. 1.02 1.84 1.86 1.28 4.57 3.37 6.45 6.81 6.24 9.09 6.30 2.63 51.46 30
Greatest amount, 1.9510.21 7.33 3.86 8.38 7.03 15.35 14.41 13.17 18.07 17.38 9.18 69.86 13
ig~
Least amount,in. 0.12 0.40 0,37 0.49 0.37 1.33 1.36 4.22 1.53 2.60 1.94 0.86 24.42 13
Mean number of
days, 0.01 in. or 11 10 13 13 16 16 21 ’21 20 21 21 16 198 10

. ..

aU. S. Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,
Vol. 1, Second Edition (1964>, updated to Dec. 5, 1970.

b.Wmd data for Kwaialein.
cPrecipitation data for Enewetak.

for DNA, X estimated that there were

approximately 7200 yd3 of contaminated

metal and concrete present on Enewetak

Atoll in December 1972. AEC radiation

monitors accompanied the H&N crews in

order to identify the radioactive material.

Table 224 shows the distribution of this

debris on islands where this type of

survey was conducted: The amounts of

material listed should be taken only as

an approximate lower limit, particularly

on islands such as PEARL, where very

heavy underbrush prevented the survey

party from covering all parts of the

island. In addition, it is conceivable that

radioactive scrap material may be found

*.
Engineering Study for a Cleanup Plan,

Enewetak Atoll-Marshall Islands,
Holmes and Narver, Repts. FIN-1348.1
and I-I N-1348.2(1973).

on the other northern islands (KATE,

LUCY, MARY, NANCY, OLIVE,

URSULA, VERA, and WILMA), even

though none of them contains ground-zero

sites, and neither the aerial radiological

survey nor the ground survey parties

detected this type of debris.

On the southern islands, there were

four locations where radioactive scrap

material was found:

● On the north end of ELMER (in the

“C” level area of Fig. B.37.l.b in

Appendix II) there are several

pieces of scrap iron with activity

levels above local background.

● In the central part of ELMER (the

large “ E“ level area of Fig.

B.39.l.b) a partially shielded 60co

source was found in a small storage

building.
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Table 224. Contaminated metal and concrete scrap on Enewetak Atoll.

Approximate scrap
Island quantities Remarks

ALICE 10 yd3 Background is up to 170 pR/hr. An M-boat
wreck on beach reads 8 mR/hr.

BELLE Small Background up to 250 MR/hr.
(< 10 yd3)

CLARA Small Background up to 100 #R\hr.
(< 10 yd3)

DAISY Small Background up to 140 pR/hr.
(~ 10 yd3)

EDNA None Sandbar

IRENE M~deratea Up to 1.2 mr/hr.

JANET 568 yd3 Activated scrap metal in all sizes can be
found in piles or individual pieces scattered
over the island at levels up to 8 mr/hr.

PEARL 317 yd3 Confined to SGZ area. Levels up to 5 mr/hr.

RUBY 196 yd3

SALLY 2106 yd3 Scrap-metal activity levels up to 0.12 mr/hr.
Al ha levels on concrete surfaces up to

~10 dpm/50 cm2.

TILDA 1 yd3

YVONNE 4064 yd3 Activity levels up to 60 mr/hr.

Tot al 7262 yd3

aReference does not identify volume.

● In the south-central part of ELMER

(the small “E” level area of

Fig. B.39.l.b) there appears to be

scrap metal or other radioactive

debris on, or just below, the ground

surface in heavy underbrush.

● On the north-central shore of

GLENN (the “C” area of Fig.

B.48.l.b) there is a derelict barge

which is contaminated with detect-

able amounts of 207Bi.

Because of the extremely low ambient

radiation levels on the southern islands

and the sensitivity of the aerial survey

equipment, we can be reasonably con-

fident that we have found all material

above ground with activity levels greater

than a few microroentgens per hour. On

FRED, for example, the highest radiation

level found (the “D” area in Fig. B.46.1. b)

proved to be coming from barrels of fly

ash stored in a warehouse intended to be
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Table 225. Livin&! patterns describing the geographical locations for activities
involved in daily living.

Residence

Agriculture

EEkQU

Residence

Agriculture

-

Residence

Agriculture

EEXE

Pattern I Pattern H

FRED, ELMER, or DAVID FRED, ELMER, or D.4VID

ALVIN through KEITH KATE through WILMA + LEROY

Entire Atoll Entire Atoll

Pattern HI Pattern IV

JANET BELLE

JANET BELLE

Entire Atoll Entire Atoll

Pattern V Pattern VI

JANET JANET

KATE through WILMA + LEROY ALICE through IRENE

Entire Atoll Entire Atoll

used for PACE drilling operations.

Similarly, the nearby “ C“ level area
60

proved to be a Co source stored in a

lead container in a locked building properly

labeled, but of which we were unaware be-

fore the survey started.

POPULATION DOSE ASSESSMENT

The total radiation dose to the

Enewetak people returning to Enewetak

Atoll is determined by the sum of the con-

tributions of each of the exposure path-

ways; i. e.,

Dose = D +D
inhalation external gamma

+13
marine food chain

+D
terrestrial food chain

The contribution of each pathway to the

total dose for an individual depends on

living patterns and diet. Six living pat-

terns, shown in Tables 225 and 226, have

been selected for the dose assessment on

the basis of statements made by the

Enewetak people as to how and where

they would like to live after they return.

Similarly, the diets shown in Table 227

have been selected on the basis of the

best current information on the dietary

habits of the Enewetak people, the curren

distribution of edible species on the Atoll

and growth periods before harvest for

edible species which will have to be

established after return. ln add it ion,

these assessments assume that the

Enewetak people will continue their cur-

rent practice of using catchment rain-

water for drinking and that underground
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Table 226a. Estimated time distribution (in percent) for men, women, children,
and infants, with emphasis on residence island. pattern A.

Village area Beaches Interior Lagoon Other islands

Men 50 5 15 10 20

Women 60 10 10 0 20

Children 55 10 15 5 15

Infants 85 5 0 0 10

lens water, where available,

significant part of the diet.

D.
inhalation

239 ,24
OPu has been found

will not be a

to be the

only significant contributor to inhalation

doses on Enewetak Atoll. Airborne

radioactive species observed during the

survey, however, were identified as

originating almost entirely from world-

wide fallout or cosmic-ray activity. In

order to make a conservative estimate

of inhalation dosages, it has been

assumed that the returning population will

be exposed to air with an average dust

loading of 100 ug/m3, with the same
239,240 Pu content as the local soil, all

0.4 ~m in diameter and low in volubility.

Using these assumptions and 239’ 240Pu

concentrations obtained from the soil

samples, inhalation doses to bone, liver,

and lung for each of the six living patterns

have been estimated and are shown in

Tables 228-230.

The “unmodified” cases represent
239, 240PU con-calculations based on the

tent of the top 2 cm of soil, while the

“ modified” cases represent calculations

based on the average
239,240 Pu content

of the top 15 cm of soil. The latter

condition would obtain if the soils were

plowed or mixed during the replanting

operations.

D
external gamma

Using gamma levels obtained from

the aerial survey, estimates of the ex-

ternal gamma dose associated with each

of the living patterns have been calculated

(Table 231). In this table the “unmodified”

Table 226b. Estimated time distribution (in percent) for men, women, children,
and infants with emphasis on additional time spent on nonresidence

islands. Pattern B.

Men

Women

Children

Infants

Village area Beaches Interior Lagoon Other islands

40 5 20 10 25

50 5 15 5 25

50 5 15 10 20

70 5 5 0 20

II-39
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Table 227. Postulated diet for the returning adult Enewetak population for time of
return and for 10 yr after initial return.

Diet, g/day

Food item At time of return, 10 yr after return

Fish 600 600

Domestic meat 60 100

Pandanus fruit o 200

Breadfruit o 150

Wild birds 100 20

Bird eggs 20 10

Arrowroot o 40

Coconut 100 100

Coconut milk 100 300

Coconut crabs 25 25

Clams 25 25

Garden vegetables o“ o

Imports 200-1000 200-1000

1030 plus imports 1570 plus imports

Table 228. Cumulative reins to organs from
239,240 Pu via inhalation pathway, bone.

LIVING PFlllERN

1. MODIFIED

UNM!3DI F IED

II. MODIFIED

UNIIOD IF I ED

III. MODIFIED

UNPIODIF IED

IV. MODIFIED

UNMODIFIED

V. MODIFIED

UNPF3DIF I ED

VI . MODIFIED

UNMODIFIED

PC I /G
IN SOIL

8.85

0.12

2.00

4.70

7.30

17. OB

15.00

77.00

7.30

17.60

9.5B

14.70

5 YRS

0.0000

0.0000

0.0001

0.0003

0.0004

el. flnlo

0. 00E19

0.0046

0.0004

0.0011

E!.0B06

e.130D9

EXPOSED
10 YRs

0.0000

0.0001

0.0008

0.0020

0.0031

a.af371

0.t3063

0.0323

0.0031

EI.0L374

n.eln4R

e . EKW

30 YRS

0.0003

0.0007

0.0122

0.0287

0.0445

‘a. l@37

0.0915

0.4697

@.8445

a. lEi74

B. 13579

0.085?

50 YRS

0.0009

0.0022

0.0360

0.0846

43.1314

~ . 3@~0

EI.270@

1.3860

@.1314

Q.~l~El

n.171El

C1.2E4E<
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Table 229. Cumulative reins to organs from
239,240 Pu via inhalation pathway, liver.

LIVINGP9TTEFN

I. tlD121FIEl?

IJNMOD IF I ED

II. MODIFIED

LINMoDIFIED

IIT. MCIPIFIEP

UNMODIFIED

IV. MODIFIED

UNMODIFIED

V. MOI)IFIED

UNMCIDIFIED

VI . MODIFIED

UNMODIFIED

case represents the current conditions;

“village graveled” shows the effect of

placing a 5-cm gravel layer in the village

area; and “ plowed” indicates

the effect of thoroughly mixing the top

30 cm of soil in the specified area.

D
marine food chain

Doses via the marine and terrestrial

food chains were estimated using the

following differential equationto describe

the intake and retention by man:

dC rf
man . manC-l
dt n! cman man (3)

where

c = concentration of nuclide in
man

man, pCi/g

II-4 1

1=

f .
man

c=

M=

and

A=
man

food intake, gJday,

fraction ofnuclide ingested

reaching the organ of

reference,

concentration of nuclide in

food product, pCi/g, (i. e.,

fish, shellfish, coconut, land

crab, etc.),

mass of the organ of refer-

ence, (g),

effective elimination rate of
-1

nuclide from man, (day ).

(x =k.
biological

+x
radioactive )

man

The concentration C in the food products

is calculated assuming that the nuclide



Table 230. Cumulative reins to organs from
239,240

Pu via inhalation pathway, lung.

, ...,.iizL, =~7EPh/

1. . t?~DIF!ED

IJ’IMEIDIF IE~

II. flDPIFIEIl

UIIMODIFIEII

liI. IT3DIFIE13

lJt4Mar,IFIE~

IV. MODIFIED

UNM13DIFIED

V. MODIFIED

UNMODIFIED

VI. MODIFIED

UNMODIFIED

disappears only by radioactive decay,

i. e., that no other processes are in

operation which reducethe nuclide avail-

ability in the food chain. Therefore

C = Coe-xrt, where Co is the concentra-

tion observed at the time of the survey

and hr is the radioactive decay constant.

The concentration in man at any timet

after initial consumption of the food is:

If C
c man o

man ‘M(A k
man- r)

(
-Art -Amant

Xe -e ),pCi,g. (4)

The dose at any time t after initial con-

sumption is

30 YPS

@.aclo4

@.n13ag

0.0152

0.035?

0.0555

~. l~g~

EI.11413

0.5852

0.0555

@.1338

0.0722

E1.1117

50 YFS

F_I.013C16

@.@@16

@.@260

0.0611

lzl”.@949

13.221R

@. 195@

1.8810

8.0949

0.2288

EI.1235

a. 1911

70 YRs

0.00139

0.0022

~.0360

0. 0S46

0.1314

0.3@6LI

0.2700

1.3~68

0.1314

0.3168

0.1710

@.2646

I
t

Dose ( rem) = KE Cman dt
o

L
t I fman Co

= KE
A

o ‘man r~

(
-Xrt -Ammt

Xe -e )dt, (5)

where K is a conversion constant from

pCi/g to rem and equals 5.1 X 10-5
disintegrations. g. rem and ~ iS the di5

pCi. MeV. day
integration energy of the nuclide in MeV,

including a factor for relative biological

effectiveness (RBE). The final dose is

then determined from the integration of

the equation, i. e.,
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KE I fman CO
Dose = ~ x k

man r)

[

-Art -A t
man1x1+-*’‘em”(6)

Table 232 lists the fman (FMAN),

A
radioactive ‘LR)’ ‘man ‘LMAN)’ and

disintegration energy (E) values for all

of the isotopes in the dose calculations.

Fish and marine organism data from

the survey have been found not to have any

statistically significant differences for

dose estimation purposes between samples

taken in different parts of the lagoon.

The radionuclide concentration, Co, used

in the marine food chain dose assessment,

therefore, is the average value for all

fish from the entire Atoll determined from

the survey and is listed in Tables 233 and

234 for each nuclide. The average values

for radionuclide concentrations listed in

the tables are in pCi per gram dry weight,

with data corrected to pCi per gram wet

Table 231. Estimated integral external free-air gamma doses.

