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REPORT BY THE TASK GROUP ON RECOMMENDATIONS FOR

CLEANUP AND REHABILITATION OF ENEWETAK ATOLL

INTRODUCTION

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

provide radiological criteria for cleanup and rehabilitation of Enewetak

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

(DOI). AEC also agreed to conduct a comprehensive radiological survey.

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

radiological] environment of Enewetak Atoll to support judgment as to whether

all or any part of the Atoll can safety be reinhabited and, 1f so, to des-

cribe cleanup actions to be taken and any constraints.

Radiological survey field operations were conducted between mid-October

1972 and mid-February 1973. Samples taken in the field have been analyzed

and complete results of the survey have been published cs 4 Nevada Operations

Office document (NVO-140), Enevetak Radiclasical Survey, Vols. I, II, III.

An abstract of NVO-140 is presented in Appendix I of this report, ard the

“Summary of Findings" chapter is reproduced here in Appendix II.

In July 1973, a Task Group was established te review the Survey findings

and to prepare cleanup and rehabilitation recommendations for consideration

by the Commission. Members of this Task Group are: Mr. T. McCraw (ALC/OS),

Dr. W. Nervik (LLL), Dr. D. Wilson (LLL), and Mr. W. Schroebel (A2C/DEER).

Advisors and consultants to the Task Group have included Dr. E. Held (AEC/ReG),

Dr. R. Conard (BNL), Dr. H. Soule (AEC/WMT), Dr. N. Barr (AEC/DBER), Dr. R.

Maxwell (AEC/DBER), Mr. L. J. Deal (AEC/OS), and Mr. R. Ray (AEC/NVO). Staff

liaison representatives from DNA, EPA, and DOI participated in Task Group

meetings.

The job cf the Task Group is to recommend radiological criteria for

cleanup and rehabilitation of Enevetak Atoll and to recommend those remedial
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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 Task Group, advisors, and consultants have carefully reviewed the AKC

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

rehabilitation preferences of the Enewetak people; applicable radiation pro-

tection guidance established by various national and international Radiation

Standards bodies; and current laws and repulations pertaining to dispcsal of

radioactive waste materials.

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

of the Task Group, advisors, and consultants, are most appropriate for the

U.S. Government to take to provide a radiologically acceptable environment

for the Lnewetak people considering they will be long-termresidents on the

Atoil.

TASK GROUP STATEMENT CONCERNING THE RADIOLOGICAL SURVEY RESULTS

After thorough review of the Radiological Survey Report, the Task Group

malics the following observations:

e The survey provides an exceptionally complete cata base for

estimating radiation doses. It includes the results of an

aerial gamma radiation survey of land area plus radiochenical

data from the analysis of over 4500 samples of air, soil, sediment,

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 Atol1l*, provide an accurate, comprehensive,

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

the Enewetak people.

e Several important components of the Enewetakese diet are either not

now available on the atoll, or are available in quantities which are

small compared to the needs of the people. Pigs and chickens are not

available at all, but will be reintroduced. No breadfruit is growing

now; pandanus and tacca are growing only in scattered locations; and

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

fruit, pandanus, tacca, and coconut must be planted and will begin

to produce crops after about eipnt years.

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

correlations with plants and animals now present on the atoll and on

inferences drawn from earlier surveys on Bikini and Renpelap. There

are many data points, and these correlations provide the best method

currently available for estimating internal exposures. Nevertheless,

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

produced in the areas of concern.

e Air sampling at Enewetak, accomplished largely during a three

week period in Decerber 1972 on uninhabited northern islands,

showed extremely low levels of airborne radioactivity. Con-

 

*"Enewetak Atoll Master Plan for Isiand Rehabilitation and Resettlement,"

(3 Vols.), Holmes and Narver, Inc., Nov. 1973.



prehensive air sampling during 12 consecutive months under

conditions closely approxinating human habitation and soil

disturbance would provide more accurate data on which to base

inhalation exposure estinates.

@ The Enewetak People advise that catchment rainwater is the customary

principal source of 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 JANET in 1971. A thorough jens

water sampling, analysis, and assessment program requires sanpling

through a full rain-dry season cycle, 12 consecutive months at

aminimum. Arrangements for sampling fresh water lenses are

being made,

6 It is the opinion of the Task Group that the resuits of additional

air sanpling or lens water sampling probably would not significantly

change the dose estinates in NVO~-140 nor change the reconmmends-

tions of this Task Group.

RADIATION CRITERIA RECOIOSTENDED BY THE TASK GROUP
 

A review of the radiation protection standards and puides considered bv

the Task Group to be applicable to Enewetak is presented in Appendix ITI.

This review indicates that the numerical standards and radiation protection

philosophy of both national and international standards bodies are similar.

Vey 4,
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Summarizing that appendix, the specific guidance and criteria used by the

Task Group in its assessment of the data and recommended for cleanup and

rehabilitation of the atoll, are as follows:

@ The population dose to the Enewetak people should be kept to the

minimum practicable level,

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

Radiation Protection Guides (RPG's) for individuals is recommended

for the criteria to be used in evaluating the various exposure

reduction options considering that such exposures cannot now be

precisely determined,

The following values apply:

Whole body and bone marrov —- 0.25 Ren/yr

Thyroid - 0.75 Pem/yr

Bone = 0.75 Rem/yr

The guide for gonadal exposure of the population shoulo be -

4 rems in 30 years.

The guidance for 2395, in soli should be the following*:

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

b. 40 to 400 pCi/em of soil - corrective ection determined on 4

case~by-case basis** considering all rediolcesical conditions,

c. > 400 pCi/pem of soil ~ corrective action required.

 

*These values are recommended for use in cleanup of Enewetak Atoll only.

**See Appendix III for additicnal guidance,
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ASSUSSMENT OF DOSES AND THE RESULTS OF ALTERNATIVE CORRECTIVE ACTION

The Task Group approach for development of judgments and reconmmendatior

for the radiological cleanup and rehabitation of Enewetak was to consider

a number of alternatives for exposure reduction that may be feasible. hasic

! the procedure involved four steps:

o Assessment of doses for s population living on the atoll in its

current radiological condition.

t
h

fo
e

e Assessment of dose reductions that might be expected due to modific

tion of the diet.

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

of contaminated soil.

Pine 4 ~ ow ’ nee Sane oe© Comporianan of thenan deca ansenoment matrices with theaS ~ - nee see eeee mnepiulation 2

guidelines used by the Task Group.

The Enewetak Radiological Survey Report (9V0-149) certains estimates

population doses on the atoll in its current radiological condition for si

living patterns chcsen to be nost representative of the [newetak people's

desired life style after they return. ‘In addition, dose estimates are ma:

for each of these living patterns for each of the following corrective aci

e Gravel the village area and plow the villape island.

 

spe @ Import pandanus ard breadfruit from the southern islands (ALYIN-

KEITH) for inhabitancs of the northern islands.

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

islands.

e@ Import pandanus, breadfruit, coconut, tacca, and domestic meat fi

the southermislands.



The estimates for 30 year whole body 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 rems in 30 years. Population dose guidelines used by the Task Group

include annual dose rates as well as 30 year intergrals for genetic

doses, Tables 3 and 4 show estimates of the maximum annual whole bedy

and bone dose,*

In considering the reduction in exposure that may be achievable through

renoval of contaninated soil, the Task Group has taken the position that these

predicted exposures are approximations ocnilv, The effeetiveness of such actions

to reduce internal exposures must be confirmed through analysis of test

plantings. **

In its assessment of dose reductions that mipght be possible due to

removal of contaminated soil, the Task Group posed the followinse questions:

“Given the dose estimates of Tables 1-4, and the dese reductions that can

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

be achieved by removal of soil and, if so, what volume of soil would have tc

be removed from contaminated islands"? In order to address this question

 

*A detailed description of the calculations leading to the estimates in Tables

3 and 4 is given in Appendix IV.

**The Task Group does not favor soil removal as a dependable or feasible

exposure reduction action. However, such action is reviewed in the Task Groups

Report in order to present a complete picture of the various possibilities

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

villages, for growing pandanus and breadfruit, for growing coconut, and for

raising domestic animals.

Figure 1 shows the Enewetak Atoll Land Use Plan as presented in the

Enewetak Atoll Master Plan. Of the northern islands only Enjebi (JANET) is

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

Amon (SALLY), Bijile (TILDA), Lojwa (URSULA), and Alamebel (VERA) are intended

to be used as apricultural islands, and the remainder (ALICE, BELLE, CLARA,

DAISY, IRENE, KATE, LUCY, MARY, NANCY, and WILMA) as food gathering and picnic

islands.

Figure 2 shows the land use plan for Enjebi Island (JANET), including

14 housing areas (560,000 ft", assuming an averape housing area to be 200'

x 200' in size), a commmity center (200,000 £7), subsistence acricultural.

areas (1,100,006 ft’), and commercial agricultural areas (7,300,000 ft").

In order to get an approxination of the amount of soil that would have

to be removed to bring about a piven dose reduction, one needs to determine

the three dimensional distribution of the radioactive contamination. Figure 3

shows the average 905, activities (pCi/pm) in soil samples collected to a

depth of 15 cm on JANET. Similar figures for 13766, 6000, and 2395y may be foun:

Appendix II of Nvo--140. In addition to the 15 cm deep samples, radioactivity

distribution as a function of depth ("profile samples") was measured in

fourteen locations on JANET. Data from these profiles are presented in

Figs. B.8.2.a-n of Appendix II of NVO-149. Inspection of these profiles

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

to reduce the activity in the top 2 cm layerby a factor of 10. In addition,



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, even at depths greater

than 100 cm. Table 5 shows pertinent data for 905,

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

the "average profile” for calculational purposes, 90... and 13766 data fer each oi

fourteen profile samples have been reproduced in Tables 6 and 7. The average

values for 905, for each sampling depth are plotted in Fig. 4. It is apparent t}

from the surface to about 30 cm the 9060 specific activity is decreasing with

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

half thickness increases to 22 cm. The levels to not pet as low as those found

on the southern islands (0.5 pCi/gm) at any depth down to 180 cm. Those

profile samples which lie in or clesest te the subsistence agriculture areas

of Figure 2 have been averaced and plotted in Fig. 5. In this set, the halt

thickness is only 4 cm from the surface to 10 cm. but increases to 25.5 a

in the 10 to 85 cm depth range. Similar treatment of the 1376, cata is

piotted in Figs. 6 anc 7. In Fig. 6, where all samples are averaged, the

half thickness is 4.5 cm down to about 10 cm, and 12 em from 10 to §5 cm.

Levels: equal to those found on the southern islands (*0.2 pCi/gm)} arc found

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

gives a half thickness of 2.7 cm down to 10 cm, and 17.€ em frem 10 to 85 on.

For both 9055 and 137¢, it is apparent that the profile averaged over all

samples is more conservative than is the profile for subsistence agricultural

areas for estimating the affects of soil removal: therefore the Task Grour

has used Figs. 4 and 6 for estimating dose reductions that might 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

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

plants and average soil concentrations in the 0-15 cm samples (Fig. 3) since

foods such as pandanus and breadfruit were not found on JANET and, second,

that these 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 average concentrat

of the nuclides of concern in the 0-15 em depth of the newly exposed surfac

to that for the surface which is present now. This approach does not consi.

the radioactivity in the soils deeper than 15 em which may be inportant,

particularly for plants with roots that penetrate deeply into the soil. Ta

presents these average concentrations and ratios for 905, and 1370, for eac

increment from the present surface down to 105 cm as derived from Figs. 4 <

These estimatcs indicate, for example, that removal of 15 cm of soil may rc

the terrestrial food dose due to 905, by a factor of 3.3 and that due to

137¢6 by 3.2. However, such reduction may or may not be actually achieved

There is no experience to support these reduction levels.

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

occur due to specific cleanup actions on JANET. Table 9 shows the doses

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

the contributors to the 80 Rem bone dose of Table 2 using values for 0c -

1376, averaged over all of JANET. Case Dl indicates that if subsistence

agriculture is limited to the area shown in Fig. 2 (i.e., along the lagoa

13790 :
shore) the Sr and Cs levels may be reduced to such an extent that th<

resulting 30 yr bone dose becomes 57 Rem. Removal of a half-thickness of

mf
.
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1376, (4.5 em) in the residential areas has little effect since that action

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

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

dose by significant amounts. Removal of the top 15 cm layer, for example,

may reduce the 30 year bone dose from 57 Rem to 19 Rem, while removal of an

additional 15 cm may bring the dose down to 10.7 Ren.

Since soil removal-vs-bone dose reduction would possibly 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. For case D-1, for example, if pandanus and breadfruit are

grown in the subsistence agricultural areas only in sections from which 15 cm

of soil have been removed, the resulting bene dose may drop from 57 Rem to

7 ne fs GC? 9 Fos 17 ON Tr nen .
ah; Vae St Pe ee FU he re wand additiconsl as om 1ns2. ty .

the dese may drop to 23.7 Ren.

The maximum dose reduction that can be

achieved is through importation of clean soil from the southern isiands or from

outside the atoll. 90... concentrations in the average profile(Table 6)

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

180 cm. To achieve this meximum effect, however, sufficient clean soil has

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

the water supply for these crops must not have 906, levels higher 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 away. Given these

conditions, the 57 Rem bone dose of case D1 may be reduced to 18.9 Rem

(57-39.1 + 2.1 (0.45) (the 2.1 Rem from Table 241 and 0.45 from Table 243

of NVO-140).

SL at atCat
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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

through removal 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 pandanus and bread-

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

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

replacement areas using various fertilizers and trace minerals, and analysis

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

radioactivity in the fruit could be reliably predicted from analysis of

stems and leaves of young and as yet unproductive plants. This would requi-

additional study. Considering the tine required for such studies and

that the levels of radioactivity in soil are being reduced by radioactive

decay and weathering, it may take about as long to return people to JANNT

using soil removal and confirmatory studies as would be needed without suci.

actions.

In the commercial agriculture areas of JANLIT and the other northem

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

“Can the Enewetakese sell their copra?"). Data in NVO-140 (pr 560-562)

indicate that 137¢6 is the principal man-made radionuclide found in coconu

1376, (soil) at 1376, soil

4
concentrations greater than 4.7 pCi/gm. NVO-140 also indicates that 0. i

meat, with the relationship 1370, (copra) = 1.3

found in copra at an average concentration of 6.8 pCi/gm. Since 40. is 4

naturally occurring radionuclide and is always present in copra, it seems

able to judge the marketability of copra grown in Enewetak Islands on the

a
m
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of its 1370, content relative to the naturally occurring 404 If the 137 og

in soil is less than 5.2 pCi/gm, for example, the 1376, content of the copr

produced may be less thar its 40, content, and one might argue that its mar

ability should be unaffected. Table 10 shows the mean 13766 soil concentra

and soil removal actions that may reduce the 13765 cencentration in copra t

values equal to and twice that of the natural 40, for all northern 3s lands

(average profile data for PEARL, ALICE, BELLE, and CLARA, plotted in Figs.

8-11 and included in Table 3, were used in the calculations for each of the

islands).

On JANET, for example, the commercial agriculture area in its current

condition should yield copra with an averaze 137 668; concentration ratio

about three. Removal of a 6 em thick leyer cf soil may reduce this value

to two, and removal of 14 cm may result in copra with equal concentrations

137 40 .
of Cs and kK. Note that for islands nlanned to be used for commercial

agriculture, it is possible that only JAULT and PEARL have 137 C6 soil valu

high enough to yield copra with a 1376, 40. ratio preater than 2. Test

plantings of coconut would be needed in areas where removal of scil has

137 .
been conducted and the level of Cs in coconut meat analyzed before any

committment is made for planting of coconut trees in commercial quantities

With additional study it may be possible te predict with confidence che

137
level of Cs in coconut meat through analysis of stems and leaves of

immature trees. This would save time.



 

DISPOSAL OF CONTAMTIATED MATIRIAL

For disposal of contaminated material, there appears to be several

categories, each requiring separate consideration:

1. Contaminated scrap, non=«plutoniun.

2. Contaminated soil, non-plutoniun.

3. Contaminated scrap, plutonium,

4. Contaminated soil, plutonium.

5. Pieces of plutonium metal,

Some of the above are below the ground ‘surface such as in burial sites.

Some {s near the surface such as the pieces of plutonium metal on YVONNE.

With regard to disposal, the Task Group considers it appropriate to cite

the cbjectives for disposal, to list pessitjle approaches for disposal, and

to suggest pcessible interim measures where’ avopropriate.

Table 12 and the discussion in NV-140, Vol. I, contains information or

known or suspected burial sites for radioactive debris. The Uolmes and

Narver "Engineering Study For A Cleanup Plan, Enewetak Atoll-Marshall

Islands," ln.-1348.1, contains information on the location and quantity of

other above ground contaminated scrap.