Gamma dose. rad
Time interval, yr

Case Living pattern 5 10 30 70

I Village: FRED/ELMER/DAVID

Visits to ALVIN-KEITH

Time distribution: Table 137

Unmodified 0.14 0.28 0.83 1.92”

11 Village: FRED/ELMER/DAVID

Visits to ALICE-WTILMA

Time distribution: Table 137

Unmodified 0.38 0.68 1.59 2.97

3. Northern islands plowed (0.22) (0.41) (1.08) (2.26)

III Village: JANET

No visits to other islands

Time distribution: Table 137 with “other

islands” time spent in interior of JAI’JET

Unmodified 0.94 1.71 3.95 6.66

1. Village graveled (0.82) (1.49) (3.48) (5.96)

2. JANET plowed (0.36) (0.68) (1.70) (3.24)

IV Village: BELLE

Visits to ALICE-WILMA

Time distribution: Table 137

Unmodified 2.72 4.78 10.06 15.50

1. Village graveled (1.78) (3.14) (6.69)(10.53)

2. Plus BELLE plowed (0.83) (1.47) (3.26) (5.47)

3. Plus Northern islands plowed (0.68) (1.23) (2.77) (4.76)
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Table 231 (continued).

v Village: JANET

Visits to KATE-WILMA

Time distribution: Table 137

Unmodified

1. Village graveled

0.71 1,28 2.94 5.06

(0.59) (1.07) (2.48) (4.36)

2. Plus JANET plowed (0.36) (0.66) (1.59) (3.02)

3. Plus KATE-WIL~4 plowed (0.29) (0.54) (1.36) (2.71)

Gamma dose, rad

Time interval, yr

Case Living pattern 5 10 30 70

VI Village: JANTET

Visits to ALICE-IRENE

Time distribution: Table 137

Unmodified 1.15 2.03 4.39 7.13

1. Village graveled (1.02) (1.81) (3.93) (6.43)

2. Plus JANET plowed (0.80) (1.41) (3. o5) (5. o9)

3. Plus ALICE-IRENE plowed (0.43) (0.78) (1.85) (3.39)

VIa Village: JANET

Visits to ALICE-WILMA

Time distribution: Table 136

Unmodified O. 76 1.37 3. lQ 5.33

1. Village graveled (0.62) (1. 12) (2.58) (4.51)

2. Plus JANET plowed (0.41) (0.75) (1.77) (3.27)

3. Plus Northern islands plowed (0.30) (0.56) (1.40) (2.76)

VIb Village: JANET

Visits to ALVIN-KEITH

Time distribution: Table 136

Unmodified 0.60 1.10 2.60 4,60

1. Village gra~’eled (0.48} (0.8S) (2. 14) (3.90)

7-. Plus JANET plowed (0.25) (0.4S) (1. ?6) (?. 56)

Mean population dose

(Average of Cases I, 11, 111, Y, and ITI)

Unmodified 0.66 l.~o ~.~q 4,75

1. Village graveled (0.50) (1.07) (2.4(i) (4.33)

9-. Plus J.ANET plowed (0.41) (0.74) (1.75) (3. ?5)

3. Plus All Northern islands plowed (o.~n) (o.~q) (1.36) (~,70)

Sea level, 11.S. A.

(80 mrad/yr) Typical 0.40 0.:0 2,40 5. (i{)
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Table 232. The disintegration energy E and the radioactive half-life LR are listed for each
radionuclide. The effective biological half-time LMan and the fraction of
ingested isotope reaching the organ of reference FMan are listed for three
receptor organs, bone, liver, and whole body.
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Table 233. Average concentration, number of samples in the average, standard deviation, and
high and low of the range for all fish in the entire Enewetak Atoll.

NO. OF fIVEF!RGE STRNDr2RD RFINGE PC I/GRr?M WERQGE
NUCL IDE TIS5UE

LOGNORMRL
5FWIPLES PC I zGl?fIM* DEV1f3TI13N HIGH LOW PC 1,’GRRM** Mm 19N Pc Im?m’1

%’

.



Table 234. Radionuclide concentrations in fish (January 1972).

Concentration, pCiig dry weight
Nuclide Sample No. of Samples Average High Lowr

137CS All fisha 128 0.39 6.8 0.026

60co All fisha 128 2.0 38 0.041

90Sr All fisha 125 0.16 1.5 0.0010

90Sr Eviscerated 74 0.21 --- ---

whole fish

90Sr Fish muscle 51 0.075 --- ‘--
only

aAll fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscle was analyzed.

weight for use in the dose code by dividing

by 3.5, the average wet-to-dry ratio for

fish from the Atoll.

Integral doses calculated from the

marine survey data are listed in Table

235 for the whole body and bone for 5,

10, 30 and 70 yr. The major contribution

to the whole-body dose comes from
137CS

60
and Co, while the bone dose comes

from
90

Sr, as well as from
137

Cs and

60co. The third line of the table gives

the summation of the dose to each organ

from the three isotopes. The bottom entry

in the table lists the dose from all radio-

nuclides listed in the Table 235 footnote.

D
terrestrial food chain

Evaluation of the potential dose to the

returning population via the terrestrial

food chain has been structured on the

basis of the living patterns in Table 225.

The quantity of radionuclides ingested via

terrestrial foods was computed from the

measured and predicted concentration of

activities according to the expected daily

diets listed in Table 227. Except for

coconut and arrowroot, the daily intake

of the food items listed in this table refers

to g/day of fresh food. The g/day intakes

listed for coconut and arrowroot refer

to the dry weight intake of coconut meat

( copra) and processed arrowroot starch.

Inferred initial ingestion rates assuming

the diet at time of return are shown in

Table 236. This diet contains only foods

that are available on islands of the group

at the time of return, i. e., domestic

meat, birds, bird eggs, coconut crabs,

and, in the case of the southern islands,

coconut meat and coconut milk.

The 30- and 70-yr integral doses were

calculated assuming the 10-yr post-

return diet. In addition to the foods that

are available at the time of return, the

10-yr post-return diet includes pandanus

fruit, breadfruit, arrowroot, coconut

meat, and coconut milk for all islands.

The initial rates of ingestion for each

island group assuming the 10-yr post-

return diet are listed in Table 237. These

values are presented in two parts; the rates

of ingestion for the foods immediately

available are presented on the left side of

Table 237 under January 1, 1974, while

the rates of ingestion for the foods that

are to become available 8 yr after return

II-4 7
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Table 235. Integral doses for 5, 10, 30, and 70 yr from the marine food chain.

Integral dose, remb

5 yr 10 yr 30 yr 70 yr

Nuclide W. B. Bone W. B. Bone W’. B. Bone W’. B. Bone

137CS 0.0061 0.0061 0.012 0.012 0.030 0.030 0.049 0.049

60co 0.0078 0.0078 0.012 0.012 0.017 0.017 0.017 0.017

‘OSr --- 0.13 --- 0.31 --- 0.77 -- 1.3

Sum 0.014 0.14 0.024 0.33 0.047 0.82 0.066 1.4

All
nuclidesc O. 016 0.14 0.028 0.34 0.053 0.84 0.089 1.6

aThe dose is based upon the average concentration for fish from the entire
Atoll and upon a dietary fish intake of 600 g/day. These doses apply to all
six living patterns.

bThe concentration data were corrected to January 1974, the earliest possible
return date to the Atoll; all integral doses are calculated for periods which
begin on January 1974.

cIsotopes included in the “All nuclides” calculation:

3H 60co 102Rh

14C 90Sr 113Cd

55Fe 106Ru 125Sb

are presented on the right side of

Table 237 under the 8-yr post-return date,

January 1, 1982. In essence, the foods

immediately available are assumed to

contribute to the diet beginning January 1,

1974, and the edible plants that are yet to

be established are assumed to contribute

to the diet beginning January 1, 1982.

Using these data, plus the integrated

dose per unit rate of ingestion to whole

body and bone shown in Table 238, the

integral 5- and 10-yr doses shown in

Table 239 have been calculated. The

5- and 10-yr dosa~es particularly relate

to the situation during the initial few

years follow ing return.

137CS
152EU 235U

133Ba
155EU

238PU

144Ce 207Bi 239PU

241Am

In computing the bone dose, the whole-

body dose from
137

Cs and the other non-

bone seekers has been added to the bone

dose from
90Sr and 239,240PU0 The

whole-body dose has been computed as the

sum of the whole-body dosages from the

non-bone seekers.

Similarly, integral 30- and 70-yr

doses have been calculated assuming the

10-yr post-return diet (Table 240).

Total Dose

The total 30-yr integral dose pre -

dieted for whole body and for bone for

the six living patterns are listed in

Table 241. This table includes the con-

tributions from each pathway and, for

II-4 8
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Table 2360 Rate of ingestionof radionuclides from terrestrial foods assuming diet
at time of return (Jan. 1, 1974).

Ingestion rate, pCi/day

Food item 3H 55Fe
60C0

‘OSr 137CS
239, 240fi

A. Island group ALICE-IRENE

Pork and chicken

Wild birds 984

Bird eggs 69

Total 1050

B. Island group BELLF

Pork and chick en

Total

C. Island group JANET

Pork and chicken

Wild birds 1800

Bird eggs 171

Total 1970

D. Island group KATE-WILMA, LEROY

Pork and chick en

Wild birds 1800

Bird eggs 113

Coconut crabs 0.480

Total 0.480 1900

E. Island group ALVIN-KEITH

Pork and chicken

Wild birds 1700

Bird eggs 131

Coconut 29.3 <23

Coconut milk 14.9 <11

Coconut crabs 2.91

Total 47.1 1850

6.21

<0.29

6.35

7.70

<0.39

7.89

7.70

<0.28

1.03

8.87

6.41

<0.35

<2.9

<1.42

4.23

13.7

185

1.21

0.45

187

302

302

108

0.29

0.97

109

47.4

0.29

0.02

1.96

49.7

6.18

0.37

0.02

3.35

0.17

2.58

12.7

3100

<2.4

<0.24

3100

6960

6960

2320

2.5

0.6

2320

858

2.50

<0.25

7.59

868

50.9

2.55

<0.35

68.7

0.143

0.0074

0.150

0.100

0.074

0.174

0.100

0.077

0.0035

0.180

0.704

0.003

~O. 259

3.44 <0.129

9.31 0.023

135 (). 99
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Table 237. Rate of ingestion of radionuclides from terrestrial foods assuming 10-yr post-return diet.

— — -— ——. . —...
Ingestion rate, pCi/rtay

.January 1, 1974 January 1, 1982

Food item 3[1
5:1 60C0 90 137C5 239, 240Pu 3H 55Fe 6 Oco 90 137C5 239, 240W

Fe Sr Sr

A. Islam] group A1, I(’E-II{RNE

l)r)tnestic meat

Pandanus fruit

IIrr,a[ifruit

Wilrl birds

Ilir(l eggs

Arr<>wr,)[>t

(<or(lnut meat

(’o{onut milk

Total

r]. island group 13111JI, E

Domestic meat

Pandanus fruit

flreadfruit

Arrowr[)(jt

(’or{)nl!t mrat

(“(j(onut milk

Total

(“. , Islan(l gr(mp ,fANfZT

Dnrnrstir meat

Pandanus fruit

13readfruit

Wild birds

Ilird eggs

Arrowroot

Coconut meat

Coconut milk

Total

308 5170

] 97 1.24 0.242 <0.5 0.0286

34.5 <0. 14 0.226 <0.1 0.0037

231 1.31 308 5170 0.0323

504 11600

504 11600

180 3870

360 1.54 0.058 0, 50 0.020

85. 5 “0.19 0.482 0.29 0.037

445 1.64 181 3870 0.057

23.7 “664

35.6 <37

59.3 683

1.34

1.15

2.50

7.12

6.10

<2.54

14.5

941

807

47
<16.3 135

<8, 5 20

12.4 1950

<1.46 1540

<1.25 1320

77

221

33

1.35 3180

<1.25 550

<1.07 471

28

<1.85 79

<2.27 12

3.22 1140

8840

7570

71

2210

331

19000

19800

17000

159

49fio

743

42700

6610

5560

53

1650

248

14100

18.1

<1.7

19

<9.5

<8. 1

8.8

0.082

0.071

<1.31

0.81
.
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Table 237 (Continued).

lngestiOn rate, p~ijday

,January1, 1974 January 1, 1982

Po(xI ;tcm % 551w 60(.0 ‘OSr 137C5 239,240Pu 3H 55Fe 60c:o ~JOSr 137c~ z39, Z401,,,

D. Islaml grol]p KATI?-WI1, MA ~ LEROY

Domestic meat 79

Pandanus fruit

13readfruit

Wild birds 360 1.54 0.058

Bird eggs 56 to. 14 0.01

Arrowroot

Coconut meat

Coconut milk

Coconut crabs 0.480 1.03 1.!36

Total 0.480 416 2.59 81

E. Island group AI, VIN-KEITH

Domestic meat 10.3

Pandanus fruit

Breadfruit

Wild birds 340 1.28 0.073

Bird eggs 65 co. 17 0.009

ArrowrOot Nd available

CocOnut meat 29.3 <23 <2.9 3.35

Coconut milk 44.6 <33 <4.2 0.50

Cocrmut crabs 2.91 4.23 2.58

Total 76.8 433 9.17 16.8

1430

0.50 0.020
<0.12 0.039

7.59 0.003

1440 0.062

84.9

0.51 0.141

<0.17 0.002

68.7 <0.259

10.3 <0.386

9.3 0.023

174 0.488

3.94

3.38

19.0 204

28.5 <6.44

47. !5 215

1.33

1.14

I

2.48

<13.8

<11.8

<1.05

<2.27

14.4

<0.65

<0.56

0.60

241

207

12

34.7

5.2

500

9.44

8.09

0.47

18.0

2480

2120

20

619

93

5330

85.4

73.2

0.68

15!7

0.316

0.271

<fI.64

<(J. 38

5.0

0.156

0.134

0.290



Table 238. Integrated dose per unit rate of ingestion to whole body and bone.

‘T’
rem/pCi/day

Period of integration

Nuclide (1-gan 2 yr 5 yr 10 yr 22 yr 30 yr 62 yr 70 yr

3H Whole body 4. 51(-8)a 1.05(-7) 1.85(-7) 3. 05(-7) 3.51(-7) 4.17(-7) 4.23(-7)

55Fe Whole body 7. 50(-8) 2.35(-7) 3.73(-7) 4. 29(-7) 4.32(-7) 4.32(-7) 4.32(-7)

60C0 Whole body 1.27(-5) 2.96(-5) 4.65(-5) 6.09(-5) 6.33(-5) 6.46(-5) 6.46(-5)

!1()
Sr Rone 2.87(-3) 1. 08(-2) 2.39(-2) 4.99(-2) 6. 33(-2) 9.70(-2) 1.02(-1)

137(,5 Whole body 3.4!-)(-5) 9.62(-5) 1.89(-4) 3.74(-4) 4.71(-4) 7.22(-4) 7.61(-4)

23!), 240pu

Bone 1.51(-6) !). 39(-6) 3.71(-5) 1.75(-4) 3. 19(-4) 1.27(-3) 1, 59(-3)

~ aT’he nurmber within parentheses denotes the power of 10. Thus, 4. 51(-8) is a contraction of 4.51 X 10-8 rem/pCi/day.
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Table 239. Prediction of the dosage frOm ingestion of terrestrial foods assuming diet at the time of return.

5-yr dose, rem 10-yr dose, rem
Isotope Whole body Bone Whole body Bone

A. Island group ALICE-IRENE

3H

55Fe 2. 5(-4)a

60
co 1.9(-4)

‘OSr

137CS
O. 298

239, 240~

Subtotal O. 298

Total 5-yr whole-body dose

Total 5-yr bone dose

B. Island group BELLE

55Fe

60co

‘OSr

137CS
0.669

239,240W

Subtotal 0.67

Total 5-yr whole-body dose

2.02

1.4(-6)

2.02

0.30 rem

2.32 rem

3.26

3.26

0.67 rem

2.7(-6)

4.4(-4)

4. 5(-4)

10.1

1.25

3.4(-5)

1.25 10.1

Total 10-yr whole-body dose 1.25 rem

Total 10-yr bone dose 11.3 rem

1.9(-7)

1.7(-5)

16.3

2.81

1.3(-5)

2.81 16.3

Total 10-yr whole-body dose 2.81 rem

Total 5-yr bone ,dose 3.93 rem Total 10-yr bone dose 19.2 rem



Table 239 (Continued).

5-yr dose, rem lo-yr dose, rem

Whole body Bone Whole body Bone
Isotope

c. Island group .JANET

55Fe 4.6(-4)

60co 2. 3(-4)

90Sr 1.18

137c~ 0.223

239, 240PU 1.6(-6)

Subtotal O. 224 1.18

Total 5-yr whole-body dose O. 22 rem

Total 5-yr bone dose
1,40 rem

~
D. Island group KATE-WILMA + LEROY

&
& 3H 5.0(-8)

55Fe 4. 5(-4)

60co 2.6(-4)

90Sr O. 536

137CS 0.0B35

239, 240PU 1.7(-6)

Subtotal 0.0842 0.536

Total 5-yr whole-body dose
0.084 rem

Total 5-yr bone dose
0.620 rem

7.4(-4)

4, 1(-4)

5.88

0.831

7.6(-6)

0.932 5.88

Total 10-yr whole-body dose O. 93 rem

Total 10-yr bone dose
6.82 rem

2.2(-6)

7.3(-4)

6.0(-4)

2.62

0.350

1.4(-5)

0.351 2.62

Total 10-yr whole-body dose O. 351 rem

Total 10-yr bone dose
2.97 rem
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Table 239 (Continued)

5-yr dose, rem 10-yr dose, rem
Isotope Whole body Bone Whole body Bone

E. island group ALVIN-KEITH

3H 4, 9(-6)

55Fe
4.4(-4)

60co 4. 1(-4)

90Sr ‘

137CS
0.0130

239, 240PU

Subtotal 0.0138

~ Total 5- yr whole -body dose

&
m

Total 5-yr bone dose

8.7(-6)

6.9(-4)

6. 5(-4)

0.137 0.355

0.0311

9. 3(-6) O. 0324 3.7(-5)

0.137 0.0324 0.303

0.014 rem Total 10-yr whole-body dose O. 032 rem

O. 151 rem Total 10-yr bone dose O. 387 rem

aThe number within parentheses denotes the power of 10. Thus, 2. 5(-4) is a contraction of 2.5 X 10-4.

—



Table 240. Prediction of the dosage from ingestion of terrestrial foods assuming 10-yr post-return diet.

Ingestion rate, Ingestion rate,
~_O-yr dose, .Eqg 7CI-yr d~se~<e.rnpCi/day 22-yr dose, rem 62-yr dose, rempCi/day

ls~)trlpe January 1, 1974 Whole body 130nr Whule body 130ne January 1, 1984 Whole body Bone Whole body Bone

A. Island group

ALICE-IRENE

3H

55Fe
231

Goco
1.31

!)o
Sr 308

137(,s
5170

239, 240~
0.0323

Subtotal

Total 30-yr whole-body dose

Total 30-yr bone dose
❑

&
a H. Island group

F3EI,LE

55Fe

Goro

9osr
504

137(,s 11,600

23!1,240 r%

Subtotal

Total 30-yr whole-body dose

Total 30-yr bone dose

1.0(-4)a 1.0(-4)

8.3(-5) 8. 5(-5)

19.5

2.44 3.!33

1.0(-5)

2.44 19.5 3.93

9.55 rem

I21i rem

59.3 1.8(-5)

683 0.0003

12.4 0.0008

31.5 1950

19,000 7.11

5.1(-5) 19

31.5 7.11

Total 70-yr whole-body dmse

Total 70-yr bone dose

2. 5(-5)

0.0003

0.0008

97.3 190

13.7

0.003 0.024
97.3 13.7 190

17.7 rem

239 rem

2.50 1.1(-6) 1.1(-6)

1.35 8.2(-5) 8.7(-5)

31.9 51.4 3180 159 30!)

5.413 8.83 42,700 16.0 30.8

8.8 1. 5(-3)

5.46 31.9 8.83

1. 1(-2)

51.4 16.0 159 30.8 30!1

21.4 rem Total 70-yr whole-body dose 39.6 rem

212 rem Total 70-yr bone dose 400 rem

.



Table 240 (Continued).

Ingesti On rate, Ingestion rate,_30-yr dose. rem 70-yr dose. rem-pCi/day pCi/day 22-yr dose, rem 62-vr dose. rem—.

Isotope January 1, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone

c. Island group

.JANI?T

55Fe 445

(iOco 1.fi4

90Sr 181

137rq 3870

23(1,240 111 0.057

Subtotal

Total 30-yr whole-body dose

‘rutal 30-yr bone dose

❑
D. Island group

&
4 KATE-WI I>MA + LEROY

3H 0.480

55Fe 416

60co 2.59

90Sr 81.0

137<.9 1440

23{) ’240Pu 0.062

Subtotal

Total 30-yr whole-body dose

Total 30-vr bone dose

1.9(-4)

1.0(-4)

1.82

1.82

7.10 rem

75.4 rem

2(-7)

1.8(-4)

1.6(-4)

0.677

0.677

2.67 rem

32.7 rem

1.9(-4)

1. 1(-4)

11.4

2.95

1.8(-5)

11.4 2.95

2.0(-7)

1.8(-4)

1.7(-4)

5.13

1.09

2. 0(-5)

5.13 1.09

14.5 6. 2(-6)

3.22 2. 0(-4)

18.4 1140

14, 100 5.28

9. 1(-5) 0.806

18.4 5.28

Total 70- yr whole-body dose

Tota170-yrb one dose

47.5 1. 5(-5)

215 9.2(-5)

14.4 8.8(-4)

8.26 500

5330 1.99

9. 8(-5) 4.96

8.26 1.99

Total 70-yr whole-body dose

Total 70-vr bone dose

6.2(-6)

2. 1(-4)

56.9 111

10.2

1.4(-4) la-3)
56.9 10.2 111

13.1 rem

142 rem

2. 0(-5)

9. 3(-5)

9.3(-4)

24.9 48.5

3.85

8.7(-4) 6. 3(-3)

24.9 3.85 48.5

4.94 rem

61.7 rem.



Table 240 (Continued).

Ingestion rate, Jngestion rate,
pC’i/day 30-yr dose. rem 70-yr dose, rem pCi/day 22-yr dose. rem

Isotope
_62-yr dose, rem

Jan[lar 1, 1974 Whole btxly 13vne Whole ho{iy 130ne January 1, 1984 Whole body Bone Whole body Bone

f2. Tslanrl group

ALVIN-KEITH

% 76.8 1. 3(-5) 3. 3(-5)

55ve
433 1,9(-4) 1.9(-4) 2.48 1. 1(-6) 1. 1(-6)

60
co 9.17 5, 8(-4) 5. 9(-4) 0.60 3.7(-5) 3.9(-5)

‘)OSr 16.8 1.07 1.72 18.0 0. 8!38 1.75

137CS
174 0.0819 0.132 159 0.0596 0.115

239, 2401,U 0.49 1.6(-4) 7.8(-4) “ O. 290 1. 8(-4) 1.3-3)

Subtotal O. 0826 1.07 0.133 1.72 0.0596 0.898 0.115 1.75

Total 30-yr whole-body dose O. 142 rem Total 70-yr whole-body dose 0.248 rem

❑ Total 30-yr bone dose 2.11 rem Total 70-yr bone dose 3.71 rem
,
&l
cm

aThe number within parentheses Clenotes the power of 10; thus, 1.0(-4) is a contraction of 1.0 X 10-4.



Table 241. The 30-yr integral dose for the six living patterns assuming unmodified conditions.

30-yr integral dose, rem

Unmodified conditions

Inhalation External Terrestrialb Marineb Total

Living Bone, a

pattern Bone Lung Liver W.B. W. B. Bone W. B. Bone W.13. Bone

I 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

111 0.10 0.13 0.056 4.0 7.1 75 0.053 0,84 11 80

Iv 0.47 0.59 0.25 10 21 210 0.053 0.84 31 220

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

H VI 0.090 0.11 0.049 4.4 9.6 130 0.053 0.84 14 135
‘7
W
w

Living pattern Village island Agriculture Visitation

I Enewetak-Parry ALVIN-KEITH Southern Is.

II Enewetak-Parry KATE-WILMA + LEROY Northern Is.

111 JANET JANET Northern Is.

IV BELLE BELLE Northern Is.

v JANET KATE-WILMA + LEROY Northern Is.

VI JANET ALICE-IRENE Northern Is,

aTaken from the chapter on external dose estimates, Table 22.
bBased upon diet 10 yr after return, as described in the dietary and living patterns chapter.
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the external dose assessment, is based

upon the unmodified conditions for the

village island. The largest contribution

to the whole-body and bone doses comes

from the terrestrial food chain, the ex-

ternal dose pathway is the next highest

contributor, and the marine food chain

and inhalation pathway contribute the

least.x The relative contributions of each

diet component to the terrestrial pathway

dose is shown in Tables 242 and 243.

In general, living on JANET, visiting

northern islands, and maintaining

agriculture on northern islands (living

patterns 111, V, and VI) lead to s ignifi -

cantly higher doses than if the village Wd

agriculture are located on islands in the

southern half of the Atoll (living pattern

I). Doses for these same patterns have

been calculated for 5, 10, and 70 yr and

are shown in Table 244.

The most significant contribution via

the terrestrial food chain is the dose to

bone resulting from 90
Sr uptake via

.,,
‘“As indicated earlier, these dose cal-

culations assume that the Enewetak peo-
ple will continue their current practice of
using catchrnent rain water for drinking
and that the underground lens water sup-
ply will not be a part of their diet. An
indication of doses that are to be expected
from lens water may be obtained from
four water samples taken on JANET in
July 1971. These samples, two each
from each of two 2.5-m-deep holes about
100 m from the lagoon shore, gave aver-

d
a e concentrations of 130 pCi liter for
9~Sr, and 400 pCi/liter for 1 7cs. 239pu
concentrations were scattered (<0.03, 21,
<0.03, and 17 pCi/liter) but, for our cur-
rent purpose, we will assume an average
value of 20 pCi/liter.

Using these concentrations, and
assuming an average daily intake of
100 ml of lens water, the resultin 30-yr

Q@doses would be 0.83 rem due to u Sr,
0.019 rem due to 137CS, and 0.00082 rem
due to 23gPu.

pandanus fruit and breadfru it. For living

pattern HI, for example, the total

terrestrial bone dose is 75 rem, of which

74% is derived from the intake of bread-

fruit and pandanus. It is important to note,

however, that the large contribution to

the bone dose via these fruits occurs only

when they are grown on northern islands.

Pandanus and breadfruit grown on the less

contaminated southern islands lead to

much lower dose commitments.

Table 245 shows the 30-yr integral

dose for the six living patterns for the

modified soil condition, i. e., where the

village area has 5 cm of gravel and the

village island is plowed. Table 246

shows the 5-, 10-, 30-, and 70-yr dose

estimates for the same conditions.

Table 247 shows the additional effect

on the 30-yr integral dose of limiting

growth of pandanus, breadfruit, coconut,

and tacca to the southern islands, while

Table 248 shows the effect of limiting all

terrestrial foods to the southern islands.

The effect of the combination of these pre-

ventive measures reduces the dose for

living pattern HI from 11 rem to 1.9 rem

for whole body and from 80 to 4.7 rem

for bone.

A comparison of the 30-yr integral dose

for living patterns I and 111relative to the

average United States external background

dose” over 30 yr is shown in Table 249.

Plutonium isotopes, because of their

long half-lives, will still be present

when the other major isotopes observed

at the Atoll have decayed away; therefore,

Tables 250 and 251 are included to show

the predicted doses from plutonium to

the three major receptor organs (lung,

liver, and bone) via the three relevant

exposure pathways.
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The island of YVONNE presents a

unique hazard on Enewetak Atoll. Pure plu-

tonium particles are present on or closeto

the ground surface, randomly scattered in

“hot spots” over most of the area from the

tower to CACTUS crater. Examination of

these “hot spots” has revealed the presence

of occasional milligram-size pieces of plu-

tonium metal, as well as smaller pieces

which are physically indistinguishable in

size from the surrounding coral matrix.