Considering the relative short radiolosical halftimes for the fission

products and induced radicactivity found on such scrap and debris, the Tas

Group suggests that the objective for dispesal is to make this debris,

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

Possible approaches for disposal are:

1. Disposal in water filled and underwater craters.

2. Shallow land burial wherein the radiation level of the scrap

is not sienificantly grcater than the radiation level on land.



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 has not

recommended removal of such soil and therefore there would be no requirement

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

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

Enewetak people to this radicactivity and a minimal followup requirement to

insure that this situation continues after disposal.

The Task Group view is that because of its extreme long half life, disposal

of plutonium in the form of contaiminated soil and scrap is a problem of greater

magnitude than for fission products and induced activity . In its delibcraticzus,

the Task Group has assumed that the disposition of such material will be such

that there is no potential for exposure of the residents of the atoll ence

cleanup has been completed. This is then the cbjective for cleanus.

Recomumendations which follow will treat the questions of how to approach

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

of plutonium metal, and Appendix III of this report contains guidance on

decisions to be made on whether removal of plutonium contaminated soii is

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

mininun, cleanup must accomplish the recovery of the plutonium contaminated

materials, soil and scrap, from the various islands including buried scrap,

with placement in stockpiles as few in nunber as possible. The obiect is to

get better control of the materials and to minimize spread of contamination,

Cio



YVONNE may be a suitable site for such stockpiling with the quarantine

continued until proper disposal is accomplished, It is the hope of the

Task Group that deliberation and decisions on disposal of plutonium contaminate

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

As for considering disposal, there appears to be three possibilities:

1. Disposal wherein there is an irrevocable comnittment of the -

contaiminant to the environment.

2. Disposal wherein, with some difficulty, a later decision could

change the method of disposal. |

3. An effort made to find a way to reduce the volume and amount of materi.

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

The following ideas have been put forth for disposal of plutonium contam:

soil and scrap:

1, Disposal of plutonium contaminated scrap in the deep lagoon or

deep ocean,

2. Make the contaminated soil into concrete blocks with disposal in

deep ocean or through burial on land,

3. Disposai of contaminated soil in the form of cement poured into

deep drill holes on land with the scrap added.

4. Disposal of soil and scrap in the water filled craters on YVQUNE wit

a thick concrete cover.

5. Return of these materials for burial in the U.S. in packaged form or

as concrete blocks.

Any ocean disposal plans must be 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

Task Group does not have adequate information to determine whether this may

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

conducted with YVONNE used as the study site.

TASK GROUP OBSERVATIONS AND CONCLUSIONS

In the radiologically complex Enewetak Atoll environment there are a -

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

of various islands. The Task Group has considered as many of these as

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

attempted to arrive at a consensus of opinion among the drafting group and

its technical advisors. Comments on draft material have been solicited

from staff of several Federal acencies. Their sugpestions have influenced

the approach to development of recommendations and have led to numerous

changes of a technical nature. Regarding each cption, the following have

been considered.

1. Determination of the radiological exposure to be expected and

comparison of predicted exposures with accepted radiation exposure

criteria,

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

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

criteria and any uncertainties regarding the effectiveness.



4. The possible impact on the Enewetak people and on the environment.

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

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

has deliberated whether actions of an enpineering nature such as soil removal

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 enviroment and the uncertainties regarding effectiveness

have been viewed on the one hand, and the question of the extent to which the

Enewetak people would comply with restrictions on the other.

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

be associated with a broad ranse of options and provide data for calculating

doses for other options for anycue who wishes to do so. The dose reduction

expected for one option can be compared with thar of unviher. Lolo: veutis fu:

cleanup actions are being prepared by isin; and the impact and acceptability

of restrictions can be evaluated through Uiscussions with the Enewetaik Council.

In NVO- 140, and in the previous section cf this report, dese estimates -

and therefore options - were considered i: matrix form (e.g., living pattern

vs. diet, cr diet source vs. amount of soil removed). While these matrices

setve to indicate in detail the range of conditions to be found on the atoll,

the Task Group feels that its' recommendations are presented more effeetivei: i

narrative form.

There are three basic questions to be addressed: e.¢g., "Is the radiation

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

return to their atoll," "Is the raciation environment on Enjebi acceptable

tor can it be made acceptabie for the people to return," and “Are there islands

which are not acceptable for people to cenduct their normal agricultural an¢



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

restrictions imposed that would keep exposures within acceptable criteria?"

Within this framework of data and basic questions, the Task Group has

focused attention on the following options (see Fig. 146, AppendixII):

Option I

a. No return of the Enewetak people.

b. No radiological cleanup.

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

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

addition, choice of this option cannot be defended using current radiation pro-

tection philosophy and standards since the predicted exposures fer persons livin:

on the southermislands are well within acceptable standards.

Opitun If

a. Return to the scuthern islands (ALVIN-KEITH).

b. Agriculture linited to the southern islands.

c. Travel restricted to the southem islands.

d. No restrictions on fishing.

e. No radiological cleanup.

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

in pepulation doses well below the guides (Ro A of Tables 1-4). It diZfcre

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

Many areas of the atoll, and the Pu in soil on YVONNE, IRDONE, and in the burial

sites on SALLY, plus generally contaminated areas on ALICE, BELLE, CLA,

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

areas in perpetuity, at least for YVONNE, since the metallic Pu is expected

te be present on the surface of the island indefinitely unless cleanun is
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performed. Under current conditions there is a potential for exposures exceeding

Federal standards through the inhalation pathway and the possibility of spread of

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

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

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

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

the growth of pandanus and breadfruit to the southern islands would permit all

other substance agricultural practices on JANET-WILMA without the radiation

exposure criteria being exceeded. Similarly, it is difficult to justify limitin:

travel to the southerm islands since the ambient gamma levels on the northern

islands do not represent a significant external exposure potential for

occasional visitation.

OptionTIL

a. Return to the southern islands (ALVIN-KDITH).

b. Substance Agriculture limited to the southem islands plus JAUET-WILY.

wexcept that pandanus and breadfruit are limited to the scuthera island

c. Wo restrictions on travel.

d. Ro restrictions on fishing.

e. Remove Pu contamination on YVONNE,. IRENE and the SALLY burial sites.

f. 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 terms, it

maximizes unrestricted use of areas of the atoll having low radioactivity

levels, leaves no hazardous legacies for the indefinite future, and permits

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

doses weli below the recommended radiation criteria.
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This option does not specify action against radioactivity in soil of the

islands such as ALICE, BELLE, and CLARA, nor does it recormend that residences

be built on JANIT. By implication, therefore, rescttlement of JANET would have

to wait for radioactive decay and weathering processes to reduce contaminaticn

levels to acceptable values on these islands. Since the predominant isotopes,

1376, and 705, each have half-lives of thirty years, the waiting period could

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

On the other hand the reduction could proceed at a somewhat faster rate. Or
. marrow

JANET, reducing the. maximum annual child's bone/dose from 0.72 rem/yr (Table

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

90 about
Sx would theoretically require a wait of/50 years considering only radiolozicz

decay. It is not expected that such a reduction will actually take thet lone.

Option IV

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

b. Return to JANET and build residences and community center in locations

shown on the Master Plan.

c. Remove a minimum of 30 cm of soil in ail areas where pandanus and

breadfruit are to be grown on JANET; import clean soil in which to

establish these plants; or import pandanus and breadfruit from the

southern 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 should be

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

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

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

i)



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

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

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

objectionable, Removal of soil alone is anotner alternative, but the

effectiveness of the action is uncertain for reducing population dose since

90 137 7 .
Sr and Cs are found so far below the surface on JANIT. Importing soil for <

of subsistence crops such es pandanus and breadfruit would possibly reduce the

dose from these foods to levels couparable to those found on the southern islend:

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

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

activity levels higher than those in the southerm islands. How this can be incw

is not obvious at this time.

‘rhe Tasik Group considers Uption Lv usc, vy ilseii, to be Uacceptavic at

this time. Even with the actions and restrictions indicated, exposures

would be too high to provide an acceptable marpin within the criteris. This

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

Importation of food from the southern part of the atoll or other sources is

believed to represent an inpractical solution to the problem of excessive

internal exposure. Use of a layer of clean soil in areas for food production

c
eis not known to be effective, would be hard to regulate, and would constitutes

an experiment involving the Enjebi people. In addition, use of clean soil

for subsistence crops may have little affect on levels of radioactivity in

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

Since Option IV a-c is expected to result in population doses near or

slightly above the radiation criteria, further dose reduction may possibiy

be achieved by:

Liopez
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d. Removal of 15 cm of soil in the subsistence agricultural area of JANET.

e. Removal of 15 cm of soil in the commercial agricultural area of JANET.

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

and 0c in the remaining top em layer of soil - or have roughly the sane

theorctical effect as waiting sixty years for radioactive decay to take place.

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

would possibly result in an ultimate finding that doses would be below the

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

Most significantly, however, implementation of Option IV a-e would remove

a minimum of 15 em of soil from essentially the entire island cf JANET. Since

the top soil on that island is charitably described as meager, such acticn

would leave JANCT a sand island. Heroic actions would be required to either

reconstitute the remaining soil throush use of fertilizers and other

additives, or import top soil sufficient to support subsistence and covnercia:

agriculture. With any of these actions a period of time would be requircc,

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

and breadfruit are grown and analyzed for their radioactivity concent, before

a decision could be made to settle people on JANET. An additional period of

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

commercial crops in quantity before the island could support its innabitanis.

Option V

a. All of Options IV a-e, plus:

b. Removal of a minimum of 10 cm of soil from PEARL.

c. Removal of a minimum of 47 cm of soil from ALICL, 14 cm from BELLE,

and 10 em from CLARA.
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If pandarus and breadfruit are to be grown on northern islands other

than JANET, the criteria of Option IV cc should apply, i.e., plant in

soil having a 0. 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 according to

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

options since it requires removal of additional soil and requires recon-

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

a viable option is clouded by uncertainties regarding the exposure reduction

that can be achieved through partial soil removal and by selective soil

replacement.

For comnarative nurnosesc. nani atinn dAnce eatrtratne far Ontione TA ase

presented in Table ll.

RECO?IENDATION
After careful review of all available radiological data the Task Group

members' specific recommendations are as follows:

1. The people of Enewetak Atoll may be safety returned to their honc-

land provided certain actions are taken and precautions observed.

In the interest of achieving a minimum practicable dose for the

Enewetak people the Task Group recommends that:

a. The first villages and residences be constructed on CLMER, FRED,

DAVID, or on any of the southern islands (ALVIN-KEITH) that the

Enewetak people choose.
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b. Growth of all subsistence crops such as pandanus, breadfruit,

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

except coconut be limited to islands ALVIN-KLITH.

c. Subsistence and commercial coconut may be grown on any island in

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

CLARA, DAISY, IRENE, JANET, and YVONNE.

d. Fishing be pernitted anywhere.

e. Travel be unrestricted to all islands except YVONKI. When the Pu

contamination on YVONNE is removed, the restriction of travel to

that island can be lifted.

f. Wild birds and bird's eggs be collected anywhere.

g- Coconut crabs be coliected only on the southern islands.

h. Wells which are intended to provide lens water for human consunpti >”

or for agricultural use be drilled onlv on the southerm islands.

When drilled, water from each well should be checked for bacteria,

salinity, and radioactivity content before the well is approved

for use.

It 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 about three miles of the

Mike event that had a total yield of about 10 Megatons. [njebi

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

The Tash Group has been unable to determine any way in which radiaticr

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

reliable and feasibie, in order to resettle Enjebi at the sane time as

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

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

possible approaches:

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

whether exposure for [njebi residents would be within acceptable

criteria. °

b. Conduct of studies using test plantings to determine when exposures

would be within acceptable criteria but no soil renoved.

In either case, housing construction and planting of subsistence and

commercial crops would be deferred until research with test plantings

shoved acceptably low levels of radicactivity. The Task Group

recommends the second approach as one having minimal adverse impact

on the island environment.

Ine research program in 3 above should ciso inciude ao

determination of radioactivity levels in copra and other food crops

produced on PEARL, CLARA, ALICE. and BELLE. YVONNE should also

be included after removal of plutoniim contaminated soil.

Ali radioactive scrap metal and contaminated debris identified durins

the Holmes and Narver [ngineering Survey should be removed. If

additional contaminated debris is discovered in the course of cleanun

and rehabilitation operations, it too should be removed. Specificellv

included in this recommendation are the three locations on SALLY ana

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

debris should be exhumed and removed.

The quarantine of YVONNE should be continued in effect wmtil the

plutonium contamination on that island is reduced to acceptable levels

Should any Enewetak people return to the atoli before cleanup is



begun or before completion, an authority responsible for enforcement

of the quarantine should be identified and should be in residence

in the atoll when people return.

The distribution of plutonius coutamination on YVONNE is sufficiently

complex that specific recommendations for cleanup cannot be presented.

It is expected that the true picture of this contamination will unfold

as the decontamination effort proceeds. Presented are sone of the

requirements and objectives that vill establish a backsround from which

plans can be made for recovery of plutonium on YVONNE,

a. Decontamination of YVONNE is seen as an iterative process, naneiy,

removal of soil, monitoring of radioactivity levels, and renoval

of more soil. This amounts to a search for the hisher plutonium

leveis and reduction of Lnese to the lowest praciticabie veiue.

b. A tean of experts should be assembled who can make and interpret

field radiation and radioactivity measurements, advise on cleanzp

actions, and provide necessary health physics support ineludinr

protection of workers, decontzinination of workers anid equipment,

and packaging and handling of collected plutoniim.

c. The objectives of the cleanup are two:

(1) “Recovery. of the pieces of plutoniumchat have been observed.

on or ncer the island surface. Some contain millicgran

i quantities of plutonium metal and are easily detected with

{field survey instruments such as the FIDLER.

cstPp
.(2) Recovery of plutonium contaminated soil. To a f

approximation, the location of the zones of hicher Pu cun-

centrations are shown in the survey profiltsamples.
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TABLE 1, 30 Year Integral Whole Body Dese (Rem)
 

 

  

 

 

1 Ir Iti wv Vv
Import Pandanus, Import Pandaenus

Current Condition Gravel Village Import Breadfruit, Breadrruit,
Living (no corrective Area - Plow Pandenus and Coconut, and Coconut, Tacca,
Pattern* action) Villege Islend FEreadfruit Tacce and Meat

A 1.0 1.0 1.0 1.0 1.0

B 4.4 4.4 2.2 1.9 1.3

Cc 5. 4,4 2.7 2.4 1.8

D 1. 8.9 4.4 3.7 1.9

E 14 13 6.6 5.7 5.3

F 31 - 2b 11.500 (—C 9.1 Jeo

Living Pattern Village Tsland Agriculture Visitation

4 FRED/ELDER/DAVID ALVIG unrousgn KREDI SOUwGErn Lo5icncs

B FRED/ELMER/DAVID KATE through WILMA Northern Islands

C JANET KATE through WILMA Northern Tslands

“D JANET JANET Northern Islands

E JANET ALICE through IRENE Northern Islands

F BELLE BELLE Northern Islands

m5
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tn.

all>



TABLE 2, 30 Year Integral Bone Dose (Rem)

 

 

I IT it IV V
Import Pandanus, Import Pandanus.

Current Condition Gravel Village Import Breadfruit, Breadrruit,
Living (no corrective Area - Plow Pandanus and Coconut and Coconut, Tacca
Pattern action) Village Island Breadfruit Tacca and Meat

A 3.8 3.8 3.8 3.8 3.8

B 39 35 11.5 9.1 4,1

C 37 35 12 9.6 4.6

D 80° 78 23 18 4.7

E 135 134 —; 38 27 6.1

F 220 ‘B13 61 43 6.3
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TABLE 3, Maximum Annual Whole Body Tose (Rem)
 

 

I III IV V

Import Import Import Pardanus,
Current Condition Gravel Village Pandanus Pandanus, Breadfruit,

wiving {no corrective Area - Plow and Breadfruit, Coconut, Tacca,
Pattern action) Village Island Breadfruit Coconut,Tacca and Meat

*
A 0.039/0.039 - 0.039/0.039 0,.039/0.039 0.039/0.039

B 0.234/0,236 - 0.125/0.128 0.091/0.122 0.090/0.083

C 0.237/0.241 - 0.128/0.133 0.093/0.127 ©.089/0.094

D 0.540/0.542 - 0,245/0.252 0.146/0.187 0.087/0.097

E 0.749/0.761 - 0.350/0.467 0.246/0.328 0.162/0.211

F 1.56/1.55 “ 0.357/0.475 0.192/0.i91

¥

Child/Aduit - both starting Jan. 1974.

 

0.662/0.663
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TABLE 4. Maximum Annual Bone Marrow Dose (Rem)
 

   

I II III Iv Vv

Import . Import Import Pandénus
Current Condition Gravel Village Pandanus Pandanus, Breacfruit,

Living (no corrective Area - Plow and Breadfruit, Coconut, Tacca,
Pattern ‘action) Village Island bBreadfruit Coconut,Tacca and Meat

*%

A 0.047/0.045 - 0.047/0.045 0.047/0.045 0.047/0,045

B 0.314/0.294 - 0.148/0.149 0.122/0.130 0.097/0.091

Cc 0.317/0.3C0 - 0.151/0.178  0.121/0.135 0.096/'0.096

D 0.718/0.677 - 0,293/0.294 0.168/0.204 0.094/0,094

E - 1.06/0.989 - 0.428/0.437 0.253/0.354 0.184/0,213

F 2.08/1.92 - 0.785/0.774 0.415/0.516 0.199/0.193

¥ |
Child/Adult - both starting Jan. 1974.
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TABLE 5. sr Profile Sample Data on JANET
 

Depth to Reduce

 

 

"Ay,"

Profile Sample Act. by Factor Poy Act. in Xs, Act.
Number of 10 Top 2 cm Tor 15 cm Below 100 cm

(cm) (pCi/gm) Max. (pCi/gm)

100 | 1 360 150 11 (50 cm)

135 56 18 10 1.3 (100 em)

136 > 100 14 17 3.6 (100 em)

137 15 34 16 2.1 (130 er)

138 9 100 28 1.3 (150 cm)

139 12° 410 220 5.4 (150 em)

140 66 54 95 4,8 (115 cm)

141 12 100 39 4.8 (135 cm)

142 60 gO 95 46 (120 cm)

143 > 100 21 31 13 (100 cm)

144 76 50 46 2.4 (100 em)

145 18 27 26 0.7 (100 cm)

147 25 87 200 0.6 (160 cm)
901 25 110 185 8.5 (40 en)

Av. 42 om 105.4 82.7 Tel

*(Ko. 100 and No. COL
excluded)

Mean Msp concentration in top 15 em samples:

JANET: 44 pCi/gm

Southern islands: |

DAVID, ELMER, FRED: 0.41 pci/gm

All others except

LEROY: 0.52 pCi/em
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Tedle 6. sr Concentrations (pCi/yr) in Profile Snmples Taken on JANET
Cample Depth(om) « ~

15- e@5- 35- 45- 55- 65- 5= B5e0 95- 105-

=

115- 125 135-  145- 155- 165- 1s.
Ore 2 TQ 0SS ER S105 S185, 3350 AR 153 165 it 165

Profile No,

100 * 360 220 75 21 12 12 Ll LL 8.2

135 * 18 16 7 8 5.5 5 5.2 3 2.3 1.3 1.5 2.3 1.63 #4+1.0 0,85

136 * 17 10 17 20 50 6.4 5.3 5 . 43.8 5.3 3.7

137 34 17 8.5 4.6 2.7 1.6 1.6 0.85 0.78 0.68 0.28 7,8 0.43 0.5 0.4 0.4 2.1 0.43 0,35 0.41 0.25

138 100 26 14 8 4.8 2.4 2.2 2.6 3,2 2.1 1.4 0.9 0.47 0.42 0.3 - 0.32 «1,3. 0.31 0.45 0.45

139 410 460 160 40 r8 34 26 9.35 0.9 1.0 0.8 0.23 0.857 0,8 0.47 0.3 0.31 5.4 1.2 1.5 |

140 * 54 6 18 17 #414 15 10 15 20 3.5 2.8 1.7 11 0.93 0.8 3.8

AL ¥ 100 78 18 8 5.4 5.2 5,2 4,6 3,2 2.8 7.8 3.0 2.6 2.4 2.3 1.8 4.9 1.5

142 90 95 120 1i0)=— 78 14 12 8.2 "22 5.6 4,8 4,1 46 22 4.3 3.5 3.3 2.9 2.7

143 * - BL 26 42 2 gar (<$sséi 26 25 al 3.7 LL 11 12,5

144 27 43 51 49 el 13 9 6.8 6.8 5.8 e.4 4.0 2.9 2.0 1.6 1.5 1.2 0.86 0.62 0.54 0.67

145 2722 27 ®T) 34 «600030045 003 00308 O34 OOTA «0027 0026033) 0089031026

147 87 35 24 50 19 5.8 1.5 0.35 0.55 0.4 C.4 0.26 0.20 0.27 0.29 0.3 0.18 0.22 0.63. 0.46 0,42

ay 110 «200. 230 sd 4s BG

 

Ay .Corporite 193.9 90 58 4. 73.813.7 8.9 7.6 5.6 ”.9 3.1 3.5 2.7 1.3 5.3 3.8 1.7 1.7 0.95 0,04 0.8

tyfGubsistence
Perienltaure Arena

(srreriter) Be, 59.3 29.5 16.7 72.8 21. 12.5 10.8 8.2 3.3 4.4 £4.45 44 1.4 1.3 3.55 4.9 1.5

 eemeeierrie ee eter
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Table 7. Co Concentrations (pii/em) in Profile Semples Trken on JANST.

. Sempletepth(em) = .

10-  15- 25- 35- 45- 55- 65- 75. 65- 95- 105= 115- 125- 135- 1455 155- 165- “ays.
2 25 51005 BS SB MB 5 6 1 8 9% 105 35 12 1355 165 155 16 I 1

Troftle No.

109 * 210 G4 235 3.1 0.7 «0.44 0.44 0.27 0.72

135 * 5.7 7.7 28.8 3.2 1.6 0.9 0.66 0.14 0.29 0.027 0.037 0.082 0.072 0.039 0.026

136% 6 4.8 6 4.5 6.5 6.5 2.7 1.3 0.85 0.78 2.5 0.47 0.19

137 1 16 11 3.2 0.86 0.9 0.25 0.21 0.23 0.19 0.:9 0.015 0.008 0.03 0.01 0.1 0.058 0.037 0.01 0.02 0.03

138 22 19 2L 6150542 12) (0.63 (0.23 0.37 «0.16 «0079 0.19 0.15) (0.063 0.03 + 0,035 0.1 0.09 0.04 0.08

139 110 - Bo 50 20 13 7 1.9 0.5 0.63 0.45 0,4 0.3 0.27 “0.36 0.23 0.18 0.35 1.7 0.55 0.42

140 * 43 15 4 13 2.3 1 1.1 $1.5 1.5 0,42 0.56 0,38 0.35 0.21 0.19 0.73

141 * 50 23 2.1 9.35 0.73 0.15 0.12 90.085 0.082 0.066 0.072 0.071 0.029 0.06 0.15 0.08 0,24 0.25

M42 («00—s«*B 42 49 4530 2650.72 0.45 0.23) 004 «0027 «0635 «0.29 «0418 S017) 0015034039) 053052

143% 6.1 5 5.2 7 6.1 6 5 4.7 2.9 O.1 O.PL 0.357 0.93

144 14. 18 14 8 12 #15 3.1 3.2 1.6 1,3 1.9 1,0 0.77 0.64 0.5 0.57 0.78 0.4 0.38 0.6 0.6

145 19 8 9.7 6.5 0.8 0.7 0.6 0.24 0.17 0.083 0.024 0.026 0.026 0.023 0.021 0.017 0.023 0.02 0.04 0,009 0.0)

At 3.5 19 18 16 29 2.6 0.85 0.4 0.6 0.32 0.28 0.12 «0.11 «0,017 0,022 0.018 0.04 0.017 0.009 0.007 0.c08

901 5.1 867 8.5 6.1 1.6 0.32 0.45

Av. Composite43.2 25.0 18.5 11.1 7.62 4.9 1.38 43.03 0.76 0.34 0.37 0.27 0.27 0.17 0.14 0.23 0.921 0.36 O.21 0.23 ©¢.?)

Av Subsistence
Agriculture 53.5 19.9 72 562 2.9 2.5 1.67 1.33 0.97 9.298 0.59 0.207 O.31 0.16
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Table 8, Concentrations of Os, and cs in gach 15 em increment below

the surface for the “Average Prefile Camples"

JANET

905, 13Tos

Depth Av. Xs, conc, Ratio to L Av. 13s conc. Ratio to 1
em (pci/gm) top 15 cm Ratio (pCi/em) top 15 em Pavic

0-15 67.7 1.0 1,0 19.6 1.0 1.0

15-30 — 20.2 0.30 3.3 6.26 0.411 4,22

30-45 10.2 0.15 6.7 3.63 0.164 6.05

45-60 6.36 0.094 10.6 1.11 0.055 18.1

60-75 3.96 0.059 17.1 0.464 0.023 43,5

75-90 2.82 0,042 24.0 0.277 0.014 72.6

90-105 2.34 0.035 28.9 0,249 00,0124 80.6

PEARL

0-15 12.4 1.0 1.0

15-30 3.4 0.276 3.5

50-45 1.1 0,088 lit

ALICE

0-15 36 1.0 1.0

15-30 24.5 0.68 1.47

50-45 16.6 0.46 2.1€

45-60 11.2 0.31 3.1

BELLE

0-15 48 1.0 1.0

19-50 9.7 0.202 ‘

50-45 2.0 0.041 22 5

45-60 0.4 0.008 122

CLARA

0-15 26 1,0 1.0

15-30 6.5 0.25 4.0

30-45 1.6 0.063 16

45-60 0.42 0.016 BA
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Tabel 9. Affect of soil removal on 30 year

90
Sr Conc

Soil Pemoval Action
(pCi/gm)

 (15 cm aver.)

D. Av. for JANET

Current condition ky

Dl. Subsistance

Agric. area 31

D2. Remove 4.5 cm in 21
Residential area ?

- D3n.

Remove 15 cm in 9.4
Subsistence Agric.Area

D3b.

Remove 30 cm 4.6

D3c.
Remove 45 em 2.9

D3d.

Remove 60 cm 1.8

a

>
w
e

integral bone ‘lose on JANET.

Bone Dose (Rem) Due To
 

  

Total Av. Est. 7

Soil Bone Exposure |
Volume Pandanus Coconut Meat D Rat External Marine

Breadfruit __ Tacca OS€ aves

0 5545 6.8 13.2 75 ho pR/hr 4.0 0.84

0 39.1 4.8 9.3 53.2 28 3.3 0,84

3.2x103m3 39.1 4,8 52.8 2.8 0.84

1.5x104m3 «11.8 1.5 2.7 16 2,2 0.84

3.0x10" 5.8 0.7 1.3. 7.8 2.1 0.84

4. 5x104 3.7 Ou 0.8 4.9 2.0 0.84

6.0x104 2,3 0.3 0.5 3.1 2.0 0.84

TOTAL

 

80

af

56.4

7-1

2-9



 

Mean current

es eonec. in

Table 10.

1957
Soil. removal actions to reduce

Cs concentrations in copra
 

 

 

Soil to be removed to

 

 

 

 

 

 

Leland soil (pCi/gm in achieve:
Comm. Agr. 15 cm samples) 10.4 pCi/fen 5.2 vCi/em

| Area Thickness Volume Thickness Volume

JANET 16 6.9x10° mo 6 cm 41x10" m° 14 om 9..7x10* m”

OLIVE 7.65 1.1x10° O Sem  0,55x10" m”

PEARL 12.4 1.5x10° 2 cm 0.30x10* 10 em 1.5x10"

SALLY 3.0 - 0 0

TIUDA 4,2 - 0 0

URSULA 1.7 - 0 0

VERA 2.0 - 0 0

Food Gathering and Picnicing

ALICE 36 9.3x10* n° 47 em 44x07 m? 74 em 6.9x1c* mn?

BELLE 48 18.6 14 2.6x10* m? elem 3.9x10"

CLARA 26 1.9 10 0.19x10* 17em 0.32x10*

DAISY 11 5.6 0 - Qem  0.5x10°

TRENE 3.2 - O - 0 -

KATE 13,1 74 3em 0.22x10° 12cm  0.89x10"

LUCY u 9.8 0 ~ 9em  0.89x10"

MARY 9.9 5.6 O - & cm 0.45x107

NANCY 12 8.4 2en 0.1710" llem  0.92x10"

WILMA 1.3 - 0 - 0



Table 11, Population Dose Estimates for Various Cleanup
and Rehabilitaticn Ortions on Enewetak Atoll,
 

40 yr whole 30 yr integral Max @nnual whole Max annual dcse to

 

 

 

body dose (Rem) bone dose (Rem) body dose (Rem) red bone marrcw (Rex
OPTION

Ia < < < * < - %
} = 1.0 = 3.8 = (0.039/0.039) = (0.047/0.045'

d

II a

d

c: 1.0 3.8 0.039/0.039 0.047/0.045
a |

e

Til a

b

¢

d 2.2 - 11.5 | 0.125/0.128 0.148/5.149

: |

IV ay

dD. 5.6 23 0.245/0.252 0,293/0.294

c

a 3.6 13 0.16/ 0.16 0.17/ 0.17

e 1.6 11 0.07/ 0.07 0.14/ 0.14

Va

b (same as IV e)

c

d

¥
(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,
906. IS%og 60

predominant radioactive isotopes now

239py are theCo, and

present, but their distribution is far from

Islands on the southern half of

the Atoll from ALVIN to KEITH have lev-

uniform,

els of contamination comparable to or

less than those due to world-wide fallout

in the United States.

half, islands ALICE to IRENE are most

heavily contaminated, KATE to WILMA

are least contaminated, and JANETis at

On the northern

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

Thirty-

year integral dose estimates for unmodi-

70-yr intervals after return.

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

Living Inhalation Bone, Terrestrial Marine Total
pattern Bone Lung Liver Ww. B. one W, one one

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

TIl 0.10 0.13 0,056 4.0 6.1 75 0,053 0.84 11 80

IV 0,47 0,59 0,24 10 21 210 0,053 0,84 31 220

Vv 0.11 6.13 0,058 2.9 2.7 33 0,053 0.84 5.7 37

VI 0,090 0,11 0,049 4.4 0.6 130 0.052 0,84 14 135

Living

pattern Village island Agriculture Visitation

I FRED/ELMER/DAVID

il FRED/ELMER/DAVID

III JANET

IV BELLE

Vv JANET

VI JANET

ALVIN through KEITH

KATE through WILMA

Southern islands

Northern islands

plus LEROY

JANET

BELLE

Northern islands

Northern islands

KATE through WILMA

ALICE through IRENE

plus LEROY Northern islands

Northern islands
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The main contribution to the population

dose comes through the terrestrial food

pathway, followed in decreasing order of

significance by the external gamma dose,

In the

terrestrial food pathway, the main con-

tribution to both whole-body and bone

marine, and inhalation pathways,

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 shownin

Table B.

Corrective actions to reduce popula-

tion doses will be most beneficial if they

are directed at the primary contributors,

i.e€., pandanus and breadfruit in the diet

and external gamma dose in the residence

areas. Since neither pandanus nor bread-

fruit are now growing on the Atoll in suf-

ficient amounts to provide a significant

dietary component, control of the location

and manner in which they are reestab-

lished will have a direct influence on the

If

their growth were limited to the southern

population doses from these fruits.

islands, for example, and the population

living on JANET were to import them

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

 

 

JANET.

905. dose Sigg dose
to bone, to whole body,

Food % %

Domestic meat 17 26

Pandanusfruit 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 ]
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rather than grow them locally, the ex-

pected 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

30 13%o5-contaminated soil fromSr- and

JANET would require denuding of the

entire island becauseof the relatively

uniform distribution of these isotopes

over the land surface.

Significant reduction of the external

gamma dose may be achieved by placing

a 2-in, layer of clean gravel in the vil-

lage areas and by plowing the agricultural

areas, On JANET, for example, use of

these procedures reduces the expected

30-yr external dose from 4,0 to 1.7 rem.

Thus, from Table A it is clear thata

very broad range of population doses may

be expected, depending on village island,

agricultural island, and living pattern. It

is equally clear that substantial reduc-~-

tions of the higher doses can be achieved

through relatively simple modification of

the agricultural practices and of the soil,

Table C summarizes the reduction that

could be expected from these actions for

a population living on JANET,

The island of YVONNEpresents a

unique hazard on Enewetak Atoll, Pure

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 CACTUScrater.

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 potential 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 m? of material.

Further removal of soil to reduce the

maximum plutonium contamination levels

to 50 pCi/g or less involves an additional

25,000 m°® of material,

Table C. 30-yr integral doses from all pathways compared to U,5, external back-
ground dose.
 

Unmodified soil case

30-yr integral dose, rem?

Modified soil case”
  

Location W.B. Bone W.B. Bone
 

Enewetak Atoll living
pattern II] (JANET-
current conditions) 11

Enewetak Atoll living
pattern HI (JANET-
pandanus and bread-
fruit imported) 6.5

Enewetak Atoll living
pattern III (JANET-
all agriculture con-
fined to southern
islands) 4,2

Enewetak Atoll living
pattern I (southern
islands) 1.0

U.S. background only 3.0

80 8.9 78

25 4.2 23

7.0 1.9 4.7

3.8 1,0 3,8

3,0 3,0 3,0
 

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

BSoit modified by placing 2 in. of clean gravel in the village area and plowing the
agricultural area.

“Based upon background of 100 mrem/yr at sea level.
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Appendix II

Enewetak Radiological Survey Report

Summary of Findings Chapter

W. Nervik, Lawrence Livermore Laboratory, Livermore, California

INTRODUCTION

It has been the purposeof 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-

pies 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.