Given these current conditions, it must be

assumed that pure plutonium particles of

respirable size are now also present onthe

surface or may be present in the future as

weathering effects oxidize and break down

the larger particles. Lung dose assess-

ments for this area, therefore, must be

based on inhalation of pure plutonium

particles rather than those having the av-

erage plutonium content of the soil.

The potential health hazard via the

inhalation pathway is sufficiently great

to dictate two basic alternatives for

remedial action for this island: (1) Make

the entire island an exclusion area – off

limits to all people, or (2) conduct a

cleanup campaign which will eliminate

the “hot-spot” plutonium problem and

remove whatever amount of soil is

necessary to reduce the soil plutonium

concentration to a level comparable to

other northern islands. As an indication

of the volumes of soil involved, removal

of a 10-cm-thick layer of topsoil in the

area in which “hot spots” have been

detected involves approximately 17,000

m3 of material. Further removal of soil

to reduce the maximum plutonium con-

tamination levels to 50 pCi/g or less

involves an additional 25,000 m3 of

material.

Table 242. Relative contributions of terrestrial foods to the integral dose assuming
diet at time of return.

Percentage of total 5-yr Percentage of total 1O-yr

Food item 90
Sr dose

137
Cs dose

90
Sr dose

137
Cs dose

to bone whole body to bone whole body

A. Island group ALICE-IRENE

Domestic meat

Pandanus fruit

Breadfruit

Wild birds

Bird eggs

Arrowroot

Coconut meat

Coconut milk

B. Island group BELLE

Domestic meat

Pandanus fruit

Breadfruit

Arro~vroot

Coconut meat

Coconut milk

98.9 100 43.9

26.8

23. 1

0.65 <0. 08 0.29

0.24 cO. 008 0.11
1.3
3.9

0.57

44.2

2?. o

23.2

1.4

3.9

0.58

100 100

46.9

24.7

21. 1

0.04

0.004

0.20

6. ~

0.93

4’7. 1

24.6

21.1

0.20

6. ~

O. 92
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Table 242 (continued)
Percentage of total 5-yr

Percetltage of total 1~-:~r
90 13i Cs dose

90 137CS dose
Sr dose

Sr dose
Food item to bone lVhole boLi3’

to bone whole body

c. Island group JANET
99.1

DomestiC meat

pandanus fruit

Breadfruit
cl. 27

wild birds
O. 89

Bird eggs

.,,25”.

&-roWrOOt

Coconut meat

c Oconut milk

D. Island group KATE-WILMA + LEROY
DOrnestiC meat

pandanus fruit

BreadfrUit

Wild birds

Bird eggs

ArrowrOOt

Coconut meat

c Oc Onut milk

Coconut crabs

E. Island grOuP
ALvIN -KEITH

Domestic meat

Pandanus fr~t

Breadfruit

Wild birds

Bird eggs

ArrOwrOOt

Coconut meat

Coconut milk

Coconut crabs

95.4

0.58

(). 04

3.9

48.7

2.9

0. “?

26.4

1.4

20.3

100

0.11

0.03

98.8

0.29

<0. 03

0.87

37.7

1.9

<0. 26

50.9

2.5

6.9

43.9

26.9

22.9

0.12

(). 39

1.4

3.9

(). 59

43.1

26.4

22.7

0.26

0.02

1.3

3.8

0.57

2.4

41.7

7.6

6.5

*5
0. 13

(). 38

22.6

1. 1

17.4

47.0

24. 8

20.8

cl. 05

0.01

l). 20

6.2

0.93

46.3

24.7

21.1

0.14

0.01

cl. 20

6.2

0.93

0.41

30.9

9.6

8. ~

1.5

o~l

(). 0s

41.8

~. 1

~. (;
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Table 243. Relative contributions of terrestrial foods to the integral dose assuming 10-yr post-return diet.

Percentage of total 30-yr dose Percentage of total 70-yr dose

90Sr dose to
13

7CS dose to 90~r dose to 137

bone
Cs dose to

whole body bone whole body

Commencement date Commencement date Commencement date Commencement date
Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

A. Island group ALJCE-lRENE

Domestic meat 16.7

Pandanus fruit

Breadfruit

Wild birds 0.01

Bird eggs 0.01

Arrowroot

Coconut meat

Coconut milk

Subtotal 17

B. Island group BELLE

Domestic meat 16.7

Pandanus fruit

Breadfruit

Arrowroot

Coconut meat

Coconut milk

40.2

34.5

2.0

5.8

0.85

83

40.2

34.5

2.0

5.8

0.86

25.5 14.2

34.7

29.6

<0.002 0.01

<0.0005 0.01

0.28

8.7

1.3

26 74 14

25.4 14.3

34.5

29.6

0.27

8.7

1.3

41.4

35.5

2.1

5.9

0.88

86

41.5

35.6

2.1

6.0

0.89

22.3

36.2

31.0

<0.002

<0.004

0.29

9.1

1.4——
22 78

22.3

36.1

31.0

0.29

9.0

1.4—.

Subtotal 17 83 25 75 14 86 22 78
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Table 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

90Sr dose to 137 Cs dose to
90

Sr dose to
137

Cs dose to
bone whole body bone whole body

Commencement date Commencement date Commencement date Commencement date

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

c-. Island group ,JANET

Domestic meat 16.,7

Pandanus fruit 39.6

Breadfruit 34.4

Wild birds 0.005

13ird eggs 0.05

Arrowroot 2.0

Coconut meat 5.8

Coconut milk 0.88

Subtotal 17 83

1). Island group KATI?-W1l..MA t IJ3ROY

Domestic meat 1(3.6

Pandanus frllit 39.8

Tlrcadfruit 34.2

Wild birds 0.01

Bird eggs 0.002

Arrowroot 2.0

Coconut meat 5.7

Coconut milk O. 86

Coconut crabs 0.41

25.7

0.003

0.002

26

25.2

0.009

0.003

0.13

Subtotal 17 83 25

14.2

34.8

29.3

0.005

0.04

0.28

8.7

1.3

74 14

14.2

34.8

29.7

0.01

0.002

0.28

8.7

1.3

0.35

41.2

35.3

2.1

5.9

0.90

86

41.2

35.4

2.0

5.9

0.89

22.6

36.6

30.7

0.003

0.002

0.29

9.1

1.4— —
23 77

22.0

36.2

30.9

0.008

0.002

0,29

!3.0

1.4

0.12—.
75 15 85 22 78
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Tablr 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

90 137 90 137
Sr dose to Cs close to Sr dose to Cs dose to

bone whole body bone whole body

Commencement date Commencement date Commencement date Commencement date

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

1?. Island group ALVJN-KEITH
28.3 30.3 26.2

Domestic meat 33.3

22.5 26.5 25.0
Pandanus fruit 24.1

20.6 19.4 22.7 21.4
Breadfruit

0.17 0.22 0.16
Wild birds 0.24

0.03 0.06 0.03 0.05
Bird eggs

Arrowroot 1.2 0.18 1.3 0.20

22.9 9.9 21.2
Coconut meat 10.8

1.5 3.2
Coconut milk 1.6 3.4

3.1 7.6 2.9
Coronut crabs 8.3

Subtotal 58 42 50 50 54 46
54 46
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TaMe 244. The 5-, 1O-, 30-, and 70-yr doses for the six living patterns assuming
unmodified conditions.

Total integral dose, rem
[]nmodificd conditions

Living 5 yr 10 yr 30 yr 70 yr

patter-n w . . Bone w. 13. 130ne . . Bone W. B. Bone

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

11 0.48 1.3 1. 1 4.3 4.4 35 8.0 68

III 1.2 2.6 2.7 9.2 11 80 20 150

IV 3.4 6.9 7.6 25 31 220 56 420

v 0.81 1.6 1.7 4.9 5.7 37 10 71

VI 1.5 3.8 3.3 14 14 135 25 250

Table 245. The 30-yr integral dose for the six living patterns assuming modified conditions.

30-yr integral dose, ~em
Modified conditions

lnhalatinn External Terrestrial Marine Total

T,iving

pattern T3(me IJung Liver Bone, W. B. W.B. Bone W. B. Bone W.B. Bone

I ~1

11 ()

IIT o

[ \“ o

-4 ) 4(-4) 2(-4) 0.83 0.14 2.1 0,053 0.84 1.0 3.8

012 0.015 6.6(-3) 1.1 2.7 33 0.053 0.84 3.9 35

045 0.056 0.024 1.7 7.1 75 0,053 0.84 8.9 78

(3!)2 0.11 0.050 3.3 21 210 0,053 0.84 24 215

~7 0.045 0.056 0, 024 1.6 2.7 33 0.053 0.84 4.4 35

VI 0.058 0.072 0.031 3.1 9. 6 130 0.053 0.84 13 135

aNlo~\i~i{(l l},>-gravcling the village arc:~ and Ijy plowing the village island.

‘\
n.

.
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Table 246. The 5-, 10-, 30-, and 70-yr doses for the six living patterns ass(lming

moclified conditions.

Total integral dose, r:m
Modi ficd corlditi(ms

living 5 ,yr ‘ 10 ,yr 3(I yr 70 yr

Ijat.terrl w. B. Bone w. 13. 130ne W. B. Bon c w. 13. 13011(.’

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

II 0.48 1.3 1. 1 4.3 3.9 35 8.0 68

111 0.60 2. 1 1.7 8.2 ~. !) 78 16 150

Iv 1.5 5. 0 4. :~ 22 24 215 46 410

v 0.46 1.3 1.0 4.3 4.4 35 8.0 68

VI 1. 1 3.4 2.7 13 13 135 23 250

aModified by ,qravelling the village area and plowing the village island.

~
‘1’able 247. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the

A
-1 southern islands.

30-yr integral dose, rem

Modified conditicmsa and pandanus, breadfruit, coconut, and tacca grown on southern islands

Inhalation External Terrestrialc Marine Total

l,ivinfl
Bone,

pmttcrn J30nc Lung Liver W.B. w. El. Bone W.B. Bone W. B. 130ne

I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

11 0.012 0.015 0.0066 1.1 0.77 7.1 0.053 0,84 1.9 9. 1

111 0.045 0.056 0.024 1.7 1.!) 15 0.053 0.84 3.7 18

[[r 0.0:)2 0.11 0.050 3.3 5. 7 39 0.053 0.84 !). 1 43

1’ 0.045 0.05G O. 024 1.6 0.77 7, 1 0.053 0.84 2.4 9.6

1’T 0.058 0.072 0.031 3.1 2.5 23 0.053 0.84 5.7 27

c~klodi(ied by glasekin~ tll(! village area and by plo~ving the village island.



Table 248. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the
southern islands.

3#-yr integral dose, rem
Modified conditions and agriculture on southern islands

Inhalation External Terrestrial Marine Total

I,iving Bone,

pattern Bone Lung Liver W. B. W. B. Bone W. B. Bone W.B. Bone

1 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

11 0.012 0.015 0.0066 1.1 0.14 2.1 0.053 0.84 1.3 4.1

111 0.045 0. 05fi O. 024 1.7 0.14 2.1 0.053 0.84 1.9 4.7

[v 0.092 0.11 0.050 3.3 0.14 2.1 0.053 0.84 3.5 6.3

v 0.045 0.056 0.024 1.6 0.14 2.1 0.053 0.84 1.8 4.6

VI 0.058 0.072 0.031 3.1 0.14 2.1 0.053 0,84 3.3 6.1

‘Modified by graveling the village area and by plowing the village island.

Table 249. The 30-yr integral dose from all pathways compared to U. S. external

__ background_ dose.
30-yr integral dose, d rem

(Unmodified case Modified case

I,l)[:lti{)n Whole? body Bone Whole body Bone

~:n[wctak Atoll
1,iving patt(’rn [ 1.0 3.8 1.0 3.8

Enewetak Atoll
living pattern 1[1 11 80 8.9 . 78

l;ncwctak Atoll
l,ivin~ pattern 111, agriculture
(’fmfined to southern islands 4.2 7.0 1.9 4.7

1~, S. background onlyh 3.0 3.0 3.0 3.0

aSl]m of all pathways for the Encwctak living patterns (i. e. , external, inhalation,

b
marinr, an(l terrestrial).

ll:Ise(l ~lpon I]a(kgroun{l of 100 mrcm/yr at sea level.

3

I
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Table 250. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes unmodified conditions on the village island.

Plutonium 30-yr integral dose, rem
[Jnmocfificd conditions

J.iving
Marine Terrestrial Inhalation Total

pattern Bone L,iver L,ung Bone Liver Lung Bone Liver Lung Bone Liver Lung

1 0.018 0.047 - 5.0(-5) 1.8(-4) - 7(-4) 4(-4) 9(-4) 0.018 0.048 !)(-4)

11 0.018 0.047 - 1.5(-3) 5.0(-3) - 0.029 0.016 0.036 0.049 0.068 0.036

III 0.018 0.047 - 6.!)(-3) 5.3(-3) - 0. lC 0.056 0.13 0.12 0.11 0.13

[V 0.018 0.047 - 3.0(-3) 0.010 - 0.47 0.25 0.59 0.49 0.31 0. 5:)

v 0.018 0.047 - 5.0(-5) 1.8(-4) - 0.11 0.058 0.13 0.13 0.11 0.13

VI 0.018 0.047 - 3.0(-3) 0.010 - 0.090’ 0.049 0.11 0.11 0.11 0.11

Table 251. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes modified conditions.