II-1

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:

e LiF and CaFo thermoluminescent

dosimeters (TLDs) were exposed

for 33 months on seven of the

northern islands.

e A measurement using a Baird-

Atomic survey instrument was

made at each soil-sampling loca-

tion on each island.

e An aerial survey with Nal detectors

was conducted over the entire

surface area of every island.

All three techniques yield results

which agree to within about 10%. 606,
nd 137

a Cs contribute most of the total

external gamma radiation, with the

remainder due to small amounts of other

gamma emitters such as 125¢), 1995p

and 241 Am, The amount of 80K rela-

13

’

tive to "Cs varies throughout the Atoll,

with a range of values from about 0.5 on

JANET to greater than 14 on JAMES,

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) are

characterized by low and moreor less

uniformly distributed gamma-radiation

levels over the area of each island, As

exposure levels increase, exposure grad-

ients become severe, with beaches



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

Average exposure rate, uR/hr at 1 m?*
 

 

Island 1STag 600, (0-3Mev) Range?

ALICE 42 36 81 4-170

BELLE 61 50 115 5-200

CLARA 20 19 42 5-100

DAISY 6.8 14,4 21.3 5-140

EDNA 2.8 2.4 6 5-8

IRENE 14 63 80 3-560

JANET 25 13 40 2-150

KATE 11 7 19 3-22

LUCY 6 7 14 1-20

PERCY 2 2 5 2-11

MARY 5.5 4 10 2-12

NANCY - 6 5 12 1-50

OLIVE 6.5 4.5 11 1-15

PEARL 12 45 70 1-400

RUBY 2 12 14 1-42

SALLY 3.5 3 7 3-110

TILDA 4 2 6 2-11

URSULA 3 1.8 5 1-7

VERA 2.8 2 5 1-6

WILMA 1 1 2 1-3

YVONNE 5.6 22.4 33 1-750

SAM <0.3 (0,20) <0.6 (0.11) 10.9 0-1

TOM <0.3 (0.18) <0.6 (0.13) <0,9 0-1

URIAH <0.3 (0.06) .<0.6 (0.43) <0,9 O-1

VAN <0.3 (0.08) <0.6 (0.25) <0.9 0-1
ALVIN N. D, (0.06) <0.6 (0,25) <0,9 0-1

BRUCE 0.4 (0,22) 0.8 (0.34) 1.2 0-1

CLYDE <0.3 (0.04) <0.6 (0.11) <0.9 0-1

DAVID N. D. (0,21) N. D, (0.10) <0,9 0-5

REX <0.3 (0,28) <0.6 (0,25) <0.9 0-1

ELMER N. D. (0,19) N. D, (0.12) <0,09 0-2

WALT <0.3 (0.08) <0.6 (0.10) <0,9 0-1

FRED N. D, (0,14) N. D, (0.12) , <0.9 0-1

GLENN 0.4 (0.33) <0.6 (0.20) <0.9 0-1
HENRY <0.3 (0.14) <0.6 (0,20) <0.9 0-1

IRWIN <0.3 (0.08) <0,6 (0.46) <0.9 0-1

JAMES <0,3 (0,05) 2.8 3.0 0-5

KEITH <0.3 (0.15) <0.6 (0.49) <0.9 0-2

LEROY 2.8 4,8 7.6 3-8
 

“Average dose rates given are derived from aerial survey data. On islands whereactivity
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.

Das measured with the Baird-Atomic instrument,
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Fig. 146. Islands (those circled) requested as village locations by the Enewetak people.

generally at or very near expected back-

ground levels; the highest levels are

found in heavy vegetation at island centers

or near ground zerosites. 'Average"

values for islands with relatively high

dose levels include a broad range of values

for specific areas and should therefore be

used with caution.

Radioactivity Levels in Enewetak
 

Soil

Enewetak soil wer

um gamma-spectr

the distribution of

islands in the Atol

Approximately 3000 samples of

e analvzed by germani-

oscopic (GeLi) and

wet-chemistry techniques to determine

radioactive species on

1, Samples were taken

 



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

activity.

Two types of soil samples were taken

‘ and "profile."on eachisland: "surface'

At "surface'' sampling locations, two

samples were taken — one a 30-cm” xX 15-

cm-deep core, and the second a composite

of two 30-cm” x 5-cm-deep cores, At

"profile'' sampling’locations, 100-cm?

samples were taken from the side wall

of a trench dug for the purpose. Nominal

depth increments for the profile samples

were 0 to 2, 2to 5, 5to10, 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 905, 137 og,
239pu, and 8065, 404 3e, 10ley

102mpy 1256) 1335, 1346, 1525,

1945, 1555, 207 2266p, 235,
u, Bi,

2385u and 241am are also present in

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 ina

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 eachof the islands,

905. values for 0-15 cm core samples on

JANETareplotted 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.

in this area are not very meaningful,

Although generalizations

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 em of soil,

Figure 149 showsthe 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,

found on beaches and exposed areas on

Figure 150 shows the distribution

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 thesites

for tests or have been subjected to con-

struction and earthmoving activities

(primarily IRENE, JANET, PEARL,



Fig. 147. The average “Sr activities (pCi/gm) in soil samples collected to a depth of 15 cm.

 

100 METERS



Table 215, Enewetak soil data, ‘northern islands" (pCi/g in top 15 cm).
 

   

 

 

90, 13% KO, 23 IDy B0 Ky

Mean Range Mean Range Mean Range Mean Range

ALICE 80 14-430 36 5.6-141 12 3.9-68 5.9 1,4-33

BELLE Dense 123 14-670 48 14-170 26 7,2-130 10 3.1-30

Sparse 44 35-130 8.6 3.3-44 11 59.8-26 4.6 2.4-9.6

CLARA 65 13-310 26 5.6-110 22 3.5-88 6.4 0,91-20

DAISY Dense 190 100-380 11 3.4-33 41 22-98 11 6.4-26

Sparse 32 16-120 3.8 0.86-9.0 15 3.8-33 0.85 0.37-7.4

EDNA 46 30-220 4.2 2.7-6.4 18 13-24 0.43 0.33-0.63

IRENE 30 5.9-570 3.2 0.22-41 11 2.4-280 5.4 0.12-520

JANET 44 1.6-630 16 0.57-180 8.5 0.08-170 1.9 0.02-33

KATE Dense 67 37-200 24 18-37 17 8.6-50 2.7 1,6-5.8

Sparse ii 1.6-49 4.8 1,8-16 2.3 0.17-14 0.46 0.03-3.5

LUCY 32 10-83 11 2,2-25 7.0 2,4-22 1.5 0.26-3.8

MARY 29 11-140 ° 3,9 5.6-26 8.0 2.0-35 1.5 0.74-4.8

NANCY 36 16-110 12 6,.0-28 9.1 2.3-28 1.6 0.56-5.3

PERCY 13 3.6-73 0.94 0.12-17 3.5 1.5-23 0.47 0.08-2.9

OLIVE Dense 22 4.6-70 8.5 3.5-28 7.7 2.2-30 1.5 0.65-4.1

Sparse 4.5 2,0-11 0.16 O,07-11 2.8 1.9-4,1 0.41 0.05-0.31

PEARL Hotspot 62 35-140 19 7.4-55 3] 15-530 12 3.6-70

Remainder 17 3.2-61 7.6 1,2-34 1] 0.85-100 4,1 0.49-49

RUBY 12 7.1-63 1.4 0.71-7.2 7.3 3,0-24 0.93 0.29-16

SALLY 8.4 0.87-140 3.0 0.03-30 4.3 0.21-130 0.54 0.05-69

TILDA Dense 27 17-54 8,4 3.5-20 7.6 1.4-17 1.2 0.61-1,9

Sparse 8.7 2.2-47 1,0 0.04-5.3 2.5 1,1-34 0.37 O,21-1,7

URSULA 6.8 2,0-19 1.7 0.13-7.8 1.3 0.26-7.3 0.31 O.05-1.7

VERA 6.3 1.1-68 2.0 0.03-12 2.5 Q.60-25 0.30 0.02-2.2

WILMA 3.3 0.26-13 1,3 0.31-7.2 3.1 0,1-5,3 0.12 06,01-0.7

Southern
YVONNE 1.7 0.09-20 0.40 90.02-3.6 3.2 0.02-50 0.64 0.01-20

Northern
_ Beaches 6.4 1,2-30 0.30 0.03-9.0 2.7 0.34-18 0.13 0.03-1.6

YVONNE - Because of the complex distribution of 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). Inthese locations, bution’ can be formulated whichis

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 distribution of

distributions, no ‘average vertical distri- radioactive species on the Atoll is that

11-6



 

   

 

Table 216. Enewetak soi] data, southern islands (pCi/g in top 15 cm),

90... 137 A, 2395, 604,

Mean Range 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 90.03 0,01-0.15

Group B
(All others
except

LEROY)* 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
 

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

part of YVONNEwhich lies north of the

1310).

the highest external gamma levels found

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

found over a five-acre site just south of

the CACTUS crater,

of plutonium metal weighing as much as

tower (Sta. This area includes

In addition, pieces

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 species 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,

which contains high concentrations of

10 to 20 cm belowthe surface,

plutonium (3200 pCi/g in one sample).

II-7

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,

153-156.

all of the profile samples lead to the

are shown in Figs. Data from

following observations:

e 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 fewprofile

Sampling locations where plutonium

concentrations exceeded 100 pCi/g

at anv depth. Of the four that did,

two had the high concentration in

Profile

Sampling locations where plutonium

the top 10 cm of soil.

concentrations greater than 100



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

acrossthe island, centered on the visible

Within this band,

plutonium concentrations are greatest on

plutonium soil layer,

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 volumesofsoil,

Radioactivity Levels in Enewetak
Lagoon

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,

82 seawater and seawaterfilters, 21 algae,

plankton, or coral, and 410 fish samples.

Figure 157 shows the major sampling

locations for this marine program.

II-8

Analysis of the sediment and core

samples indicates the presence of 40K
60 90 101 102m 106

Co, Sr, Rh, Rh, Ru,
1275) 13%og 1525) 1545) ate

20735, 235). 2385. 239, 2405, and

241
Am in some, but not necessarily all

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 95. 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 samples, in-
102mpy, 106R 1256) 1525)

U. In only 15 samples from the
80 G6,

cluding
and 235

northern part of the lagoon were

1555), 20755 and 241 am detected.

13765 and 239, 24054 were positively

identified in all samples. Table 217 gives

the mean surface water concentration of

13765 and 239, 2405, 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 90,

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

(0.83 pCi/g), followed in decreasing order

of abundance by ©°Co (0.68 pCi/g),
239, 2405, (9.39 pCi/g), 1° Eu (0.24
pCi/g), 744am (0.23 pCi/g), and !3’cs
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Fig. 148. Activities of selected radionuclides as a function of soil depth,
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10.

d. Recovery of plutonium soil concentrations greater than 400 pel/27>??

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

plutonium at some depth may one day be at the surface. Also,

of
recovery/contaminated soil sufficient to reduce surface

levels to a value well below 40 pCi/g 239,2405 The'

justification is to keep air concentrations of resuspended plutoniun

to levels well within national and international

Standards. After soil removal, all areas should be resurveyed to

ensure no pieces or hot spots of pliutonium remain.

e. The area observed to have pieces of plutonium and the highest

soil concentrations is the interior and shoreline of the island

bepinning at a line drawn from the ocean reef te lascen 60 meters

marth nf the. +™ - on Lf ?
sae PT nae Stee nde Oe

aan ‘ Art cttle isOVDE qaare
wit ee VTAIAN 2 Maren on : —-—- -
hawt Meu CY VMs L i

Plutonium contaminated soil on IRDIO should be handled the sane as

on YVONNE and using the same criteria for removal except at is not

expected that pieces of plutonium metal will be found.

Test plantings of pandanus, breadfruit, coconut, and arrewroot should

be made, as soon as growth can be assured, on each of the islands on

which these plants are to be grown. As edible parts of these plants

become available, their concentration of 90gy 13765, 23952405, and

any other significant radionuclides should be measured and compared wit.

the Radiological Survey predictions. These studies will provide for

a determination. to be made of the earliest time at which planting of

food and commercial crops can be nade.

An underground lens water sampling and analysis program should he

conducted in which samples are taken over @ period of at least 12

moa
n
e
,

w
e
e
’



ll.

13.

calendar months. Bacterial content, salinity, and radionuclide content

should be measured, but primary emphasis 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 ecological

half-life of are and 1376, below the radioactive half-life on the northe

islands, especially JANET.

An airsampling program should be conducted during 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 1370, and

90s, should be made for the Enewetak people prior to return to Eneweta

Atoll, after the first year of residence, and as appropriate there=

after. Resurveys of the environmental radiation and radioactivity

levels should be made starting in the first year ef return and

repeated every other year. To be determined is the adequacy of the dict

and the actual average daily dietary inteke of radioactivity for

various age groups for comearison with estimated levels and how

radioactivity levels in water, air, soil, plants, and animals are

changing with time. (Included should be collection of additional

information on the chemical form and size distribution of “~~ Pu particl-

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

of the radiological status of the people and the environment an2z will

assure that the exposure criteria is not being approached or exceeded,

Considering that the method of disposal of plutonium contaminated soil

and scrap has not yet been decided, that not enough information is

availiable to determine whether it is feasible to remove pluteniun fror.

the soll to reduce the anount of materinl requirins disposel, aud net



14. The

wanting such problems to delay cleanup and rehabililaticn of the

atoll, the Task Group recommends the following:

Be

b.

Co

At a minimum, cleanup should accomplish the recovery of plutoniun

contaiminated soil and scrap into storage on YVONNE,

The YVONNE quarantine should remain in effect with access controlled

and all visitors monitored as for a radiation control zone.

If disposai is deferred for further study, such study should be

planned and conducted promptly.

cleanup phase of rehabitation, 1.2., removal and disposal of

contaminated scrap, debris, and soil, should be carefully documented

in a comprehensive final report from these conducting the cleanup

operation,

OIC
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Fig. 152. Soil-profile locations which were sampled to 150-cm depths, YVONNE.
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g). Comparison of these data

with similar data obtained in 1964 indi-

cates that, in addition to physical decay,
60 13
Co and Cs are being lost from the

Ii-1

lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while

207
Bi appears to be decreasing at approxi-

mately its radioactive decay rate.

8

906).
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Fig. 154, Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g).

with similar data obtained in 1964 indi-

cates that, in addition to physical decay,
137

d80a an

Comparison of these data lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while

2075; appears to be decreasing at approxi-

Cs are being lost from the mately its radioactive decay rate. 905,
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239, 240 155
Pu, Eu, and

reported in 1964,

24 bam were not

Of the more than 700 species of fish at

Enewetak Atoll, the species selected for

this survev were chosen for one or more

(1) They are

commonly eaten by the Marshallese; (2)

of the following reasons:

thev are relatively abundant at most of the

I-19



Sample types

®@ Sediment and cores

# Reef species

d Plankton

& Water
N

    
Southwest Deep
Passage Passage

*e

e

CP
o

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

T]-20
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Fig. 158. Activity levels of 9

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.

for the carnivorous fish is given in

Table 219,

40 95S, and 60

Similar information

Co were the pre-

dominant radioactive nuclides found in all

fish, although ®°zn, 9%sr, 191 RQ, 102mp,
1 3 ?

08m4 125) 137ag been 155eu

207Bi 239, 2405. and 241 an were also

present in some or all samples.

HI-2)

DEEP ENTRANCE

 

 
< 50 mei rem"
Meon=16mcei/Km

  

WIDE PASS

Ocr deposited in the sediments of Enewetak Lagoon.

Table 217. Concentration of Sia and
Pu in comparative, sur-

face water samples.
 

 

Concentration,
Cifliter

Location Slog ese ny

Enewetak Lagoon

SE quadrant 226 9.1

NE quadrant 334 42.6

NW quadrant 579 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

14°N 180°W (1972) 143 0.44

12°N 170°E (1972) 170 0.35

Windscale vicinity (1969) 105,000

Mean surface, Atlantic
O0-31°N (1968) 0.7
 



Table 218. Number of organisms collected at Enewetak Atoll] and Kwajalein Atoll near-
shore sites, October to December 1972,

 

Organism
 

 

 

 

 

 

 

 

 

 

her Other

Collection Convict Parrot- rect sea Invertes  Appros

site Mullet Goatfish surgeon fish fish Tridacna  creumber? brates botal

FEnewetak Ato}
>

GLENN-HENRY ~25 1] ~ 50 2 10 G 4 G 114
Cc

LEROY ~ 50 9 34 3 \ 1 0 ~10 108
Peeseth ~& 4eee FRED 0 ~ 20 50 n 3 2 a

: DAVID 0 25 ~ 50 12 2 4 1 a4

BELLE ~ 50 3 30 1 3 10 0 ny

te be IRENE 2 3 12 0 8 0 0 25

JANET ~ 30 3 ~ 40 1 Q 4 0 ag

TILDA- URSULA ~35 1] ~ 50 2 3 3 3 107
1 -

YVONNE 10 ~15 ~55 10 3 0 3 a 105

Kwajalein Atoll - - ~ 30 ] a 3 41

Approximate Total ~ 220 ~100 ~ 400 41 42 36 13 25 870

4The number given is the number of collections from a given site,

© Pencil urchins,

“Top snails,

Gopins lobster.

Table 219, Number of carnivorous fish collected from the Enewetak and Kwajalein off-
shore lagoon sites, October to December 1972,

Collection Yellowfin Organism
site tuna Skipjack Mackerel Dolphin Snapper Grouper Ulua Total

Enewetak 2 ao 3 2 ts) 8 8 40

Kwajalein 3 1]

apops Total 5 10 3 2 G 10 8 46

aia

Figures 159-161 show the average con- jack collected in Enewetak lagoon are
. ; . . ; . 55

centrations of predominant radionuclides Shown in Fig. 162. In general, Fe level:

found in convict surgeon samples taken in the large pelagic fish were higher than

at each of the collection sites around the levels found in other fish tvpes, while

lagoon. Similar data were obtained from other nuclides were present at levels

the mullet, goatfish, and parrotfish comparable to or lower than those found

samples. in the reef fish.

Average radionuclide content of light Of the samples collected at Kwajalein,
, , 40,-

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

Il-22
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Column legend

300 |- A Fe - eviscerated whole fish _ -j

2 St B Fe ~ viscera Z

O Cc 60¢, - viscera
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Collection site

Fig, 159, Average 40K Ore, BK concentration ipconvict surgeon from Enewetak
KAtoll, October to December, 1972. The value is the mean for all con-

vict surgeon samples,

207
Table 220, Comparison of 8005 and Bi in the viscera of convict surgeon collected

in 1964 and 1972,
 

60 20%
 
 

 

Co in pCi/g, dry 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

LEROY 56 3.4 — 0.06 5.2 3,1 0.59

YVONNE 64 5.2 0.08 - - -

Average 0.11 0.32
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Fig. 160. Average ST os, 135 by, and 2073 concentration in convict surgeon from
Enewetak Atoll, October to December, 1972. The 40% value is the mean for
all convict surgeon samples,

levels (av 15 pCi/g). No 60 Go, 20753, 60K and 20753 data for the two collection

or 135Ey were observed, but he, 137 os, periods. The effective half-life of 2.7 yr

905... and 239, 2405, were found in some for 800, (radioactive decay half-life

or all of the samples, usually at levels

comparable to the lower values found at

Enewetak.

As with the plankton, comparison of

data obtained from this survey with similar

data from samples taken in 1964 indicates

that, for some nuclides at least, there are

processes operating to reduce concentra-

tions in the lagoon faster than is expected

Table 220,

for example, presents a comparison of

from radioactive decay alone,

II-24

5,24 yr) and 5.1 yr for 20 "Bi (radioactive

decay half-life 30 yr) implies an effective

half-life in the ecosystem for both isotopes

of about 5-6 yr.

Of the marine invertebrates present at

Enewetak, tridacna clams, sea cucum-

bers, spiny lobster, and top snails were

collected and analyzed. In the tridacna,

80K was the most abundant radioisotope

found, and it was present in higher

amounts in the kidney than in the viscera,
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Collection site

Fig, 161, Average 90s. and 239, 2405, concentration in convict surgeon from Enewetak
Atoll, October to December,
vict surgeon samples.

Figures 163-165

present the average radionuclide concen-

mantle. or muscle.

trations of these tissues for the Enewetak

locations at which tridacna samples were

taken, — .

Radionuclide distributions for sea

cucumbers, spiny lobsters, and top snails

were Similar to those found for the

tridacna, except that high concentrations

were not observed in the kidney.

1972. The 40K value is the mean for all con-

Radioactivity Levels in Enewetak
Terrestrial Biota
 

The terrestrial biota survey had as its

objective the collection and analvsis of all

available terrestrial vegetation and

animal species which could be used as a

basis for estimating population doses

through dietary pathways, Not all vege-

table and animal components of the

Enewetakese diet are currently available

I-25
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A Light muscle

B Dark muscle

C Liver 2

=

Average 40, concentration
7 (all tissues )

—
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40 ce, 6575 37¢, Bi 90¢,K

Average concentration of seven radionuclides in the light muscle (A), dark
muscle (B), and liver (C) of three skipiack from Enewetak Atoll, October
to December, 1972.
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Fig. 164, Average 404 25 be and 806, concentration in the viscera, mantle, and
muscle of Tridacna clams collected at Enewetak Atoll, October to
December, 1972. The 49K value is the mean of all Tridacna samples.

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

available on every island.

A total of 1103 specimens were col-

lected in the field as part of the terrestrial

biota survey, distributed as follows:

Soils 42

Plants 208

Birds 116

Eggs 217

Rats 249

Crabs 271

Total 1103

The geographical distribution of

Specimen collection sites is shown in

Fig. 166 and the types of edible sample

collected on each island are listed in

Table 221,

30 13
Sr and Tos were observed in

essentially all of the plant, rat, and crab

Samples and in many of the bird and egg
35 60 239,240,

samples, Fe, Co, and

were observed less frequently, and

isotopes such as 207 Bi, 192 bu, and

15lon 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 b
No, Island meat milk fruit leaves* corm Birds eggs crab Rat

1. ALICE x

2, BELLE x x

4, DAISY x x

9, IRENE x x x

10, JANET x x x _ x x x

 

12, LUCY x

14, MARY

15, NANCY

16, OLIVE

17, PEARL

19, SALLY x x x

20, TILDA | x

21, URSULA x

22, VERA

24, YVONNE

29, VAN

30. ALVIN

31, BRUCE x

32, CLYDE. |

33, DAVID x x x x

34, REX

35, ELMER

37, FRED

38, GLENN

39, HENRY

40, IRWIN

41, JAMES x

42, KEITH x x x x oy

43. LEROY x x x x

* a

me
Mm

mM
w
m

O
f

wm

m
M

” ”

 

 

a ae .Pandanus leaves are not eaten but serve as indicators for pandanusfruit,
b 1a. .
Rats are not eaten but serve as indicators for poultry and swine.
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Sample type

* Birds

4 Crabs

© Mammals

* Vegetation

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

on the Atoll, Data for 905, and 137 O5 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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oScaevola
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1.0 _
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Fig. 168. Statistical correlation between
375 in coconut meat and

137Cs in Messerchmidia and

Scaevola.
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and breadfruit) are not growing nowon

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,

137
The correspondence between

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-

ample of the correlations that have been

developed, data for 37a in

Messerschmidia and Scaevola vs los

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 405, in rat bone vs

Messerschmidia /Scaevola 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
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169, Statistical correlation between Sieg in Messerschmidia and Scaevola and

 

Fig, ise '
sin soil.

plants — soil and applied to the plant Radioactivity Levels in Enewetak Air

component of the diet. _

@ Data obtained from the correlation A total of 32 samples of airborne

between rats — indicator plants — Enewetak particulate debris have been

soil and applied to the meat com- analyzed to determine inhalation exposures

ponent of the diet, likely to be encountered by residents of
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Fig. 170. Statistical correlation between
OSr in rat bone and Sr in

Messerschmidia and Scaevola,

the Atoll,

following three types of equipment:

Samples were taken using the

@ Ultra High-Volume Air Sampler

(CU HVS) — Used to sample large

volumes of air in short time inter-

vals. Typical samples were taken

at a rate of 2000 m?/hr for a con-

tinuous 24-hr period.

e Low-Volume Air Sampler (VCS) —
 

Used to sample for extended periods.

Typical samples were taken at a

rate between 8 and 20 m? /hr fora

continuous 7-day period,

e 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 m® /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 um.

 10,000 T I T
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Statistical correlation between

Cs in rat muscle and 187Cg
in Messerschmidia and
Scaevola,.

Fig. 171.

Air samples were taken on FRED,

DAVID, SALLY, JANET, and YVONNE,

which are islands that include the full

range of airborne activity levels likely to

be found on the Atoll.

A numberof radionuclides were de-_

tected in the surface air, including "Be

(53 day), 9k (1.26 x10" yr), “4mn
(303 day), ?°zr (65 day), }°%Ru (39.6

106R, (1.0 yr), 1256), (2.7 yr),

Cs (30 yr), 144Ce (285 day), 7?9Pu
(2.4 x 107 yr), ?38pu (86 yr), and
241 am (458 yr). “Be and 40

naturally occurring activities.
9577 103 Ry 106Ry, 1255) and

are intermediate-life activation and

K are

o4 Mn,

1444,

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
7

since testing ended. Longer-life Cs,
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Comparison of radionuclides in surface air (fCi/m?) on Enewetak,

 

 

Table 222,

Livermore, California, and Balboa, Panama.

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

Nuclide YVONNE Atoll 1972 1972-1973

"Be | < 49-193 < 6-116 90-250 43-143°

54Mn <0.6-2.1 <0. 14-4. 0 - -

9555 <0.4-0,42 0, 03-0.3 0.005-0.4 <0. 9-8. 5

103py 00° 5 545. 5? NDET? 0,29-3.4 -

1253, <0. 27-0. 272 NDET 0. 04-0, 23 -

1062, <0, 9-2.6 <0, 2-1.6 0. 14-2. 9 -

137 Os <0.49-0, 82 <0. 04-2. 5 0.63-3.2 0.09-1.7

144 a6 <2,5-3.7 <0. 22-1.9 0.24-3.1 0.7-11.2

239,240, <0.03-2.6 <0.001-0,025 0.01-0.05 <0.001-0.030

238, <0.04-0.13 <0.0028-0.008 0.001-0.005 <0.001-0.003

24.ay <0, 3-0. 30 NDET NDET NDET

 

“Detected only one sample.

Not detected,

“Oct. -Dec. 1972 range.

238 229 241
Pu, Pu, and

from either local resuspension or from

Am in air could be

worldwide fallout. A comparison of

activitv 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/m* 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

YVONNE, 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.

always greater than 10 knots and often

Wind speeds were aimost

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 vear.

Radioactive Scrap and Buried Debris
 

Holmes and Narver, Inc., as part of

the engineering survey they conducted

II-35
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Table 223. Climatological data for Kwajalein and Enewetak.*

Percentage of total time at each wind-speed interval
 

 

 

 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Av
Wind speed, knots? ,

0-3 1 1 1 0 1 1 6 10 16 9 3 1 (4.2

4-10 15 12 22 20 27 27 49 60 59 63 42 20 34,7

11-21 68 B0 70 75 69 70 44 29 24. 28 53 70 56.7

22-33 15 q 7 3 3 2 0 2 9 4.4

>33 1 0 0 0 0 0 0 0 0 0

Prevailing wind

direction and NE NE NE NE NE NE E/NE E NE NE NE NE ~--

frequency” 86% 87% 81% 77% 67% 64% 36% 31% 27% 33% 55% 74% --
each

Yr. of
Precipitation© 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, 1.95 10,21 7.33 3.86 8.38 7.03 15.35 14.41 13.17 18.07 17.38 9.18 69.86 13
in
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 numberof , .
days, 0.01 in, or 11 10 13 13 16 16 21 21 20 21 21 16 198 10

more,
 

®uL Ss. Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,

Vol. 1, Second Edition (1964), updated to Dec. 5, 1970,

Pwind data for Kwaialein.

Precipitation data for Enewetak.

for DNA,» estimated that there were

approximately 7200 ya" 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 showsthe distribution of this

debris on islands wherethis 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-1348.1
and HN-1348,2 (1973).
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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.37.1.b in

Appendix II) there are several

pieces of Scrap iron with activity

levels above local background,

@ inthe central part of ELMER(the

large 'E" level area of Fig.

B.39.1.b) a partially shielded ~~Co

.S0urce was found in a small storage

60

building.



Table 224, Contaminated metal and concrete Scrap on Enewetak Atoll,
 

Approximate scrap

 

Island quantities Remarks

ALICE 10 ya? Background is up to 170 uR/hr, An M-boat
wreck on beach reads 8 mR/hr,.

BELLE Small Background up to 250 uR/hr.
(<10 yds)

CLARA Small Background up to 100 wR/hr.
(< 10 yas)

DAISY Small Background up to 140 uR/hr.
(<10 yd3)

EDNA None Sandbar

IRENE Mbderate™ Up to 1.2 mr/hr.

JANET 568 ya? 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 ya" Confined to SGZ area, Levels upto 5 mr/hr.

RUBY 196 yd"

SALLY 2106 ya" Scrap-metal activity levels up to 0.12 mr/hr.
Alpha levels on concrete surfaces up to
103 dpm/50 cm?,

TILDA 1 ya?

YVONNE 4064 ya? Activity levels up to 60 mr/hr.

3
Total 7262 yd

 

“Reference does not identify volume.

e In the south-central part of ELMER

(the small "E" level areaof

Fig. B.39.1.b) there appears to be

scrap metal or other radioactive

debris on, or just below, the ground

surface in heavy underbrush.

e On the north-central shore of

GLENN (the 'C" area of Fig.

B.48.1.b) there is a derelict barge

which is contaminated with detect-

able amounts of 207 Bi.

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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tere gtMeecrate

Table 225. Living patterns describing the geographical locations for activities
involved in daily living.

Pattern I

Residence FRED, ELMER, or DAVID

Agriculture ALVIN through KEITH

Fishing Entire Atoll

Pattern ITI

Residence JANET

Agriculture JANET

Fishing Entire Atoll

Pattern V

Residence JANET

Agriculture KATE through WILMA + LEROY

Fishing Entire Atoll

Pattern H

FRED, ELMER, or DAVID

KATE through WILMA + LEROY

Entire Atoll

Pattern IV

BELLE

BELLE

Entire Atol)

Pattern VI

JANET

ALICE through IRENE

Entire Atoll

 

used for PACE drilling operations.

Similarly, the nearby "C'"' level area

proved tobea aor source stored ina

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; l.e.,

Dose = D
external gammaD:ahalation *

D . .
marine food chain

Dre rrestrial 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. In addition,

these assessments assumethat the

Enewetak people wil] 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.

Villagearea Beaches Interior Lagoon Other islands

Men 50 3 15 10 20

Women 60 10 10 0 20

Children 55 10 15 D 15

Infants 85 5 0 0 10

lens water, where available, will not bea samples, inhalation doses to bone, liver,

significant part of the diet. and lung for each of the six living patterns

have been estimated and are shown in

D.shalation Tables 228-230. |

239, 2405, has been found to be the | The 'unmodified'' cases represent

only significant contributor to inhalation calculations based on the 239, 2405, con-

doses on Enewetak Atoll, Airborne tent of the top 2 cm of soil, while the

radioactive species observed during the ''modified'' cases represent calculations

survey, however, were identified as based on the average 239, 2405, content

originating almost entirely from world- of the top 15 cm of soil. The latter

wide fallout or cosmic-ray activity. In condition would obtain if the soils were

order to make a conservative estimate plowed or mixed during the replanting

of inhalation dosages, it has been operations.

assumed that the returning population will

be exposed to air with an average dust D external gamma

loading of 100 ug/m?, with the same Using gamma levels obtained from

239, 2405 content as the local soil, all the aerial survey, estimates of the ex-

0.4 um in diameter and low in solubility. ternal gamma dose associated with each

Using these assumptions and 239, 2405, of the living patterns have been calculated

concentrations obtained from the soil (Table 231), In this table the "unmodified"

Table 226b. Estimated time distribution (in percent) for men, women, children,

Men

Women

Children

Infants

and infants with emphasis on additional time spent on nonresidence

islands. Pattern B.
 

 

Village area Beaches Interior Lagoon Other islands

40 5 20 10 25

50 5 15 5 25

50 5 15 10 20

70 3D 9 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, g/day

Food item At time of return, 10 yr after return

Fish 600 600

Domestic meat 60 . 100

Pandanus fruit 0 200

Breadfruit 0 150

Wild birds. 100 20

Bird eggs 20 10

Arrowroot 0 40

Coconut 100 100

Coconut milk 100 300

Coconut crabs 25 25

Clams 25 25

Garden vegetables 0. 0

Imports 200-1000 200-1000

1030 plus imports 1570 plus imports

; 239,240 . oe .
Table 228. Cumulative rems to organs from Pu via inhalation pathway, bone.