Plutonium 30-yr integral dose, rem
Modified conditions

Marine Terrestrial Inhalation Total

L,ivit}g
pat t.r’I’11 13011(’ l.ivcr 1.un g Bone Liver Lung Bone Liver Lung Bone Liver Lung

I 0.018 0.047 - 5. 0(-5) 1.8(-4) - 3(-4) 2(-4) 4(-4) 0.018 0, 047 4(-4)

H 0.018 0.047 - 1. 5(-3) 5. 0(-3) - 0.012 0.0066 0.015 0.032 0.057 0. 015

ILI (). 018 0.047 - 6. 9(-3) 5. :~(-:~) - 0.045 0.024 0.056 0.070 0.076 0. 056
I\, 0.018 0.047 - 3. 0(-3) 0.010 - 0.092 0.050 0.11 0.11 0.11 0.11

i’ 0.018 0.047 - 5. 0(-5) 1. 8(-4) - 0.045 0.024 0.056 0.063 0, 071 0.056

[’1 0.018 0.047 - 3.0(-3) 0.010 - O. 058 0.031 0.072 0.079 0.088 0.072
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APPENDIX III

REVIEWOF RADIATIOli PROTEQ~IOll STANDARDS

The Task Group has considered a number of concepts in devising an approach

to guidence for cleanup and rehabilitation of Enewetak Atoll, accepting

some and rejecting others. The concept that AEC recommendations should

consists of a series of alternatives or fall back positions with the

degree or level of radiation exposure reduction ultimately determined by

some later deliberation based on factors such as availability of funds or

reaccLGA, by .uthels tias Lejeciea. Tine constmsw o~ Ciie iask Group opinion

was that thsse recomnendaticns should be speci{ic a~ti unequivocal, arid

should establish a clear position on what is needed. To do less

would be unfair to the federal agencies who have accepted responsibilities

to perform the rehabilitations and to the Enewetak people who are lookin&

to this agency for advise.

The judgment of tile Task Group is that rehabilitation must confocn witl-i

current radiation standards and ~-ith ~ooil Ilealth physics practice in

implementing these standards. A sunmary of current raciiation protection

standards and r,aterial

standards reviewed and

follovs.

related to health risks that may be associate.d with

radiation criteria recommended by the ?ask Group
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& Federal Radiation Council (171C)

Ihsic FitC nunerical guidance and health protection philosophy are

similar to those of the ICRP and llC?~. P~diation Protection Guides

(l?!G’s) are provided which deal wit?l e-xposures of individuals and of

population groups. Act50ns are ta be directed primarily toward contrai

of the sources of radioactivity to restrict entry into the envimmmnt

but also tcr.~ard control of radioactive naterials after entry into the

environment in order to limit intake by hur.ans. The ?~G’s esTress the

dose that should not. be exceeded without careful consideration of the

reasons for doing so. i?vcr;r ,effort s-nould be made to encourage the

maintenance of radiation doses as far belo-.? this guide as practicable.

The ?~Cts are intended for use with norml l)QaCf2tiTlQ operations %erd

the level of t!le ZIG is considered as an accepta>lc ris;: for z lifecim.

e;iCCpt for t!lc

yezrs is used.

application of

gomads, ~:here the ICX’ recoim~Il~3cd value of 5 re-:s in 33

ZRC states t!mt the operational nechanism described for

criteria to Iinit the whole body dose for individuals tc

0.5 ?X?i? per year ruilti to limit exposure of a suitable sam~>le of the

population to 0.17 rem pez year is likely to assure tilat the gonadal

e:.~osure guide will not be exceeded.

The child, infant, and unborn ir.fant are identified as bzin~ nore sensitive

to radiation than the adult. E:<posures to be conpared wit?~ t!m guida~ce

are to be derived for the most sensitive mmbers in the population. The

guide for t!~e individual applies w!mn inciiv~dual ex?osv.resare knw.,m;
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A. Federal Radiation Colmcil (TT.C) .

Basic FIIC numerical ~uidance and health pr~teCtiOil philosophy are

similar to those of the IC?.? and liC?J. Radiation I%otection Guides

~?J?G1s) are provided which deal wit!l exposures of individuals and of

population groups. Actions are to be directed prinarily tot:ard control

of the sources of radioactivity to restrict entry into the environment

but also toward control of radioactive naterials

environrmn.t in order to liniK intake by hurtans.

dose that should not be ex~ee~ed ~t~~out careful

after entry into the

The ?.?G’s, es~ress Che

consideration of the

The child, infant, and unborn infant are identified as bcin~ more SC.IISitiI’e

to radiation than the adult. Ex~osurcs to be compared wit!l the ~itia~~~

are to be derived for ths i~ost sensitive znnbers in the population. T,12

guide for the individual ap~lies when individual exposures are hm.otm.;
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otherwise , the guide for a suitabie sample (one-third t!le guide for the

individual) is to be used. This opcratiofil technique may be modified

to meet special situations.

The FRC prinary nunerical guides, ek~ressed in rem, are provided in two

reports, FItC IJos. 1 and 2, summarized in Table 1. Secondary numerical

guides developed by HIC are ei~rcsscd in terns of daily inta!:e of s?ecific

radionuclides corresponding to the armual ~G*s. Consideration is given

to all radionuclides through all patiways to derive a total annual expxur~

for comparison with ‘FXC guides. However, for many practical situations a

relatively few radionuclides yield the major contribution to total

exposure; by comparison, ex~osures fron 3t?Aers are very st”tall.

TABLE I

Individual Population C-rcmn——..

Wimle body 0.5 rem/yr 0.17 rerniyr

Gonads 5 rems/30yrs
2/

Thyroid – 1.5 rems/yr 0.5 rem/vr

Bone marrow 0.5 rem/yr 0.17 rem/yr

Bone 1.5 rems/yr 0.5 rem/’yr

3/Bone (alternate– 0.003 ~g of 226pa
0.001 yg Cf .

guide ) 226
Ra in adult

in adult skeletcn

skeleton

l/ For conditions and q“~alifications see F’RC Report Nos. 1 and 2.
~/ Based upona childs th>~roid, 2 gms in weight and other. factcrs

listed in paragraphs 2.10-2.14 ofFRC Report No. 2.
226Ra

~/ Or the biological equi-~alents of these amounts of .
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B. The International co~ission on Radiological Protection (IC?&)

The lCRP

in 1928.

guidance

originated in the Second International Congress of Rad2010gy

It has been looked to as the appropriate body to givs general

on widespread use of radiation sources caused by rapid

developments in the field of nuclear enerow. lC?@ reco~endations deal

with the basic principles of radiation protection. To the various

national protection bodies is left the responsibility for introducing the

detailed techtical regulations, recormmdations, cr codes of practice

best suited

the experts

ICRP states

to their COUrltiieS. Xecormendatians are intended to guide

responsible for radiation protection practice.

that the objectives of radiation protection are to prevent

acute radiation effects and to limit the ris::s of late effects to z?,

aerrmtnhle lPIml . Tt hnlrl= ?!~nt 5* i= ?l~hlfiVlyhethpr a thr~shnld PY+RFC=

and it is assured that even the smallest doses involva a proportiucately

mall risk. % practical alternative was found to assunin~ a Iinesr

relationship “~etveen dose and effect. This implies that there is no

wholly “safe” dose of rad:ation.

Exposure to natural back~round radiation carries a probability of cau~ii~~

some somatic or he.reditar== i~.jury. lioweve r, the Commission believes that

the risk resultin~ frm exposures received fron natural back~round should

not affect the justification of an additional risk from rzn-mxle e:qmsuras.

Accordin2iy, any dcse limitations reccnnendeci by tha Commission rcf~~r cnlj’

to exposure resultin~ ‘fron technical practices that add to natural back-

ground radiation. ?hese dose linitatiom exclude exposures received in the

course of medical ~rocedcres. (These sane qualifications vflt;~ re~ard to



.
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natural background

recorrmendations.

and medical procedures are applied to !;C?Z and FRC

concept of ‘tacccptable risk..” Unless man wishes toICRP developed the

dispense with activities involving exposures to ionizing radiation, he

must recoe-ize that there is a de~ree of risk and must limit the radiation

dcse to a level at ~filich the assumed risk is deemed to be acceptable to

tile individual and to society iil Viwtl.of the benefits derived fron such

activities.

For planned or controlled exposures of individuals and populat~ons, t~l~

ICW has reconnemied t?~e term “dose limit.” Recomrmnded dose linits arc

thousht to be associated with a very 10”J degree of r.i.sl:. Tor un~lamed —

c~cosuzcs fron uncontrolled sources the terx ~’act~o:l Ic-rel” iS

recommended. In fymeral i,t Wili be appropriate to institute C0u[it~r1220sureS

onlyvhcn their social cost and risk will bc

from the e-xposure. Setting of action levels

national authorities.

less than those resulting

JA the responsibility of

It is not desirable to exposure menbers of the public to doses as hij~ as

those considered to be acceptzbie for radiation wor!:ers because c!~ilclren

are involved, mdlers of the public do not make the choice to bc csqwszd,

and nenbers of the publfc are not subject to selections supervision anJ

monitorin~$ and are exposed to the ric!cs ef their own occupations. For

planning purposes, dose Iirrlcs for rmribers of the public are set a factor

of ten below those for radi=ticn b’or!:ers.
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The ICF2 dose limits for individual’ suembers of the public are presented

in Table II. Xo maximm llsonatically significant” dose for a population

is given. The genetic dose to the population should be kept to the mininum

amount consistent with necessity and should not excked 5 reins in 30 years

from all sources other tilan natural background and medical procedures.

I?o sin~le type of population exposure should take up a disproportionate

share of the total of

.
,

Gonads, red
bone-marrow

Skin, bone,
thyroid

Hands and forearms;
feet and ankles

Other single organs

3/
Genetic dose-

the recommended dose limit.

TABLE II

1/
ICRPDOSE LIMITS-

Individuals

0.5 rem/yr

2/
3.0 rems/yr–

7.5 reT.s/yr

1.5 rems/yr

Population

l_/ For conditions and qualifications see ICRP~blication9.
~/ 1.5 rems/yrto thyroid of children upto 16 years of age.
~/ See paragraphs 84, 85, and 86, ICRP Publication.

.

5 rems/30yrs



t

c. National Council on Radiation %otect’ion and ‘!easurenents* (~lC?2)

The VCTU?position is that the rational use of radiation should coi~for~

to levels of safety to users and the public which are at least as

stringent as those achieved for other powerful

chronic exposure attributable to peaceful uses

arc assumed.

agents. C~ntinuiitg and

of ionizing radiation

The XCRP has adopted the asstt~tion of no-threshold dose-effects

relationship and uses the tern “dose limits” in providin~ guidance ~L~

population e-xposures’. AU radiation exposures are to be kept as low as

practicable. The numerical values of exposure as presented are to be

interpreted as recommendations, not regulations. Use of the no-threshold

concept involves the thesis that there is m exposure linit free from

sone de~ree of risk.

To establish criteria, XCU uses the concept of “acceptable risk” {where

the risk is compensated by a demonstrable benefit) broken do~m to fit

classes of individuals or population groups exposed for various purposes

to different quantities of radiation. l?unerical reconnendations fcr dose

linits are necessarily arbitrary becamz of their mixed technical val.ue-

jud~ent foundation. The dose lii~dts for individual m.nbers of t;lc publi=

and for the avera~e population reccrmended by 11C?2 represent a level of

risk considered to

.

Womnerly known ass the’

be so small compared with other hazazc?s of

Xational Comittec on Radiation Protection
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so well offset by pcrcepti~le he~efits when use< as intended, that public

approbation will be achieved when the informal public review process is

completed.

For

for

and

peaceful uses of radiation, HCX’ prcvides yesrly numerical dose lhits

indiviilual mmbers

strongly advocates

especially for infants

li=its for tile average

of the public, considering ~ossi~k sonatic effects,

naintenzncc of lo’.mst

‘~k’d the u~bor~.

population based

ations and rccomcnds t!le sane value as

practicable e:ymsure levels,

ZISO rccox~e?.ds ye2rl;7 dme

somatic and genetic ccmsider-

of 5 reas in 3C years for

gonac!al e-xposurc of the U.S. population. Table III conta~~s a SU=XarY Of

Whole body

Gonads
3/

Gonads (alternative-
objective)

1/
NCRP DOSE LIhIITS–

Individual Population.

0.5 rem/yr 0.17 rem/yr

0.17 rem/yrZ~

5.0 rems/30yrs

~/ FGr conditions and qualifications on application, see NCRP Report .
No. 39, “Basic Radiation Protection Criteria. ”

~ Tobe applied as the average yearly value for the populationof
thel?nited States as a whole. See paragraph 247, NCRPIteport No. 39.

~/ See paragraph 247, NCRP Report No. 3?.



D. Criteria AKafnst Which Suney Findin2s and Alternative Neasures Will De

Evaluated

The Task Group approached the questicn of radiation dose criteria from

two directions. First, FRC, ICRP, and NCRP recommendations reviewed

above were judged as to applicability in this situation. Second, a risk

approac!! was reviewed using information from ICP~, UHSCEAR, and the

National Academy of Science BEIR Comuittee. The results of this latter

effort are summarized in Part E which follows.

The radiological survey of Enewetali Atoll provides a conprehensivc

base needed to derive reconnenciations relative to the radiolo~ically safe. .

return of the Enewetak people. These recommendations are to be baseci on

an evaluation of the significance of all radioactivity cm the Atoll in

terms of the total exposure to be expected in tl~~ re~~rnin~ popi:latim,

and on consideration of those reasonable actlcns and constraints wi~ich,

wi~e.rc nade, will result in ninir.un exposures .

.’
The guidelines used in deriving these reccmnendations can be summrized

as

1.

2.

.

two interdepe~dent considerations:

Expected exposures should be

consistent with guidance put

(FRc) .

nininized and should fall in a range

forward by the Federal Radiation Council

ActIons taken to reduce exposures should be those which show promise

of significant exposure reduction when weighed against total expected

exposures and the “costs” of the actions. “costs,” in this context,

erc measured primarily in terms of costs to the Eriewetak people as

constraints on their activities or as dollar costs for cleanup or.

reneaial action.
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In these evaluations, it should be emphasized t!lat dosa~es through various

pathways are estinated on the basis of environmental data and considerations

of expected living patterns and dietary habits. !fiile “radiation standards”

do not exist for environmental contamination levels in substances such as

soil and foodstuffs, there is gen=ral a~re~nent in term of conservative

models of these pathways ar.d the relationships between a certain level in

the environment and the lillely dose to result from the pathway exposure.

The area of plutonium in soils, however, is one for which tl~ere is no

general agreement & to the quantitative relationship between levels in

soils and dosages to be expected t!mou~h the inhalation pathway, the

primary one throu~h which man can receive a sip;nificant dose from

plutonium. The lC?W recorme;~ds a naxinun permksiblc avera~e concentration

(:I?C) of 1 picocu~ie per cubic meter (pCi/n2) of -air for “~asolubl~”

plutonium and 0.06 pCi/n3 for “soluble” plutonicn for unrestricted are~s.

Ifllile the plutonium in the soil at Enewetak is thou~!lt to be typical of

world-wide fallost, and therefore insoluble, 0.06 pCI/n3 will be used

for the sake of conservatism.

methods for derivin~ the exposures that may occur through the inhalation

pathway for ?lutcnLun ic soil. (This is the p~thway of inte=est fcr the

prescmt althou@ it is reor~anized tlmt for the ve?] distant future,

in~esticm my becone nore i;ylortant by co-pariscm. Table 250 of Appendix

239X% ar~ e:qectedII S;1OWSt“hat exposure to bone, liver, aml lung fron

to be a few hundredths of a Yen in 33 years for patlways other t!mn

inhalation. ) ~~i~ natezial is producd as Attaclinent I of this sectioil.



.

llne two imti:ods presented are t;m “resuspension-factor” approach and the

mass-loading” approach. Soil concentrations of 239Tu tliat would be

associated with the standard for 239?u in air {0.0’5 pCi/n3) ‘~Y the ~~o

methods are:

Resuspension-factor approach . . . . . . l~o~~ PCi/g

Ifass-loading approach . . . . . . ● . . 600.pCi/g

A recent re?ort, A Proposed Interin ~c~ndard for Plutoniuz iz Soik

U-54S3-!SS, presents reconnemktions derived from estimates of e:.~osure

through

surface

inhalation ‘considczin~ the coacentrati.on of 239?u in the”very top

soil. The following values were recommended:

400 pci/~ - FGr ail ~articlc sizes provided no nore tT:3c

230 pCi/g in < l@’3/rm size fraction.

A re-~ised ~1~.:i~t~~~p~rtissi”~le Cor.centraZicn, -.. ~>.r,c oi S.3 FW:Z3 for

individuals was used in tl~ese determinations. The cstt-tes a~?l:- to
.’

large area contamination. Levels several tines larger cocld ~e pcrrli~cei

for localize~ deposition.

Zhe Task Group recognizes that the islands of Enewetak Atoll are small

and t!mt the areas of hi~!~est 239Pu in soil on these k.lanc!s arc sr=llcr

still. On the ati]er ilanri the people l~ve ciose to the soil. It is also

rcco=mized that experts are not in a~rcer.ent as to the critical organ fcr

inhaled plutoniun, whetiler to use an average dose for this organ, or the ‘i

model to be used to predict dose. in the interest of see’kin~ a conservative

yet flexible ap?roach to considerations cf critaria to treat t’ne probler.
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1.. Any areas or locations where soil concentrations of 239Pu are greater

than 400 pCi\g should receive corrective action ~th conta~nated

soil removed for disposal,

2. Situations Witil soil .levels in the 40 to 400

corrective action with each area or location

pCi/g range may receive .

evaluated on a case by

case basis.

The follm?ing guidance is provided for this evaluation:

a. Islands with soi”l levels in the above range may be divided into two

categories, those of sufficient Gize for construction of pernaner.t

houses, and those that are not.

b. .qenoval of ?Sgpu conta~inated soil is better justifie.i ‘Jithin t~le

rmge shove for the hrger islands such as J.’JHT or S.’LLX: where

permanent housin~ my somday be loc~ted and for near surface

locations on the larger islands.

c. The saaller islands nay be considered of less

outlook is uncertain since they are sorwtines

concern. Their lon~ter:n

increasing in s5.ze and

sometimes erroding awzy. Smlll islaads nay be washed over by scorn

waves and are not a safe site for pzrmmer.t housir,s. Fron that

viewpoint, tl~ey are in the sane category as unnamed sandbars alcm~

the reef wkre other

d. The .mcunt of effort

t!lis ran~c increases

islands WI ha-,vz disappeared or l.m fornins.

that ?roperly nay be ~iven to soil re~oval in

as the soil concentration increases.

e. once a SOI1 removal action i~ to be ta?cen. the objective is co acb.izvc

a substantial reduction in plutoniun soil ccmcentrat:ons, .md furt!ler,

to reduce cmcentrat:op.s to the 4. ~1~ level, not to~o~?est ~zactAw3

rc~ucc t;len tc soae prescribed numricd value.

%“11-12
—.
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3. Areas or locations sho-~ing less than 49 pCi;g do not require corrective

action because of the presence of pl.utoniurt alone.

The Task Group views these reconnendations as the best current approach

for obtaining acceptable actions ,~~ainst D~utonlu~ in SOil at ~newetak*

Atoll. These are interim criteria to the extent that there does not

appear to be either adequ=te ifllysical or biological basis’ On ~i~ic~~ to

establish fin aml durable standards for ckanup of plutonium

contaminated soil. .
, .,

.,” I
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evaluation of e:~osures to

wtith provisos that:

1. The full anom.t of the

ind~vi~~als to ?hewetah. TMs is reco=~nded

nunerical values should not be used far

evaluating exposures frcn a single

radioactivity fron weazons tests.

Enewetak people wflIl not be denied

nan-nade source, in this case

T’his is applied so that the

benefits of future nuclear

tcchnolouy becausz they are receiving e:qosures fro= man-nade

radiation at the ‘oa::inun level of acceptable standards.
.4

9
tie Environmental followu? scrveys am! st=dies of radioactivity kvels

in people am perfomed such that the full ran~e of rztiiation

level.

SurvcX:, Cleanllp, and Re?labilitation T:aluation

It is recoruendmi in this context tlmt:

1. ?he P.C Radiation Protection GUiJe ~.u‘mmG’S] for individuals silculd be

used as the basic standard. The requirenen: is to assure that exposures

for continuous residence in Znewetak Atoll will be well within the

annual and 30 year criterion. :~hile these are cmmervative standarGs

from a health view point, there is no builtin conservatism, to acccunt

for uncertainty in prediction of annual exposures to

Because of the complex circunstacces of exposure and

each with its uncertainty, the Tas~: Group recommnds

individuals,

the many patkays,

use of 5’) percent
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of the FltC annual standards for evaluation of the many cleanup and

rehabilitation alternatives at Enewetak Atoll. z%is is not to be

viewed as an attempt to establish new standards but is considered to

be a necessary precaution in the application of cutrent standards.

The following values a~ply for evaluation of alternatives:

lJhole body . . . . . . . . , . . . . . c.25 Ren/yr

Bone marrow . . . . . . . . . . . . . 0.25 Ren/yr

Bone. . . . . . . . . . . . . . . . . 0.75 Ren/yr

Thyroid.. . . . . . . . . . . . ..O.75~ern/yr

,

2. The Task Group recommends use of 100 percent of the FRC I!JW’S to

evaluate post cleanup and rehabilitation and post return conditions

in foods ad in peo~le are made. Under suck cmylitions, desk

estimtes should be s-~”oject to much Icss uncertainty. The mquimxnt

is to assure that ex~osures arc well within the FPkCstandards. see

Section A. of this Appendix for the FRC RX’s.

3. l%e criteria fGr evaluating gonadal m~osures at Znewetak ,Itol.1 should

be 4 rem in 33 years. The requiremerit is to assure that lon~ term

exposu~es vrill be well wfithin this criteria. The T2s?L (lrcup feels

justified in usin~ W percent rather than 59 percent of the IRC

standard since th,ere will be anple tine to verify e~os’mw est:r,ates

< the diet and tine to follow the chm@n~using actual sa?.?ling 0.

pattern af exposures of ?eopk.



4. The reconnended

a. <40 pCi/g -

*

guidance for 23gpu in soil G:

corrective action not” required.

b. 40 to 490 pci/g - corrective action may be needed. Action to be

taken should be determined on a case-by-case

basfs.

c. >400 pci/g - corrective action required.

In applyin~ the criteria for bone and bone marrow in part 1 abwe, it is

assumed that if annual mposures do not exceed the applicable criteria

in the” year

longer term

the “lowest

of remedial

of highest dose, there ~till not be a requirement for linitin~

cumulative exposures. On tl]e other hand, inplenmtation of

practicable” concept vill req’~irc cmsider%atims 9f effectivcri>ss

? and ~o?l~~r ten CH?GSUr2S tc tscncasures to rcduca both zx?.:~r.~

extent practicable.

●
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?lisk Considerations

The Task Group aml its

information froz ICV,

tec?mical advisors have revie,mll the available

Cormittce t!mt could be used to estimate the health risk that nay be

associated vith lon~ tern exposures at the level of t;~e radiztioa dose

and soil remval criteria Imin: recommended. It is clear fron this

review that knovkd~c of the relationship between radiation dose and

effects of that dose on nan as characterized in dose-effect curves is

inconplcte even for external radiation exposures. For internal enitters

and particularly for plutcniun, the situation is even less satisfactory.

K13C12.R has sumarized their “fundi.n~s by stating t?lat mm should not

extrapolate in a linear fashion fron effects

rates to effects at low doses and dose rates

Mkclyhood of recovery an~ rqair. The T21R

data, conclutied chat since the low dose data

conservat~vcly assurbe a linear no-t;lrcshdd dose-affect cu=e dram

throush data obtained at hf~h doses and dcse rates. The CCi,~.itte~ furtker

sug~ested that if t~lis linear no-threshold curve is assuned to be correct,

it follows that 6,000 cases of cancez wouid be produced each year in

population of 2~0,000,W3 people exposed at a rate of 0.17 IUm/yr.

(This is the I?XC RN for population groups - see Table 1.) For ti~~

q less ti:an 5g0 e~~oscd zt the szr~e level, cm~ cz;:~neweta!: population 0-

maice the following estinate:

6 x 103 cases/yr x 503 ncople = 1.5 x 10-2 cases of canceriyr

2 x 10a people

.
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Exposure at ‘the level of the recommended criterion of O. ?5 Rem/yr would

-z
give twice the above value using a linear dose-effect curve or 3 x 10

cases per yeai. The Task Croup views this as a pessimistic upper limit

of risk. It could be inferred that there may be between zero and three

cases of cancer in 100 years if the entire Enewetak population were

continuously exposed to 0.25 Rem/yr over that tine period.

Lack of confidence in extrapolation of high dose and dose rate effects

Into the vexy low dose and low dose rate situation, consideration of

the fact that for alternatives being considered foi cleanup and.,

rehabilitation, xnost of the exposure to whole body and in fact to all

organs comes from internal enitters wherein the shape of the dose-effect

curve is most uncertain, and lack of confidence in the statistics an~!

risk esti~ate arawn iherefron i:ave led ch,e Iask Group co have ser~.ous

reservations about their validity. The Tasl: Group holds the opinion

that SUCI1estinates can not be used in any defi.natj.vc J7ay to draw

. .
conclusions on whether current radiation standards are too high or tog

low or as a basis for decision na;:ing relatfve to resettlcnent of

Enewetak Atoll. t7hile the risk associated with doses at the level of

current standards is possibfi] not zero, it is viewed as being very low

as described by FRC, ICRP, and NCIW. The basic FRC szandards,

conservatively applied, are vie.~-ed as suttahle for Znewetak rekabilitac%o~.

provided there is also a serious and concerted effort to keep exposures

as low as practicable.
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ATTACHMENT I

RELATIONSHIP BETWEENRESUSPENDEDPLUTONIUM

IN AIR AND PLUTONIUMIN SOILS

#
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Relationship Between Resuspended
Plutonium in Air and Piutonium in Scil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livermore, California

There are no general models that may

be used with confidence to predict the

resuspended air activity in the vicinity of

an area contaminated with plutoni-~.m.

.



However, two

be used — the

preach and an

approximate methods may

resuspension factor ap-

argument based upon

ambient air particulate concentrations,

with the assumption that the particulate

are derived from the contar.inated sur-

face. The former method has been fre-

quently used, but almost always in the

context of a fresh surface deposit. The

latter method is inappropriate to the

fresh deposit situation, but should be

reasonably valid after enough time has

elapsed for the surface-deposited mater-

ial to become fairly well mixed with a

few centimeters of the soil surface.

Resuspension Factor Approach

The resuspension factor, K, is defined

as
Air concentration (Ci/m3j

K = Surface deposition (Ci/m2) ‘
-1&>d t~~l~~.~~~~l~lit~ ,>f ~-: . ~~~~ a~fil~~~

.
always implied tk,at both measurements

are ●ade at the same location. The diffi-

culties with this approach are fairiy .

obvious — no all~wance is made for the

geometrical configuration of the source,

the particle-size distributions of the con-

taminant and the soil surface, vegetation

cover, etc. Stewartl and Iv1ishima2

have tabulated values oi K from many

experiments including those involving

laboratory floors as well as nati%-e sails.

As would be expected, the tabulated

values cover an enormous rznge and vary

from 10-2 to 10-13/nl. Most of the high

values, however, are derived from experi-

ments with laboratory f!oor suriaces and~

or with artificial disturbance.

For outdoor situations, Stewart* sug-

gests as a guide for planning purposes

that a value for K of 10-6/m be used

“under quiescent conditions, or after

administrative control has been established

in the case of an accident. “ A value of

10-5/m is suggested under conditions of

moderate activity. Stewart states, kow-

ever, that exceptionally higher values

(mean of 10- 5/m) were observed during

the Hurricane Trial (Monte Bello Islands)

and credited this to the nature of the

small islands exposed to sea breezes.

Values approaching 10-3/ m when dust is

raised by pedestrians and vehicles are

dso reported by Stewart.

Kathren3 has also considered the re-

suspension factor approach and has

recommended the use of 10-4/m as a

conservative but appropriate value for

setting standards for Pu02 surface con-

taminantion.

Lang!lam4’ 5 has suggested that 2

value of 10-6/m is a reasonable average

value to use in estimating the potential

hazard of occupancy of a p! utonium-

contaminated area. At the same time,

however, Langham notes that many
-5 .measured values lie in the range of 10

to 10-7/m and reports that his own

measurements in 1956 produced a value

of 7 X 10-5/m.