PCIVG EXPOSED
LIVING PATTERN IN SGIL 5S YRS 16 YRS 38 YRS 56 YRS 7@ YRS

I. MODIFIED 8.85 8.8000 @.9008 28,2003 8.8089 8.0018

UNMOD IF IED @.12 @,e088 @.8001 8.8087 @.6822 8.8843

11. MODIFIED 2.88 6.0001 8.0088 @.@122 8.6368 8.8728

UNMODIFIED 4.728 2.8803 8.8028 8.8287 @.8846 0.1692

III, MODIFIED 7.38 8.8884 @.8031 8.8445 @.13514 @.262¢

UNMOD IF IED 17.88 8.aa16 a@.2a71 @. 1837 @.306e @.6120

IV, MODIFIED 15.88 ®.89a9 8.8863 2.8515 @.27a8 0.5486

UNMODIFIED 77.88 8.0846 88,8323 @. 4697 1.3868 2.7ree

V. MODIFIED 7.30 8.8084 8.0831 @.8445 @.1314 @.2628

UNMODIFIED 17.68 6.8811 Q.eaar4 @.1ard @.3168 G.6356

VI. MODIFIED 9.58 Q.ana6 e.anae @.ea5rs B.1710 0.3420

UNMODIFIED 14.78 e.eears @.eaae2 @,oga7 0, 2846 N, 5232
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239,240
Table 229. Cumulative rems to organs from Pu via inhalation pathway, liver.

 

 

 

PCI-G EMPOSED
LIVING PATTERN IN SOIL S YRS 18 4F= ZH YRS SO vrs 7O YRS

1. MODIFIED ABS 0.6888 4.8806 A. ARGS H.@G05 8.@aas

UNMODIFIED A.12 A,goee a. ea06 .a0e4 G01) A. O028

II. MODIFIED 2.00 a.aae) 8. 0ne5 0.8066 A. 186 A, O340

UNMODIFIED 4.78 8. ABs A.Po1t @.@155 &,@4a7 G.0735

[17¥, MOPIFIED 7.38 0.8883 A,BALS A. A241 O.8ers A.124

UNMODIFIED 17.88 Ah, A687 aed A561 O.1561 A. SE

Iv. MODIFIED 15.88 0.8866 A.a0s6 A, O45 Bm. peas a. 2550

UNMODIFIED 77.08 8.an2 a.01e5 a.2541 Go. 7161 1.2050

¥. MODIFIED 7.38 4.8003 A.13 ®.8241 6, G879 Ely zett

UNMOPIF IED 17.60 A. BReT Oo. BH42 6.0551 7. 1687 ©. 2052

VI. MODIFIED 9.50 A,Aaod a.a025 A.OS15 o.0887 S.1sis

UNMODIFIED 14.78 A. BABE 9. Haze A, A4As5 O.LEET a, 2495

case represents the current conditions; I = food intake, g/day,

‘village graveled'' showstheeffect of fnan fraction of nuclide ingested

placing a 5-cm gravel layerin the village reaching the organ of

area; and " plowed" indicates reference,

the effect of thoroughly mixing the top C = concentration of nuclide in

30 cm of soil in the specified area. food product, pCi/g, (i.e.,

fish, shellfish, coconut, land

Dnarine food chain crab, etc.),

Doses via the marine and terrestrial M = mass of the organ of refer-

food chains were estimated using the ence, (g),

following differential equation to describe
; ; and

the intake and retention by man:

A = effective elimination rate of
man -1

dCinan Tfmanc x 3 nuclide from man, (day ~).

dt ™M - Aman “man (3)
= . , +X . .

(Anan biological radioactive’
where

Conan = concentration of nuclide in The concentration C in the food products

man, pCi/g is calculated assuming that the nuclide
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Table 230. Cumulative rems to organs from

POI-G

LISTS FaTTEPN IN SOIL 5 YRS

1, MODIFIED 8.085 B.ARae

WHMOOTEIED M.12 A.Aaat

Il. MODIFIED 2,90 a.aai7

WHMODIF IED 4,78 8.a94a

lil. MODIFIED 7,30 A.nA62

UNMODIFIED 17.Aa 8.0146

IV. MODIFIED 15.90 A.a129

UNMODIFIED 77.08 8.8662

VY. MODIFIED 7.38 9.8863

UNMODIFIED 17.68 @.0151

VI. MODIFIED 9.58 a.aee2

UNMODIFIED 14.78 8.8126

239,240), via inhalation pathway, lung.

EXPOSED
18 VRS 38 YRS 5@ YRS 78 YRS

6.6681 @.eaae4 &. BABE 8.9809

8.@0B: 8.6005 8. @B16 @.0022

8, @644 8.8152 6.4268 0.6368

8.0103 8.0357 8.8611 8. @846

a.aiés @.8555 8.a9439 @.1314

Aa.8374 A.1292 &.2218 8.3060

8.8330 8.1146 @.i9sa 8.2708

@.1634 8.5852 1.0818 1.3868

8.8161 a.e5s5 8.ea949 8.1314

8.08387 8.1338 8.2288 0.3168

@.a2as @.8722 8.1235 @.1718

8.8323 8.1117 0.1911 6.2646

 

‘disappears only by radioactive decay,

i,e., that no other processes are in

operation which reducethe nuclide avail-

ability in the food chain. Therefore

= -ArtC= Coe

tion observed at the time of the survey

» where Ca is the concentra-

and a. is the radioactive decay constant.

The concentration in man at any time t

after initial consumption of the food is:

I fan Co

Cman “MT ~r_)
man r

“At ~Anan t

x (c -e ), pCi/g. (4)

The dose at any time t after initial con-

sumption is

. t

Dose (rem) = Kef Cnan dt

0

toy
- xe man ~o

0 man or

“At -r t

x (e ~e man at, (5)

where K is a conversion constant from

pCi/g to rem and equals 5,1 X 107°

eeeand E is the dis-
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.,

II-42



 

KE I fnan Cy

Dose =MK
man r

2 aft . _man]
x - ,», rem, (6)

AY Aman |

Table 232 lists the fo. (FMAN),

\ radioactive (UR). Aman (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

Table 231.

statistically significant differences for

dose estimation purposes between samples

taken in different parts of the lagoon,

The radionuclide concentration, Cy 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

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°

I Village: FRED/ELMER/DAVID

Visits to ALICE-WILMA

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)

ill Village: JANET

No visits to other islands

Time distribution: Table 137 with other

islands" timespent in interior of JANET

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)
 

II-43



Table 231 (continued).

Vv Village: JANET

Visits to KATE-WILMA

Time distribution: Table 137

Unmodified 0.71 1,28 2.94 5. 06

1, Village graveled (0.59) (1.07) (2.48) (4. 36)

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

IRATE 3. Plus KATE-WiLMAplowed (0,29) (0,54) (1.36) (2.71)
 

Gamma dose, rad
 

Time interval, yr
 

Case Living pattern 5 10 30 70

VI Village: JANET

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) (3.05) (5.09)

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 0.76 1,37 3.12 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

hice 1, Village graveled (0,48) (0,88) (2.14) (3.90)

Tae 2. Plus JANET plowed (0,25) (0.48) (1,26) (2.56)
 

Mean population dose

(Average of Cases I, IJ, III, V, and VI)

Unmodified 0.66 1.20 2,74 4.75

1. Village graveled (0.5%) (1,07) (2,46) (4.33)

2. Plus JANET plowed (0,41) (0.74) (1.75) (3,25)

3. Plus All Northern islands plowed (0.29) (0,54) (1.36) (2.70)
 

Sea level, U.S.A,

(80 mrad/yr) Typical 0,40 a
n ~ 60© > Ww 40
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Table 232,

The effective biological half-time LMan and the fraction of
The disintegration energy E and the radioactive half-life LR are listed for each
radionuclide.
ingested isotope reaching the organ of reference FMan are listed for three
receptor organs, bone,
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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 AVERAGE STANDARD RANGE PCI/GRAM AVERAGE LOGNORMAL
NUCLIDE TISSUE SAMPLES PCI“GRAM* «=©=«-DEVIATION HIGH LOW PCIYGRAMK*k MEDIAN PCI/GRAM

81893 MUSCLE 3 3,955E-Al 1.517E-81 7.189E-01 1.845E-@1 3.955E-@1 3.712E-01
19848 MUSCLE 116 1.199E+81 S.2776+00 2.697E+81 2,982E+00 1.1836+01 1.A75E+O1
26055 MUSCLE 123 L.S74E+81 4,198E481 3.833492 1.577E-A1 1.566E+01 5.A63E+A0
27060 MUSCLE 128 2.BOSEHDD  9S5.37FTEt8O 3. 827E481 4 6RE-G2 1.958E4ND S974E-AI
28999 MUSELE 125 1.562E-91 2. 460E-01 1.541E+68 1.851E-@3 1.177E-81 6.383E-A2
44196 MUSCLE a2 S.Q85E-91 4,558E-A1 2,237E+0Q S3.Q17E-G1 a, 7.958E-81
45192  TISCLE 128 9.044E-92 G6.6N1E-A2 3,7279E-81 1.8@5E-G2 A, 7. 1656-62
4211Z MUSCLE 1 2.635E-81 4, 2.625E-81 2.635€-AL 2.635E-M1 2.6358-81
51125 MUSCLE 128 2.449E-81  2.581E-91 2,.096E498 7.734E-02 3.91ME-€2 1.97M6-01
55137 MUSCLE 128 3,Q97E-G1 7.940E-91 6.779E+08 2.636E-A2 3.492E-Al 1.955E-91
56133 MUSCLE 1A4 1.431€-81 1.2Q5E-91 7,.631E-B1 2.4456-02 1.598E-a2 1.0045-81
58144 MUSCLE 4 2.922E-N1 1.269E-A2 2,975E-81 7.699E-01 2, 2.82f5-91
63152 MUSCLE 128 7.826E-92 S.899E-82 3.415E-A1 Z2.r7SE-92 a, 6. 3298-82
63155 MUSCLE 128 L.197E-31 97.631E-92 9-5. 212E-A1 =B.O27E-92 0L.ALIE-9200 9, 2425-02
B32A7 MUSCLE 128 2.499E+00 2.233E401 2.527E+92 1.965E-82 2.3726490 91. 3S0E-%11
92225 MUSCLE 122 ?,9326-82 4.7 23E-9200 -2.547E-G1 02.27 lE-A2 8. 6,.553E-82
94998 PLISCLE 123 2.47°E-B1 2.BO3E+0 2. SRSE+ML 4, 9285-04 24-0 1.257=-92
94238 MUSCLE 64 1EBE3S  -2iPSE 3200 oP 14ne-at L.8Q2E-93 S,2410-95 7.6755-2
95241 MUSCLE 128 L.144E-01 0B. A62E-UE BLBABE-91 2. 252E-020 2.77 1E-9R 8. 2852-92
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*AVERASE IF NON-DETECTED. CONCENTRATION SET EQUAL TO DETECTION LIMIT) PCI/GRAM
“AVERAGE CIF NON-DETECTED, CONCENTPATION SET FOUM. TO ZERO) PCI/GRAM



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

Concentration, pCi/g dry weight
 

 

Nuclide Sample No, of Samples Average High Low

13765 All fish? 128 0, 39 6.8 0, 026
600, All fish? 128 2,0 38 0, 041
0c, All fish? 125 0, 16 1.5 0. 0010
905. Eviscerated 74 0, 21 7o- “<7

whole fish

905. Fish muscle 51 0.075 --- “--

only

 

4All fish includes eviscerated whole fish and those fish where muscle was

separated from bone and only the muscle

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 bonefor 5,

10, 30 and 70 yr. The major contribution

to the whole-body dose comes from 1ST a.

and 60 Go, while the bone dose comes

from 906. as well as from 13765 and

80 Go, 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. |

Die rrestrial 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

I[-47

was analyzed,

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



Table 235, Integral dose® for 5, 10, 30, and 70 yr from the marine food chain.
 

Integral dose, rem?
 

  

 

 

5 yr 10 yr 30 yr 70 yr

Nuclide W,. B, Bone W. iB, Bone W. 2B. Bone W.B. Bone

13765 -0, 0061 («0.0061 0.012 0.012 0.030 0,030 0,049 0.049

60,5 0.0078 0.0078 0.012 0,012 0.017 0.017 0.017 0,017

905, --- 0,138 --- 0,31 --- 0,77 -- 1.3

Sum 0.014 0,14 0,024 0,33 0.047 0.82 0,066 1.4

All
nuclides 0,016 0,14 0.028 0.34 0.053 0.84 0,089 1.6
 

“The 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

p Six living patterns,
The 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.
Isotopes included in the "All nuclides" calculation:

34 B00, 1025,

14, 90. 113 ag

55b6 106,., 125q

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 January1,

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 shownin

Table 239 have been calculated. The

5+ and 10-yr dosares particularly relate

to the situation during the initial few

years following return,
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13% 6, 152. 235,-

1335, 155, 2385,

144, 207 R, 2395.

241,

In computing the bone dose, the whole-

body dose from 137

bone seekers has been added to the bone

dose from 90 239, 2405), The

whole-body dose has been computed as the

Cs and the other non-

Sr and

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-

dicted for whole body and for bone for

the six living patterns are listed in

Table 241.

tributions from each pathway and, for

This table includes the con-



Table 236, Rate of ingestion of radionuclides from terrestrial foods assuming diet

at time of return (Jan. 1, 1974).

Ingestion rate, pCi/day

 

Food item 3H 5°Fe 606, 90s, 3%, 239,240,

A, Island group ALICE-IRENE

Pork and chicken 185 3100

Wild birds 984 6,21 1.21 <2.4 0.143

Bird eggs 69 <0.29 0.45 <0.24 0.0074

Total 1050 6.35 187 3100 0.150

B. Island group BELLF ©

Pork and chicken 302 6960

Total 302 6960

C. Island group JANET

Pork and chicken 108 2320

Wild birds | 1800 7.70 0.29 2.5 0.100

Bird eggs 171 <0. 39 0.97 0.6 0.074

Total 1970 7.89 109 2320 0.174

D. Island group KATE-WILMA, LEROY

Pork and chicken 47.4 858

Wild birds 1800 7.70 0,29 2.50 0.100

Bird eggs 113 <0. 28 0,02 <0.25 0.077

Coconut crabs 0.480 1.03 1.96 7.59 0.0035

Total 0.480 1900 8.87 49,7 868 0.180

E. Island group ALVIN-KEITH

Pork and chicken 6.18 50.9

Wild birds 1700 6.41 0.37 2.55 0.704

Bird eggs 131. <0.35 0.02 <0.35 0.003

Coconut 29.3 <23 <2.9 3.35 68.7 <0,259

Coconut milk 14,9 <11 <1.42 0.17 3.44 <0,129

Coconut crabs 2,91 4,23 2,58 9,31 0,023

Total 47.1 1850 13.7 12.7 135 0.99

 

TI-49



0S
-I
I

  

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

 

January 1, 1974

Ingestion rate, pCi/day

January 1, 1982

 

Faod item 3 5D6 606, 10g, 137 A, 239, 240,,, Bay 556 60, 90... 1376, 239,240),

A. [stand group ALICE-IRENE

Domestic meat 308 5170

Pandanus fruit 941 8840

Breadfruit 807 7970

Wild birds 197 1.24 0.242 <0.5 0.0286

Bird eggs 34.5 <0.14 0.226 <O.1 00,0037

Arrowroot 47 71

Coconut meat 23.7 664 <16.3 135 2210 18,1
Coconut milk 35.6 <37 <B.5 20 331 <1.7

Total 231 1.31 308 5170 0.0323 59.3 683 12,4 1950 18000 19

B. Island group RBEILLE

Domestic meat 504 11600

Pandanus fruit 1.34 <1.46 1540 19800 <9.5

Breadfruit 1.15 <1,25 1320 17000 <BL1

Arrowroot 77 159

Coconut meat 221 4960

Coconut milk 33 743

Total 504 11600 2,90 1.35 3180 42700 8.8

CC, Island group JANET

Domestic meat 180 3870

Pandanus fruit 7.12 <1,25 550 6610 0.082

Breadfruit 6.10 <1.07 471 5560 0.071

Wild birds 360 1,54 0,058 0.50 0,020

Bird eggs 85.5 70.19 0.482 0.29 0.037

Arrowroot 28 53

Coconut meat <1.85 79 1650

Coconut milk <2, 54 <2,27 12 248 <1.31

Total 445 1.64 181 3870 0. 057 14,5 3.22 1140 14100 0,81
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Table 237 (Continued).

 

Ingestion rate, pCi/day

January 1, 1974 January 1, 1982

 

Pood jtem yy 19 Ee 606, 9060. 137 A. 239,240 35 55 Be 6065 90, 137 235, 24055,

D. Island group KATE-WILMA + LEROY

Domestic meat 79 $430

Pandanus fruit 3.94 <13.8 241 2480 0.316

Breadfruit 3,38 <11.8 207 2120 0,271

Wild birds 360 1. 54 0.058 0.50 0,020

Bird eggs a6 <0, 14 0,01 <0.12 0,039

Arrowroot 12 20

Coconut meat 19,0 204 <1.05 34,7 619 <B.64

Coconut milk 28.5 <6.44 <2, 27 5.2 93 <0. 38

Coconut crabs 0.480 1.03 1.96 7.59 0.003

Total 0.480 416 2.59 81 1440 0.062 47.5 215 14.4 500 5330 5.0

E. Island group AILVIN-KEITH

Domestic meat 10.3 84,9

Pandanus fruit 1,33 <0.65 9,44 85.4 0,156

Breadfruit t,1i4 <0. 56 8.09 73.2 0.134

Wild birds 340 1, 28 0.073 0.51 0,141

Bird eggs 65 <0,17 0.009 <0.17 0.002

Arrowroot Not available 0.47 0,68

Coconut meat 29.3 <23 <2,9 3.35 68.7 <0,259

Coconut milk 44.6 <33 <4,2 0.50 10.3 <0. 386

Coconut crabs 2.91 4,23 2. 58 9,3 0,023

Total 76.8 433 9,17 16.8 174 0.488 2,48 0.60 18.0 159 0,290
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Table 238, Integrated dose per unit rate of ingestion to whole body and bone.