These recommended values, however,

are all intended for application during the

time period immediately following cleposi -

tion. Numerous studies 1, 5-6
have shcwc

that air concentrations of resuspended

materials decrease v;itn time. \Vith the

assumption that this decrease can ~e

represented by a single exponential func-

tion, half-times of 35 to 70 days have

been reported 5, ?, 8
. This decrease in

air activity is not explainable by the

relatively minor loss of materiai from

the initial site of deposition 1’6, but

III-21
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presumably caused by the migration of

the initial surface-deposited material

into the soil.

Attempts to use the resuspension

factor approach to derive acceptable

levels of soil surface contamination have

included this “attenuation factor” as a

simple exponential function with half-

times of 35 or 45 days 3, 4. There are

major uncertainties in such a formulation,

however. The longest study of this de-

crease with time extended to oniy 11 mo

following the Mtial deposition, which

is extremely shGrt compared to the half-
239mlife of a radionuclide such as .

There are also published ”reports which

indicate on experimental and theoretical

bases that the decrease with time will

not be adequately represented by a single

exponential function, b~t that the rate of

decrease itself will also decrease with

time J’ b. Fortunately, the exact nature

of this time dependence is not critical in

determining the integrated exposure from

the time of initial deposition clue to the

fairly well-documented rapid decrease at

early times. However, it is obviously

the controlling factor for questions con-

cerning the reoccupation of areas many

years after the contaminating event.

As an illustration, the most conservat-

ive published model (Kathren3 ) may be

used to calculate a resuspension rate for

material 15 yr after deposition: .

(K = ‘4 exp ~,;’
-(j 6C’3~ 15V ~365d\

m
.Y)

= 10-4’/m.

If, however, the resuspension rate

asymptotically approached some finite

value 10
-6

of the original, then the resus-

pension rate 15 yr later would obviously

be ~0-10 /m. However, the total inte-

grated air activity !frorr. t = O to d foh
239 Pu would be changer! only by

1
m

AX 10-4 exp (- O. 6S3t/45d) dt
o

I

a

+AX1O -lo exp (- O. 693t/24, 400y)dt
o

= 6.5AX 10-3 + 1.3.4X 10-3,

which is an increase of 20%, and more

importantly, cannot be accumulated dur-

ing an individual’ s life span.

Because the functional nature of the

decrease in resuspension rate with time

cannot be confidently extrapolated, ~re -

viously. published models should not be

applied to the reoccupation .of areas many

years after the contaminating event.

The resuspension-factor approach can

be applied in an a~p?u>:imate way, hcw -

ever, j.f res~sper~sion factors are used

which were derived from measurements

over aged sources. Perhaps the most

rclevamt data are unpubli~hec! result=

from current resuspension experiments

at the GNI.X site in Area 5 of ihc Xevada

Test Site. The 239Pu at this location

was deposited following 22 high-explosive

detonations during the period from.

December 1954 to February 1956.

.Measurements of resuspended air activity

levels at this site during 1971-1972

appear to be the only available data con-

cerning resuspension of ~sgpu from a

source of tliis age.

Data from two types oi ineasurements

are availab!< and can be used to derive

. average resuspension factors. The first
9type of measurement was accomplished

by placing five high-volume cascade
10 .impactors within the most highly con-

taminated area, and running them. for



. ●

36 days, from July 7 to August 12, 1972.
239, 240pu ~c~ivity was

The collected

distributed lognormal]y with particle

size with an activity median aerodynamic

diameter (AAIAD) of 3.0 pm and a geo-

metric standard deviation of 8.2. The
239s 240~ concentration varied from

1.0x lo-14 t03.9xlo ’14 ~Ci/cm3,
-14

with an average of 2.3 X 10 flCi/ cm3

for the five samplers. At the present*.;
time only limited data are available re-

garding the soil activity in the area.

Four soil samples of depth O-3 cm from

approximately the same location have

. been analyzed with results 11 of ~060 to

3550 dpm/g, with a mean Of 2?O0 dpm/g.

Profile data from, other locations at the

same general site indicate that about 90T0

. of the total deposition is catained Within
*.-l

the top 2.5 cm of the soil’. .hleasure-

ments of soil density M the area average.. Q
1.8g/cmo-. The resuspension factor

..
;,:...... .

is therefore

2. 3,X 10-14 pCi ~ ~7*m x d
cm~ I.flg

X0.9 ~102 cmx ‘62.22 X 10 dpm
3 cm m pCi

= 3X li3-10/m.

Additional air samples were taken by

the Reynolds Electrical and Engineering

Co. (REECO) on the edge of the contamin-

ated area during the period of February

1971 to July 1972, with a sampling time
B

of approximately 48 hr . hleasure.ments

were made at four locations, but the

most pertinent is the one which was most

frequently in the direction of strcng winds

from the strong]y contaminated area and

where the highest air activities were

recorded. Here, 254 individual air-

table results reported for 236. 239’ ‘Pi
-1-

concentratic~s r~~ged from 3.5 X 10- At

to 6.3X10 -13 Mci/cm3, with arij~~etic

and gebmetric means of 6.6 x 10 ‘d

7. 9X10-16 VCi/cm3, respec~ive~Y. Re-

sults for four soil samples taken frcm

approximately the same location range

from 128 to 202 dpm/g, with a mean of

160 dpm/gU. Because the arithmetic

mean is a better representation of average

lung exposure, it is used to derive a re -

smmension factor at this site:.

6.6 X10-15uCi +Lxd
cma 160 dpm lag

102 cm x~~ ,— 2.22 X 106 dpm
3 cm.x m #cl

= 2 X 10-9/m .

This value is nearly an order of magni-

tude higher than the one previously cd. cu-

lated, and reflects some of the inherent

difficulties in the resuspension- factoi-

approach i. e., that no “allowance is m-ade

for the geometrical confi.~raticn of the

source and that higher ground activities

may be present uyvifid.

lt is obvious that this approach is sub-

ject to major uncertainties, but does

serve as an order-of-magnitude indication

of the resusperided air activities that may
239, 24o

arise from a Pu contaminated

area which has weathered for 15 to ~0 .vr.

The data discussed above also eem+onstrate

unequivocally that resuspension of
239, 240

Pu does in fact occur from such

aged deposits and at levels m-any orders

of magnitude higher than would be ex -

petted ii the often noted decrease with

time were represented by a single expmen -

tial function with a half-time @f 35 to 7!)

days.

filter samples were collected and detec-



Mass-Loading Approach

The other approximate prediction

method is based upon measured or

assumed levels of particulate matter in

ambient air with the assumption that this

materia! is derived fro,m the contaminated

soil. For fresh deposits this approach is

not valid because the freshly deposited

debris is much more iikely to be resus-

pended than the remainder of the

weathered soii surface. After many

years of weathering since the initial “

deposition, however, the contaminating

material should be reasonably well mixed

with a centimeter or two of soil, such

that the contaminant activity per gram of

airborne particulate should approximate

that in the upper soil. However, a major

difficulty could arise if, for example,
239, 240 Pu were preferentially associated

with the smaller partirlp ~iTPq mnrt=.

lik~ly to become airborne. For the

Nevada Test Site, such is not the case as

determined by soil an~lyses 14 and by the

high-volume cascade i.mpactor study.

The latter study found an AMAD of 3.0 pm
for 239, 240 Pu, whereas the total mass

median aerodynamic diameter was 1.7 um.

The specific activity of the material col-

lected on each stage can also be examined

for a preferential association of plutonium

with particle size. Average data from all

five samplers are:

Size, ~rn 239’ 240Pu, dpmlg

>7 950

3.3t07 700

2.0to 3.3 1030

1.1t02. o 1300

0.01 to 1.1 480

All stages 890

(Soil) (2700j “

Although there is considerable spread

in these data, there is no indication of a

preferential association oi 239’ 240Pu

with a particular particle size; as would

be expected as a resldt cf dilution by inert

aerosol, the specific activity is lower

than that of the soil.

If we assume that this is generally

true, a generai and conservative. method

of predicting resuspended air concentra-

tions of contaminants would be to simply

multiply the ambient air mass loading by

the contaminant concentration in soil. .+

factor of some uncertainty for a speciiic

calculation is what value to use for- the

ambient air mass loading in the absence

of specific data. This becomes even

more uncertain because of the possib~lity

that the people involved may be highly

correlated with the source h? the sense

that children playing in sand, adlilt~ clll-

tivating crops, etc., may generate their

own “ambient air” which contains much

more mass than would be recorded by a

remote stationary sampler.

The lower and upper bounds of ambient

air mass loading can be fixed rather

easily for any site. There has been con-

siderable interest in establishing a.

“background level” of mass loading, and

this is generally believed to be about

lo ~g/m3 ’15! The upper bound can be

established in a reasonable way by the

levels found in mine atmospheres which

have led to a considerable prevalence of
16pneumoconiosis in the affected Ivorkcrs .

Examination of these data indica?c that

current standards for occupation! dust

exposure (% 1-10 mg/m3) have a ~’ery

small, or perhaps no margin of safety,

such that a reasonable up”per bound can. .

be taken as 1 mg/ m3. British

‘Ml- z~

data”



“indicate that if the general public were

exposed to dust levels in excess of

1 mg/m3, the public health problem. from

the dust alone might be enormous. The
:,

reasonableness of the upper limit value

of 1 mg/m3 ~s also demonstrated by data

which indicate that nonurbaii ambient air

mass concentrations this high are usuaily.

associated with conditions described as
18,19

dust storms .*
Measurements of ambient air mass

loading can be used to further define a

reasonable estimate for predictive pur-

poses. The National Air Surveillance

Network (NASN) has reported such results

for several years.
~ata20 for 1966 show

that there were 217 urban and 30 nonurban

stations reporting. The annual arithmetic

average for the urban stztions ranged

from 33 (St. Petersburg, Florida) tc

254 L@/ m3 (Steubenville, Ohio), with a

mean arithmetic average for all 217

stat:oas of 102 JJg/m3. For t?~e no~urb~

stations, the range was from 9 (White

Pine County, Nevada) to 79 Kg/ ms (Curry

“ County, Oregon), with a mean arithmetic
3

average for all 30 stations of 38 vgj m .

No data in this report are available for

nonurban locations on small islands simi-

lar to the Enewetak group; perhaps the

closest analog is the urban station at

Honolulu, Hawaii, which had an annual
3arithmetic average of 35 ~g/-m .

More pertinent, but limited, data have

recently been pubiisned for the island of

Hawaii2’J 22. Data are giveri for three

locations: Mauna Loa Observatory

located at a height of 3400 .m, Cape

Kumukahi, and the city of Hiio. N-4SN

data for Hilo (for an unspecified period)

tie given 3s 18 Mg/m3, and nephelometer
9

-:

measurements varied from 18 .xg/m”

during the day to 26 ~g/m3 at night. At

Cape Kurnukahi the nephelorneter measure-

ment was 9.2 pg/mS. The greatest amount

of data is available for Mauna Loa Obserm-

tory. Here, the NASN measurement was

3 Hg/m3, and the nephelometer measure-

ments varied from 1.7 #g/ m3 at night to

6.5 pg/ m3 during the day. .4dditional

measurements made by the USAEC Health

and Safety Laboratory (HASL) were

3 ~g/m3. It is of interest in the present
22

context that Simpson made the following

comment concerning the HASL measure-

ments: “The HASL filter samples contain ‘

substantial dust (3-5 ~g/ m3 of air sampldi

because of the fact that the filter was

located less than one meter above the

ground surface near areas with substantial

personnel activitiy at the observatory site. “

Thus, while this method of measurement

may not have coincided with Sirnpsonl. s

interest, it does indicate that ambient

air mass loadings r.zy !m very low on

such remote islands even when consider-

able hum,an acti TJityis occurring nearby.

On the basis of the above data, it

would appear reasonable to use a ~’alue of

100 Lig/m3 as an average ambient air

mass loading for predictive purposes.

Indications are that this value should be

quite conservative for the Erwwetak

islands, and therefore allows room for

the uncertainty involved because the people

themselves may generate a significant

fraction of the total aerosol. Therefore,

they may be expcsed to higher particulate

concentrations than Jvould be measured by

a stationary sampler.

Supporting evidence that 100 ug/rn3 is

a reasonable va!ue to use for predictive

purposes is provided by the N’ational
23Ambient Air Quality Standards . Here



ambient air is defined a’s “. . . that portion

of the atmosphere, external to buildings,

to which the general public has access. “

The primary ambient air standards define

“levels which. . . are necessary, with an

adequate margin of safety, to protect the

‘ public health. “ The secondary standards

define “levels which. . (are) . . . necessarY

to protect the public welfare from any

known or anticipated adverse effects of a

pollutant. “ These standards for particu-

late matter are given below:

National ambient air quality stan:ards
for particulate matter, pg/m~.

Annual Max. 24-hr ccrnentratkm
geometrl.c not to be exceeded more

, mean than once a vear

Primary:

75 260
.

6

Data to support these standards in terms

of health effects, visibility restrictions,
24

etc. have been provided .

An arithmetic mean would be more

desirable for predictive purposes. Data

from 196620 for nonurban locations indi-

cate that the annual arithmetic mean is

(on the average) 120% of the annual

geometric mean.

Representative Calculations

Because one of the primary objects is

to derive an acceptable soil level for the

Enewetak Islands, the approaches devel -

oped above were used to derive such

levels for both soluble and insoluble
239 Pu. The derived values are given in

Table 151. The two methods agree within

a factor of two, at least for soil distribu-
Secondary:

60 150

Table 151. Acceptable soil levels of z “Pu for a source which has weathered for
several years. Values are approximate and arc subject to uncerts.inty.
Permissible Concentration in Air for 168-hr occupational exposure
(MPCa)25.

Insoluble soluble

Acceptable air concentration, pCi/ cm3 ~o-12 6 X 10-14

Resuspension-factor approach

Assumed resuspension factor, m -1
10-9 10-9

~“ Acceptable soil deposition=, pCi/m2 103 60

Acceptable soil concentration, nCi/ g 20 1’

Mass -1oading approach

Assumed mass loading, ~gfm3 102 102

Acceptable soil concentration, nCi~g 10 0.6

aEquivalent to approximately 104 ~g of insoluble 23~fi//m2.

bAssumes same distribution of
239 Pu with depth and soil density as measured at

the Nevada Test Site.

“MI-26
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NTS during the cascade impactor run was

measured to be 70 ug/m3.

Such derived values must, of course,

be used with a great deal of discretion.

They are based on simple model systems

which are believed to be generally con-

servative, but individual situations can be

imagined which could exceed the predic-

tions.

Other Considerations

The above calculations relate only to

the resuspended air activity in ambient

\
.

air, and do not consider the additional

problems of resuspension of material

from contaminated clothing or the resus-

pension of material which has been trans-

ferred to homes.

Healy26 has considered these and

other problems, and has provided tables

of “decision levels” for surface contamina-

tion levels and home transfer levels. A

decision level is based upon National

Council on Radiation Protection and

Measurements (NCRP) recommended

dose limitations. Because the derivations
.

v26
Table 152. Decision levels for soluble 239 ‘Pu, and their equivalent in soil mass

based upon the “acceptable soil concentration” from Table 151.

Pathway Decision level Wss eauivdent

A. Direct personal contamination

Direct inhalatio~a . . !2 X 10-5 rCi/cm2 1 x In-s gkrn.z

Direc; ingestion O. 2 nCi/cm2 0.2 g/cm2

Skin absorption 8 X 10-4 pCi 0.8g

B. Transfer (to homes] levels

Resuspensiond 0.01 ~Ci/day 10 g/day

Direct inhalation 0.01 ~Ci/day 10 g/day
Direct ingestion 100 ~Ci/da~ 105 g/day
Skin absorption O. 03 #Ci/day 30 g/day

a“The contamination level on clothing and skin that cculd result in inhalation of air

at the MPCa for the public. ,,26

b“The contamination level on skin or cloihing that could result in ingestion of a
quantity of ‘radi~active material eq~ivalent to the ingestion of water at the MPC

,,~~ w
for an individual in the public.

C“The total quantity of radioactive material maintained on the skin for 24 h/day that

could result in absorption of a quantity equal to that which would be absorbed from
the GI tract if water at the hqPCw for “soluble” isotopes for an indi-ridual in the

public were ingested. ,,26

“’The amount transferred per day that could result in air concentrations due to.
resuspension in a medium-sized home averaging at the MPCa for an individual in

the public. “26



are rather tenuous, Healy has used the

phrase decision level ind states that its

use is to serve as a signal that further

careful investigation is warranted.

Healyl s decision levels for soluble
239PU are givenin column 1 of l%ble 152.

The values in column 2 are derived from

these and an acceptable soil concentration

of 1 nCi/g from Table 151 to give equiva-

lent dirt (soil ) contamination and transfer

levels. The results are interpreted as

indicating that the potentiai exists for

greater dose contributions from these in-

frequently considered pathways than frcm

the usually considered pathway of resus-

pension as calculated for ambient air.

This conclusion would be the same for

insoluble 239Pu. Therefore, if dose

calculations based on the usual resus-

pension pathway should appear limiting

compared to other pathways such as food-

chain transfer, these patriways considered

by Healy need to be carefully evaluated

for the specific Enew et ak situation.

.

.
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The pm~ose of this ak~.,.---~vdhx is ta eval~lzte the F>te~tial annual

bone doses fm adults an~ children far the six living ~atterns considered

in the Enewetak P,adiologicalSur~ey Repart (:T’Jo-lLo) . ih.e bone doses

pesented in XVO-140 were ~alc~lated fur .xineral bone 1“2T adults aS

integrated doses for >-, lCI-j30-, and 70-Yr ~rizds. 2me and wh~le-

bmi!y doses to children .~ere fi~t ~on~idereci separately kecause in ~ost

cases the doses predicted for adults are usualiy a gosi esti=ze of the

dose to childreri. Far example, the external ~zma contributes sinilazlj’

in the ta’cks.

.-..



. . k-q-es ,h.hicilare ~SSW2edalso the uletarljc..=..=
f:r children.

This

2r

is



● ✎

As a result, the Sr/Ca rati~ in the fe~us and ne-~bc,rnis arpoxinately

1/8 to 1/10 that of the adult, and the resulting ~~se to the fetus is iess

than that to e.5ults.

The dg~e to a YCJMS infant ~eing breast fed Wili Of C3UrSe akO be leSS

than that calculated fsr adults. The OIi body/aiet fop young infants is

0.9>’4 t~~t is, ~~~ y~~~g in?ant nearly equilibrates with his diet.

EIoxever, the n~thers’ ci~,~ as discussed previously, has a Sr/Ca ratio

- 0.1 that of the adult diet. The OR bocyi’diet

a l-ye~r-~ld and by ,a”~;rzxic-.at?~3 m ~ years of

2,4,6
v&lue of 0.25.

are less

adults.

. . ., --- ...



of these factors$ as well as the difference

asses tc children.

w- ‘0’5

.—-..



doses, to bme-mrrvti and endosteal cell dsses: are

respectively. Eennettts model .als3extm~31ates ts

is cmbined with the S;iers a~proach :ar p-edictir.~

doses to adults.

mineral bone.

/ -77)



137c~ 137c~
- in the d~se moael for , .itis assuzed that the loss of

137
Cs frcn the bcz~ can be described as an exponential less with a

turnover ti~e that varies as

is calculated, al’~aystaking

s function af age.10A4 The annual dose

into eccomt the residual b@~ “curdm frm

the previcus year. Body EX2SS as a funczicn of
21

age is takez f’rsm Spiers.

Initial dietaq{ intakes are caiculateciand doses are ~redicted, based

upon the initial intake and the expanenti~l loss sf
137Cs i.n the aiet at

137c~a rate equal ts the physical haif-tixe C? .

Diet – The diet for adults is that listed in the original report

NVO-lLO. ?m children f’rm a<es 1 Zkrwgh 10, the intake of ccconut

in the adult diet.

.
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:;,. .

:.,,
.{..+:

5*

and

?&sults

The results of tke celculatims ‘D2sed u~cn the nodels described a’cm’e

upm the diets listed in :L’S-lk5and zlt2red far children as previously

frm137Csand9’ ,sr.are calculated f’or70 yr, beghnin~

cM.in exposure

at either age

fer the

The

.

1
_ far tF.e

. . .

. . .



. t

two situatims where the t.otai_cone-zarrYJdoses do ns~ exceed

FRC guide; in this instance, it is less by a factor ~f 5. ~-1~.

living patterns lea: to an annual dose which for at ieast 1 yr,

nest cases several years, ey.ceedst~.eF?,(2~uide.

The results al~~ indicate that there is not a ~r~=t deal of

5C$ of The

other

and in

differcrlce
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Maximum annual bcnemarro~tT
dose (re~).

Table 1.’

No restrictions on diet

Village island unmodified for external gamma

Start Januark’ 1974 Stzrt Januar\. 1984

Living Pattern child 2 Adult a Child b Adult

0.04s 0.047 0.043
1 0.047

0.294 0.282 0.290
2 0.314

0.760 0.75!? 0.754
3 0.790

2.15 2.17 2.13
4 2;27

0.33”3 0.344
5 0.361 0.348

1.04 1.03 1.02
6 1.10

~isi.tatiOIl

Living pattern ~i~lage island Agriculture

(A) Enel{etak-Parry
~LvIX-l;EITH Southern Is.

1

2“ (E) Enewetak-FarrY K.\TE-liIL;L\ + LEROY Xorthern 1s.

(D) JANET JASET Northern is.
3

(F) BELLE BELLE Northern 1s.
4

5 (c) JMiET ?(ATE-lfIL\!.\ + LEROY Northern 1s.

JANET ALICE-I~ESE Northern 1s.
6 (~)

a Diet change at 10 yr:, i.e. , 1984.

b
Diet change at 10 yr., i.e. , 1994.



Table 2. ~~a~i~u~ annuai ~onemarrol{ dose (rem).

No restrictions on diet

Village island gra}-ele~ and plo~ed

Start January 1974 Start January 1984

Living Pattern Child a Adult a Child b Adult

1 0.047 0.045 0.047 0.043

2 0.314 0.294 0.282 0.290

3 0.718 0.677 0.680 0.672

4 2.08 1.92 1.93 1.90

s 0.317 0.300 0.285 0.296

6 1;06 0.989 0.988 ~ 0.977

Table 3. }~laxinum annual bonenarrolr dose (rem) .

Start .Janu2r\’ 1974 Start .Januar\’ 19S4.— ——

Living Pattern Child a Adult a Child b Adult

1 0.047 0.045 0.047 C*043

2 0.148 0.149 0.200 0.142

3 oQ293 0.294 0.418 0.284

4 0.786 0.774 1.16 0.74?

5 0.151 0.178 r 0.201 0.148

6 0.428 0.437 0.574 0.419

a Diet change at 10 yr., i.e., 1984.

b Diet change at 10 yr., i.e., 1994.



r 4 Table 4. }!axinun annual bonerkarro~ dose (rem).

Pandantis, breadfruit, coconut, tacca fron southern islands

Village island gra-;eled and plo~{ed

.

Start January 1974 Start January 19S4

Living Pattern Child a Adult a Ch~ldb Adult.

1 0.047 0.045 0.047 0.043

2 0.122 0.130 0.092 0.101

3 0.168 0.204 0.138 0.166

4 0.415 0.516 0.325 oo39~

s 0.121 0.135 0.094 0.106

6 O’. 253 0.354 (36~02 0.254

Table 5. 31axinun annual bonenarroli dose [rem].

Total diet fron southern islands

Village island graveled and plo~(eti

Start January l!-~ Start Januzry 12S:

Living Pattern Chilci 2 -Adult = Child b Adalt

1 0.047 0.045 0.047 0.043

2 0.097 0.091 0C071 0.069

3 0.094 0.094 0.077 0.079

4 0.199 0.193 0.133 oal~g

5 0.096. 0.096 0.074 0.0?4

6 0.189 oo~lj 0.123 0.134

a Diet change at 10 yr., i.e., 1984.

b Diet change at 10 yr. , i.e., 1994.

/LA



Table 6. Maximurr annual v.’hole-body dose (rem).

INo restrictions on diet

Village island unmodified for external gamma

Start January lgi’~ Start Jancary 1?S4

Living Pattern Childa Adulta Childb Adult

1

2

0.03$

0.234

0.039 0.038

0.200

0.039

0.233

3 0.619 0.630 0.531 0.628

4 1.81 ‘ 1.80 ., 1.54 1.79

5 0.285 0.291 0.252 0.291

6 0.798 0.812 0.674 0.802

-—

1 (A) Enewetak-Parry ALVIN-KEITH Southern 1~.

2 (B) Ene~vetak-Pari-y K-a&TE - y{I~~:-+ -, LER Oy- Northern 1s,

3 (D) JANET JAKE T North.ern 1s.

4 (F) BELLE BELLE Northern 1s.

5 (c) JAIiE’T KATE- TtVINiA . LEROY ~Sorthern Is.

6 (E) JANTET ALICE- IREX12 Northern is.

a
Diet chanxe at 10 yr. , i. e. , 1984.

b
Diet change at 10 >-r. , i. e. , 1974.



. 4
Table 7, Lfaximum annual whole-body dose (rem).

R’o restrictiGl~s on diet

Village island gra~-eled and plowed

Start JanuarV 1934

Living Pattern Childa Adulta Childb Adult

1 0.039 0.039 0.039 0.038

~ Q. 234 6.236 0.200 0.233

3 g. 540 0.542 0.452 (). Qo

4 i. 56 1.55 1.30 1.55

5

6

0.237”

0.749

0.241

0.761

0.204 0.240

0.631 0.757

Pandanus and breadfruit from SGUt~i CYll is.lantis

Village island grave led and plo~~’ed

Start Januar\r 1Q74 Start Jancar’,’laS4

Living Pattern Childa :4dulta Childb “Acult:

1

2

‘o. 039 0.039

“O. 125 0.128

.0. 039 .0. 038

“O.146 “0.12’7

3 0.245 0.252 0.304 0 720.-. ,

4 0.662 0.663

5 “0.12s . 0.133

0.846

0.149 0.132

6 0.350 0.367 0.430 !). 363 .—.-—
aDiet change at 10 yr. , i. e. , 1984.
b

Diet chan:e a: 10 yr. , i. c. , 1994.



<+’~9“ Nfr.xil.nurn annu~ 1 whole- bed}- dose (rcn-~).
“\

~rld tacca fronq southern islands
\

pantianc=, eadfruit, coconut,
\

Village island gravelec and plowed
~——

— .

Start January 1974
Start Januarl’ 1’3S=

a ch~~c~b ~ticlt
Childa .AAdu~t

Living Pattern —-

0.039
0.039 0.839

1 0.040
0.078 0.093

2 0.091 0.122
0.119 ().~sl

3 0.146 0. 1s7

O. 280 (?, :355

4 0.337 0.473
0, 080 0.G98

5 0.093” 0.127 .,

0.16C Cl.241

6 0.246 0.328
~--

~~~~

village island gra~-eledand plcIx.ved _.— .. --,
_————

~— ~~al-tJ2n:~~r’:~a_
Start Januar\ 197+

_—— ———
——

Childb A.GGI 1

Living ~a:tern Child2 Adulta .— ~— —
~~

———
0.039 c). 039

1 0.040 0.039

0.065 0.066

2 0.090 0.083

0.070 c). 07;

3 0.087 0.097

0.126 0.120

4 0.192 0.191
0.066 0.071

5 G. 089 0.094
0.116 0.131

6 0.182 0.211

~—
___

I

I

aDiet change at 10 yr. , i. e. , 1984.

b Diet change ~t lo :rr. , i.e. , 1?94.
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