Das rem/pCi/day

Period of integration

Nuclide Organ 2yr 9 yr 10 yr 22 yr 30 yr 62 yr 70 yr

3H Whole body 4.51(-8) —-1,05(-7) 1, 85(-7) 3.05(-7) 3.51(-7) 4.17(-7) 4, 23(-7)

be Whole body 7, 50(-8) 2.35(-7) 3,73(-7) 4, 29(-7)4.32(-7) 4. 32(-7) 4, 32(-7)

60G9 Whole body 1, 27(-5) 2.96(-5)  4.65(-5) 6.09(-5)  6.33(-5)  6.46(-5) 6.46(-5)

05, Bone 2. 87(-3) 1,08(-2) 2,39(-2) 4, 99(-2) -6.33(-2) 9. 70(-2) 1.02(-1)

1ST5 Whole body —-3.49(-5) 9.62(-5) 1. 89(-4) 3.74(-4) 4, 71(-4) 7, 22(-4) 7, 61-4)

239,240 Bone 1.51(-6) 9. 39(-6) -3,.71(-5) sa 75(-4) 319-4). 27(-3)—s.. 59-3)

“The number within parentheses denotes the power of 10. Thus, 4. 51(-8) is a contraction of 4,51 X 19078 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 2,7(-6)

°°Fe 2, 5(-4)* 4,4(-4)

69C6 1,.9(-4) 4, 5(-4)

90sr 2.02 10,1

maker 0. 298 1,25

239, 2405, 1.4(-6) 3. 4(-5)
Subtotal 0, 298 2.02 | 1.25 10.1

Total 5-yr whole-body dose 0,30 rem Total 10-yr whole-body dose 1.25 rem

Total 5-yr bone dose 2,32 rem Total 10-yr bone dose 11,3 rem

B. Island group BELLE

55re 1.9(-7)

695 1.7(-5)

90sr 3,26 16.3

13ST as 0.669 2,81

239, 2405, 1, 3(-5)
Subtotal 0.67 3.26 - 2,81 16,3

Total 5-yr whole-body dose 0.67 rem 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
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Table 239 (Continued).
 

o-yr dose, rem 10-yr dose, rem

 

Isotope Whole body Bone Whole body Bone

C. Island group JANET

9Fe 4.6(-4) 7,4(-4)

60 2. 3(-4) 4, 1(-4)

995, 1.18 5.88

13765 0.223 0.831

239, 2405, 1.6(-6) 7.6(-6)
Subtotal 0. 224 1.18 0.932 5. 88

Total 5-yr whole-body dose 0,22 rem Total 10-yr whole-body dose 0,93 rem

Total 5-yr bone dose 1,40 rem Total 10-yr bone dose 6,82 rem

D. Island group KATE-WILMA + LEROY .

3H 5. 0(-8) 2. 2(-6)

DORe 4. 5(-4) 7. 3(-4)

696 2.6(-4) 6. 0(-4)

9ge 0.536 2.62

13a 0.0835 0.350

239, 2405, 1. 7(-6) 1,4(-5)
Subtotal 0.0842 0.536 0.351 2.62

Total 5-yr whole-body dose 0.084 rem

Total 5-yr bone dose 0,620 rem

Total 10-yr whole-body dose 0.351 rem

Total 10-yr bone dose 2.97 rem
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Table 239 (Continued)

 

 

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

E. Island group ALVIN-KEITH

3H 4. 9(-6) 8.7(-6)

Fe 4. 4(-4) 6.9(-4)

0G 4, 1(-4) 6. 5(-4)

90sp 0.137 0.355

137 Os 0.0130 0.0311

239, 2405, 9. 3(-6) 0.0324 3, 7(-5)
Subtotal 0.0138 0.137 | 0.0324 0.303

Total 5-yr whole-body dose 0,014 rem Total 10-yr whole-body dose 0,032 rem

Total 5-yr bone dose 0,151 rem Total 10-yr bone dose 0,387 rem

 

4
*“The number within parentheses denotes the power of 10. Thus, 2.5(-4) is a contraction of 2.5 X10



Table 240. Prediction of the dosage from ingestion of terrestrial foods assuming 10-yr post-return diet.

 
Ingestion rate,

pCi/day 30-yrdose,rem 70-yrdose,rem
Ingestion rate,

pCi/day
22-yr dose, rem. 2-yrdose,rem

 

Isotope January 1, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone

A. Island group

ALICE-IRENE

3H 59.3 1. 8(-5) 2, 5(-5)

> re 231 1, 0(-4)9 1,0(-4) 683 0. 0003 0.0003

60 Og 1.31 8. 3(-5) 8. 5(-5) 12.4 0.0008 0, 0008

805, 308 19,5 31.5 1950 97.3 190

1ST Os 5170 2.44 3.93 19, 000 711 13,7

239, 2405, 0.0323 1, 0(-5) 5.1(-5) 19 0.003 0.024
Subtotal 2,44 19.5 3,93 31.5 7.11 97.3 13.7 190

Total 30-yr whole-body dose 9,55 rem Total 70-yr whole-body dose 17.7 rem

4 Total 30-yr bone dose 126 rem Total 70-yr bone dose 239 rem
hel

'
a B. Island group

BELLE

Re 2,50 1, 1(-6) 1, 1(-6)

605 1.35 8, 2(-5) 8.7(-5)

%05- 304 31.9 51.4 3180 159 309

137. 11,600 5.46 8.83 42,700 16.0 30.8

23%, 2405, 8.8 1.5(-3) 1, 1-2)
Subtotal 5.46 31.9 8.83 51.4 16.0 159 30.8 309

Total 30-yr whole-body dose 21.4 rem Total 70-yr whole-body dose 39.6 rem

Total 30-yr bone dose 212 rem Total 70-yr bone dose 400 rem
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Table 240 (Continued).
 

Ingestion rate,
pCi/day 3Q-yrdose,rem 70-yr dose, rem

Ingestion rate,

pCi/day _22-yrdose, rem 62-yrdose,rem

 
Isotope January |, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone

Cc. Island group

JANET

>Be 445 1.9(-4) 1. 9(-4) 14.5 6. 2(-6) 6. 2(-6)

605 1.44 1. 0(-4) 1, 1(-4) 3. 22 2. 0(-4) 2.1(-4)

0c. 181 11.4 18.4 1140 56.9 lil

37 Og 3870 1.82 2.95 14, 100 5. 28 10.2

230, 240), 0.057 1, 8(-5) 9, 1(-5) 0. 808 1,4(-4) 1. 0-3)
Subtotal 1.82 11.4 2,95 18.4 5. 28 56.9 10.2 111

Total 30-yr whole-body dose 7.10 rem Total 70-yr whole-body dose 13.1 rem

Total 30-yr bone dose 75.4 rem Total. 70-yr bone dose 142 rem

4
bn D. Istand group

“ KATE-WILMA + LEROY

35 0.480 2(-7) 2,0(-7) 47,5 1. 5(-5) 2,0(-5)

Fe 416 1, 8(-4) 1,.8(-4) 215 9, 2(-5) 9. 3(-5)

60C6 2.59 1.6(-4) 1, 7(-4) 14.4 8. 8(-4) 9. 3(-4)

sy 81.0 5.13 8. 26 500 24.9 48.5

WTog 1440 0.677 1,09 5330 1.99 3.85
a:

239, 2405,, 0.062 2. 0(-5) 9, 8(-5) 4,96 8. 7(-4) 6. 3-3)
Subtotal 0.677 5, 13 1.09 8.26 1.99 24,9 3.85 48.5

Total 30-yr whole-body dose 2.67 rem Total 70-yr whole-body dose 4,94 rem

Total 30-yr bone dose 32,7 rem Total 70-yr bone dose 61.7 rem
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Table 240 (Continued).

Ingestion rate,

pCi/day 30-yrdose, rem70-yr dose, rem
Ingestion rate,

pCi/day 22-yr dose, rem 62-yr dose, rem

 

Isotope January 1, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone

E. Island group

ALVIN-KEITH

By 76.8 1, 3(-5) 3. 3(-5)

996 433 1, 9-4) 1.9(-4) 2.48 1. 1-6) 1. 1(-6)

60-5 9,17 5, B(-4) 5, 9(-4) 0.60 3. 7(-5) 3, 9(-5)

055 16.8 1,07 1.72 18.0 0,898 1.75

137 5 174 0. 0819 0. 132 159 0, 0596 0.115

239,240), 0.49 1,6(-4) 7. 8(-4) 0. 290 1, B(-4) 1. 3-3)
Subtotal 0, 0826 1,07 0,133 1.72 0.0596 0.898 0,115 1.75

Total 30-yr whole-body dose 0.142 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

 

“The number within parentheses denotes the power of 10; thus, 1.0(-4) is a contraction of 1.0 x 10°
4

*



The 30-yr integral dose for the six living patterns assuming unmodified conditions,

 

 

 

 

 

Table 241,

30-yr integral dose, rem

Unmodified conditions

Inhalation External Terrestrial” Marine? Total
a

Living Bone,

pattern Bone Lung Liver W.B. W.B. Bone W.B. Bone W.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

Ill 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

Vv 0.11 0.13 0.058 2.9 2.7 33. 0.053 0. 84 5.7 37

H VI 0.090 0O.11 0.049 4.4 9.6 130 0.053 0. 84 14 135

on
<2]

Living pattern Village island Agriculture Visitation
 

I

I

iil

IV

V

VI

Enewetak~ Parry

Enewetak- Parry

JANET

BELLE

JANET

JANET

ALVIN-KEITH

KATE-WILMA + LEROY

JANET

BELLE

KATE-WILMA + LEROY

ALICE-IRENE

southern Is,

Northern Is.

Northern Is,

NorthernIs,

NorthernIs.

Northern Is,
 

Taken from the chapter on external dose estimates, Table 22.
Based upon diet 10 yr after return, as described in the dietary and living patterns chapter.



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. 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 III, V, and VI) lead to signifi-

cantly higher doses than if the village and

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 905, uptake via

‘As indicated earlier, these dose cal-
culations assume that the Enewetak peo-
ple will continue their current practice of
using catchment 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-
age concentrations of 130 pCi/liter for
90Sr, and 400 pCi/liter for 15%cs, 239py
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 resulting 30-yr
doses would be 0.83 rem due to 9 Sr,

0.019 rem due to 137%Csg, and 0.00082 rem
due to 239py,

II-60

pandanus fruit and breadfruit, For living

pattern III, 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-yrintegral

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 III 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 III relative to the

average United States external background

doseover 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.



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 CACTUScrater. 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.

Giventhese 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

m? 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 m_ of

material.

Table 242. Relative contributions of terrestrial foods to the integral dose assuming

diet at time of return,
 

Percentage of total 10-yr
 

Percentage of total 5-yr

 

Food item 806, dose 13'Cs dose 905, dose 13% 65 dose
to bone whole body to bone whole body

A. Island group ALICE-IRENE

Domestic meat 98.9 100 43.9 46.9

Pandanus fruit 26. 8 24.7

Breadfruit 23.1 21,1

Wild birds 0.65 <0. 08 0. 29 0. 04

Bird eggs 0, 24 <0. 008 0.11 0. 004

Arrowroot 1.3 0. 20

Coconut meat 3.9 6.2

Coconut milk 0. 57 0. 93

B. Island group BELLE

Domestic meat 100 100 44,2 47.1

Pandanus fruit 27.0 24.6

Breadfruit 23.2 21.1

Arrowroot 1. 4 0. 20

Coconut meat .9 .2

Coconut milk 0.58 0. 92

II-6]



Table 242 (continued)

Percentage of total S-yr Percentage of total 10-vr

Food item 905, dose *8%cs dose 72sr dose 3 "Cs dose
to bone whole body to bone whole body

C. Island group JANET

Domestic meat 99,1 100 43.9 47.0

Pandanus fruit °26. 9 24.8

ee Breadfruit 22.9 20.8

| Wild birds 0. 27 0.11 0. 12 0. 05
Bird eggs 0. 89 0. 03 0. 39 0. Ol

Arrowroot 1.4 0. 20

Coconut meat 3.9 6.2

Coconut milk 0.59 0. 93

D. Island group KATE-WILMA + LEROY

Domestic meat 95.4 98.8 43.1 46.3

Pandanus fruit 26. 4 24.7

Breadfruit 22.7 21,1

Wild birds 0.58 0.29 0. 26 0. 14

Bird eggs 0. 04 <0. 03 0. 02 0. 01

Arrowroot 1.3 0, 20

Coconut meat 3.8 6,2

Coconut milk 0. 57 0. 93

Coconut crabs 3.9 0. 87 2.4 0. 41

E. Island group ALVIN-KEITH

Domestic meat 48.7 37.7 41.7 30.9

Pandanus fruit 7.6 9.6

Breadfruit 6.5 8.2

Wild birds 2.9 1.9 a 5 1.5

Bird eggs 0.2 <Q. 26 Q. 13 0.21
— Arrowroot 0. 38 0. 05
™ Coconut meat 26.4 50.9 22.6 41.8

Coconut milk 1.4 2.5 1.1 2.1

Coconut crabs 20. 3 6.9 17.4 3. 6

 

11-62
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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
90

Commencement date

Sr dose to

bone

137
Cs dose to

Whole body

Commencement date

90
Percentage of total 70-yr dose

Sr dose to

bone

Commencement date

137
Cs dose to

whole body

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 ALICE-IRENE

Domestic meat 16.7 25.5 14,2 22.3

Pandanusfruit 40.2 34,7 41,4 36,2

Breadfruit 34.5 29.6 35.5 31.0

Wild birds 0.01 <0, 002 0.01 <0, 002

Bird eggs 0.01 <0.0005 0.01 <0, 004

Arrowroot 2.0 0.28 0, 29

Coconut meat 5.8 8.7 : 9.1

Coconut milk 0,85 1.3 . 88 1.4

Subtotal 17 83 26 74 14 86 22 78

B. Island group BELLE

Domestic meat 16.7 25.4 14.3 22.3

Pandanus fruit 40.2 34.5 41.5 36.1

Breadfruit 34.5 29.6 35.6 31.0

Arrowroot 2.0 0,27 2.1 0,29

Coconut meat 5.8 8.7 6.0 9.0

Coconut milk _0, 1.3 0.89 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
 

 

 

 

 

  

 

    

 

 

 

 

 

 

 

905, dose to 1375 dose to 905, dose to 1370, 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 25.7 14,2 22.6

Pandanus fruit 39.6 34.8 41.2 36.6

Breadfruit 34.4 29,3 35.3 30.7

Wild birds 0,005 0.003 0.005 0.003

Bird eggs 0.05 0.002 0, 04 0,002

Arrowroot 2,0 0. 28 0, 29

Coconut meat 5,8 8.7 9.1

Coconut milk 0.88 1.3 90 1,4

Subtotal 17 83 26 74 14 86 23 77

). Island group KATE-WILMA 3; LEROY

Domestic meat 16.6 25, 2 14,2 22.0

Pandanus fruit 39.8 34.8 41.2 36. 2

Breadfruit 34,2 29,7 35.4 30.9

Wild birds 0.01 0, 009 0.01 0,008

Rird eggs 0,002 0.003 0,002 0.002

Arrowroot 2.0 0.28 2.0 0.29

Coconut meat 5.7 8.7 5.9 9,0

Coconut milk 0. 86 1.3 0,89 1.4

Coconut crabs 9.41 0.13 0.35 0,12

Subtotal 17 83 25 79 15 85 22 78
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Table 243 (Continued).
 

 

 

 

Percentage of total 30-yr dose Percentage of total 70-yr dose

105, dose to 1ST A. dose to 905, dose to 1ST og 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

E. Island group ALVIN-KEITH

Domestic meat 33.3 28,3 30,3 26,2

Pandanus fruit 24.1 22.5 26.5 29.0

Breadfruit 20.6 19,4 22.7 21.4 ©

Wild birds 0, 24 0.17 0,22 0.16

Bird eggs _ 0.03 0.06 0,03 0.05
Arrowroot 1.2 0,138 1.3 0.20

Coconut meat 10.8 22.9 9,9 al.

Coconut milk 1.5

Coconut crabs 7.6

     

   

Subtotal 54 46 58 42 50 90 54 46

 



 

 

  

 

Table 244, The 5-, 10-, 30-, and 70-yr doses for the six living patterns assuming
unmodified conditions,

Total integral dose, rem
Unmodified conditions

Living dyer 10 yr 30 yr 70 yr
pattern W. Is. Bone WwW. 2B, Bone WwW. OB. Bone W.B. Bone

J 0. 17 0.58 0.35 1,4 1.0 3.8 2.3 8.5

II 0. 48 1.3 t. 1 4.3 4.4 39 8.0 68

iil 1.2 2.6 2.7 9,2 li 80 20 150

IV 3,4 6.9 7.6 20 31 220 56 420

V 0. 81 1.6 1.7 4,9 a. 7 37 10 71

VI 1.5 3.8 3.3 14 14 135 25 250
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Table 245, The 30-yr integral dose for the six living patterns assuming modified conditions,

30-yr integral dose, rem
Modified conditions
 

 

 

Inhalation External Terrestrial Marine Total

Living

pattern Bone Lung Liver Bone, W.B. W.B. Bone W.B. Bone W.B. Bone

[ 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0,053 0.84 1,0 3.8

1] 0,012 0.015 6. 6(-3) 1.1 2.7 33 0.053 0, 84 3.9 35

HI 0.045 0.056 0,024 © 1.7 7.1 75 0,053 0. 84 8.9 78

IV’ 0.092 O11 0,050 3.3 21 210 0.053 0, 84 24 215

Vv 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

 

“Modified by graveling the village area and by plowing the village island.
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Table 246. The 5-, 10-, 30-, and 70-yr doses for the six living patterns assuming

modified conditions,

Total integral dose, rem
Modified conditions

 

 

Living S yr” 10 yr 30 yr 70 yr

pattern W.B, Bone W. 1. Bone W.B.Bone W.B.Bone

I 0.17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

I 0G. 48 1.3 1.1 4,3 3.9 35 8.0 68

Il 0.60 2.1 1.7 8.2 8.9 78 16 150

IV 1.5 9. 0 4.3 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
 

“Modified by gravelling the village area and plowing the village island.

Table 247. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the

southern islands,
 

30-yr integral dose, rem
Ls tye a . .

Modified conditions” and pandanus, breadfruit, coconut, and tacca grown on southern islands

 

 

 

Inhalation Pixternal Terrestrial® Marine Total

Living Bone,
pattern Bone Lung Liver W.B. W.B. Bone W.B. Bone W.B. Bone

I 3(-4) 4(-4) 2(-4) 0.83 0,14 © 2.1 0,053 0. 84 1.0 3.8

IT 0.012 0.015 0, 0066 1,1 0.77 7.1 0,053 0, 84 1,% 9,1

1 0,045 0.056 0,024 1.7 1.9 15 0,053 0, 84 3.7 18

IV 0,092 0,11 0,050 3.3 9.7 39 0.053 0. 84 9,1 43

Vv 0,045 0.056 0.024 1.6 0.77 7,1 0.053 0, 84 2.4 9.6

VI 0.058 0.072 0.031 3.1 2.5 23 0.053 0, 64 9.7 27

 

“Modified by graveling the village area and by plowing the village island.
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Table 248, The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the
southern islands.
 

30-yr integral dose, rem
Modified conditions’ and agriculture on southern islands
 

 

 

Inhalation External Terrestrial Marine Total

Living Bone,
pattern Bone Lung Liver W.B. W.B. Bone W.B. Bone W.B. Bone

I 3(-4) 4(-4) 2(-4) 0.83 0. 14 2.1 0.053 0. 84 1.0 3.8

IT 0.012 0.015 0.0066 1,1 0,14 2.1 0.053 0. 84 1,3 4,1

TI] 0,045 0,056 0.024 1.7 0. 14 2,1 0.053 0. 84 1.9 4.7

IV 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, “rem

 

 

Unmodified case Modified case

Location Whole body Bone Whole body Bone

Enewetak Atoll

Living pattern I 1.0 3.8 1.0 3.8

Enewetak Atoll
Living pattern IIT 11 80 8.9 . 76

Ienewctak Atoll
Living pattern Ill, agriculture
confined to southern islands 4.2 7.0 1.9 4,7

1. S. background only? 3.0 3.0 3.0 3.0
 

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

Based upon background of 100 mrem/yr at sea level.



 

 

 

 

 

 

 

 

 

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
Unmodified conditions

Livi Marine Terrestrial Inhalation Total
ziving
pattern Bone Liver Lung Bone Liver Lung Bone Liver Lung Bone Liver Lung

I 0,018 0.047 - 5.0(-5) 1. 8(-4) - 7(-4) 4(-4) 9(-4) 0.018 0.048 9(-4)

IT 0.018 0,047 - 1,5(-3) 5,0(-3) - 0,029 0.016 0.036 0.049 0.068 0.036

II 0.018 0,047 - 6.9(-3) 5, 3(-3) - 0.1¢C 0.056 0.13 0.12 0.11 0.13

IV 0.018 0.047 - 3,0(-3) 0.010 - 0.47 0.25 0.59 0.49 0.31 0.59

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
sD assumes modified conditions,

Plutonium 30-yr integral dose, rem
Modified conditions

Marine Terrestrial Inhalation Total

Living

pattern Bone Liver Lung 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)

II 0. 018 0. 047 - 1.5(-3) 5, o(-3) - 0.012 0. 0066 0.015 0. 032 0. 057 0. O15

iu 0.018 0. 047 - 6,9(-3) 5, 3(-3) - 0. 045 0. 024 0, O56 0, O70 0. O76 0, 056

IV 0.013 0. 047 - 3. 0(-3) 0.010 - 0. 092 0. 050 0.11 Q. 11 0.11 0. 11

V 0.018 0. 047 - 5, O(-5) 1, 8(-4) ~ 0. 045 0.024 0. 056 0. 063 0, O71 0. 056

VI 0.018 0. O47 - 3, 0(-3) 0, 010 - 0.058 0.031 0. 072 0. 079 0. 088 0. O72

 



APPENDIX III

REVIEW OF RADIATION PROTECTION 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

reaction by vihers was .ejected. The conseusus of cue Task Group opinion

was that these recommendations should be specific and uneyuivocal, and

should establish a clear nosition on what is needed. Toa do less

would be unfair to the federal agencies who have accepted responsibilities

to perform the rehabilitations and to the Enewetak people who are looking

to this agency for advise.

The judgment of the Task Group is that rehabilitation must conform with

current radiation standards and with good health physics practice in

implementing these standards. <A summary of current radiation protection

Standards and material related to health risks that may be associated with

Standards reviewed and radiation criteria reccormended by the Task Group

follows.



Federal Radiation Council (FRC)

Basic FRC nunerical guidance and health protection philosophy are

similar to those of the ICRP and NCRP. Radiation Protection Guides

(RPG's) are provided which deal with exposures of individuals and of

population groups. Actions are to be directed primarily toward controi

of the sources of radioactivity to restrict entry into the environment

but also toward control of radioactive materials after entry into the

environment in order to limit intake by humans. The RPG's express the

dose that should not be exceeded without careful consideration of the

reasons for doing so. [Every effort snould be made to encourage the

maintenance of radiation doses as far below this guide as practicable.

The RPG's are intended for use with normal peacetine operations. There

Suculd beitwe muncmude radiation cenpoocure wichoul enpeciution of

benefits fron such exposure. Considering such benefits, exposure at

the level of the R°G is considered as an acceptadle ris: for 2 lifetime.

The RPG's for the population are expressed in terms of annual exposure,

except for the gonads, wiere the ICR? recommended value of 5 rems in 39

years is used. FRC states that the operational mechanisn described for

application of criteria to limit the whole body dose for individuals te

0.5 rei per year and to limit exposure of a suitable sanple of the

population to 0.17 rem per year is likely to assure that the gonadal

exposure guide will not be exceeded.

The child, infant, and unborn infant are identified as being more sensitive

to radiation than the adult. Exposures to be compared with the guidance

are to be derived for the most sensitive members in the population. The

guide for the individual applies when individual exposures are known;
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A. Federal Radiation Comeil (TRC) .

Basic FRC numerical guidance and health protection philosophy are

similar to those of the ICRP and NCRP. Radiation Protection Guides

(RPG's) are provided which deal with exposures of individuals and of

population groups. Actions are to be directed primarily toward control

of the sources of radioactivity to restrict entry into the environment

but also toward control of radioactive materials after entry into the

environment in order to limit intake by humans. The RPG's express the

dose that should not be exceeded without careful consideration of the

reasons for doing so. Every effort should be made to encourage the

maintenance of radiation doses as far below this guide as practicable.

TiThe RPG's are intended for use with normal peacetine operations. 12re
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benefits fron such exposure. Censidering such benefits, exposure at

the level of the 27G is considered as an acceptable risk for a lifetine.

The RPG's for the population are expressed in terms of annual exposure,

except for the gonads, weere the ICR? recommended value of 5 rems in 33

years is used. FNC states that the operational mechanisn described for

applicaticn of criteria to limit the whole body dose for individuals to

0.5 ren per yeer and to linit exposure of a suitable sample of the

population to 9.17 rem per year is likely to assure that the gonadal

exposure guide will not be exceeded.

The child, infant, and unborn infant are identified as being more sensitive

to radiation than the adult. Exposures to be compared with the guidance

are tc be derived for the most sensitive members in the population. The

guide for the individual applies when individual exposures are known:

am
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othervise, the guide for a suitabie sample (one-third the guide for the

individual) is to be used. This operational technique may be modified

to meet special situations.

The FRC primary numerical guides, expressed in rem, are provided in two

reports, FRC Nos. 1 and 2, surmarized in Table I. Secondary numerical

guides developed by FRC are expressed in terms of daily intake of specific

radionuclides corresponding to the annual 27G's. Consideration is given

to all radionuclides througn all patiways to derive a total annual exposure

for comparison with FRC guides. However, for many practical situations a

relatively few radionuclides yield the major contribution to total

exposure; by comparison, exposures from others are very small.

TABLE I

v/

FRC RADIATION PROVEC'TVION GUlDEsS—

Individual PopulationGroup.

Whole body 0.5 rem/yr 0.17 rem/yr

Gonads - 5 rems/30 yrs

Thyroid 2/ 1.5 rems/yr 0.5 rem/yr

Bone marrow 0.5 rem/yr 0.17 rem/yr

Bone 1.5 rems/yr 0.5 rem/yr

Bone (alternate 2/ 0.003 pg of 0.001 ye of 7#°Ra
guide) 2262, in adult in adult skeleton

skeleton

1/ For conditions and qualifications see FRC Report Nos. 1 and 2.
2/ Based upona childs thyroid, 2 gms in weight and otherfactors

listed in paragraphs 2.10-2.14 of FRC Report No. 2.

3/ Or the biological equivalents of these amounts of 226p.,
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The International Commission on Radiolovical Protection (ICRP)

The ICRP originated in the Second International Congress of Radiology

in 1928. It has been looked to as the appropriate body to give general

guidance on widespread use of radiation sources caused by rapid

developments in the field of nuclear enersy, ICRP recommendations deal

with the basic principles of radiation protection. To the various

mational protection bodies is left the responsibility for introducing the

detailed technical regulations, recormendations, cr codes of practice

best suited to their countries. Recommendations are intended to guide

the experts responsible for radiation protection practice.

ICRP states that the objectives of radiation protection are to prevent

acute radiation effects and to limit the risks of late effects to an

accentahle Tayel. Tr hatde that fit fs ounknem whether a threshald existe,

and it is assumed that even the smallest doses involve a proportionately

small risk. No practical alternative was found to assuming a linear

relationship between dose and effect. This implies that there is no

wholly "safe" dose of radiation.

Exposure to natural backeround radiation carries a probability of causing

some somatic or hereditary injurv. liowever, the Commission believes that

the risk resulting frem exposures received from natural backsround should

not affect the justification of an additional risk from man=-ncde exposures.

Accordingly, any dese limitations recommended by the Commission refer only

to exposure resulting from technical practices that add to natural back~

ground radiation, These dose limitations exclude exposures received in the

course of medical procedures. (These sane qualifications with regard to
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natural background and medical procedures are applied to NCRP and FRC

recommendations,

ICRP developed the concept of "acceptable risk." Unless man wishes to

dispense with activities involving exposures to ionizing radiation, he

must recognize that there is a degree of risk and must limit the radiation

dese to a level at which the assumed risl is deemed to be acceptable to

the individual and to society in view of the benefits derived fron such

activities.

For planned or controlled exposures of individuals and populations, the

ICRP has recommended the term "dose linit." Recommended dose limits are

thousht to be associated with a very lov degree of risk. For unplanned -——-

exposures from uncontrolled sources the tern "action level" is

recommended. In general it will be appropriate to institute countermeasures

onlywhen their social cost and risk will be less than those resulting

from the exposure, Setting of action levels is the responsibility of

national authorities.

It is not desirable to exposure members of the public to doses as higu as

those considered to be acceptable for radiation workers because children

are involved, members of the public do not make the choice to be cxposed,

and menbers of the public are not subject to selection, supervision and

monitoring, and are exposed to the risks of their om occupations. For

planning purposes, dose limits for members of the nublic are set a factor

of ten below those for radiation workers.
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The ICRP dose limits for individual members of the public are presented

in Table II. No maxinun “somatically significant" dose for a population

is given. The genetic dose to the population should be kept to the mininun

amount consistent with necessity and should not exceed 5 rems in 30 years

from all sources other than natural background and medical procedures,

No single type of population exposure should take up a disproportionate

share of the total of the recommended dose linit.

 

TABLE II

ICRP DOSE LIMITS i

‘ Individuals Population

Gonads, red 0.5 rem/yr -
bone-marrow

Skin, bone, 3.0 rems lyre! -
thyroid

Hands and forearms; 7.5 rems/yr -
feet and ankles

Other single organs 1.5 rems/yr -

Genetic dose 3/ - 5 rems/30 yrs

1/ For conditions and qualifications see ICRP Publication 9.
2/ 1.5 rems/yr to thyroid of children up to 16 years of age.
3/ See paragraphs 84, 85, and 86, ICRP Publication 9.



C. National Counctt on Radiation Protection and ‘feasurenents® (CICcnP)

The HCRP position is that the rational use of radiation should conforna

to levels of safety to users and the public which are at least as

stringent as those achieved for other powerful agents. Continuing and

chronic exposure attributable to peaceful uses of ionizing radiation

are assumed.

The NCRP has adopted the assumption of no-threshold dose-effects

“relationship and uses the term "dose limits" in providing guidance oa

population exposures. All 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 exnosure limit free fron

some depree of risk.

To establish criteria, ICRP uses the concept of "acceptable risk" (where

the risk is conpensated by a demonstrable benefit) broken dowm to fit

classes of individuals or population groups exposed for various purposcs

to differcnt quantities of radiation. ‘umerical recommendations fer dose

limits are necessarily arbitrary because of their mixed technical value-

judgment foundation. The dose limits for individual members of the public

and for the average population recommended by NCRP represent a level of

risk considered to be so small compared with other hazards of life, and

 

*Formerly known as the National Committee on Radiation Protection and Measurenents.
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so well offset by perceptible benefits when used as intended, that public

approbation will be achieved when the informed public review process is

completed.

For peaceful uses of radiation, NCRP provides yearly numerical dose linits

for individual members of the public, considering possible somatic effects,

and strongly advocates maintenance of lovest practicable exposure levels,

especially for infants and the unborn. NCRP also recommends yearly dose

linits for the average population based upon somatic and genetic consider-

ations and recommends the sanc value as IC™? of 5 rens in 30 years for

gonadal exposure of the U.S. population. Table III contains a summary of

recommended values. ‘ICRP Report No. 39 entitled, "Sasic Radiatioa

Protection Criteria," dated January 15, 1971, contains the most receat

updating of NON recommendations for rrotection of the vublic.

 

TABLEIII

NCRP DOSE Limits 2/

Individual Population

Whole body . 0.5 rem/yr 0.17 rem/yr

Gonads - 0.17 rem/yr 2i

Gonads (alternative 3/ 5.0 rems/30 yrs
objective)

For conditions and qualifications on application, see NCRP Report
No. 39, ''Basic Radiation Protection Criteria. ''!
To be applied as the average yearly value for the population of
the United States as a whole. See paragraph 247, NCRP Report No. 39.
See paragraph 247, NCRP Report No. 39.Iw
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Criteria Against Which Survey Findings and Alternative Measures Will Be

Evaluated

The Task Group approached the questien 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

approach was reviewed using information from ICRP, UNSCEAR, and the

National Academy of Science BEIR Committee. The results of this latter

effort are summarized in Part E which follows.

The radiological survey of Enewetak Atoll provides a comprehensive data

base needed to derive recommendations relative to the radiologically safe

return of the Enewetak people. These recommendations are to be based on

an evaluation of the significance of all radioactivity on the Atoll in

terms of the total exposure to be expected in the returning population,

and on consideration of those reasonable acticns and constraints which,

where made, will result in minimm exposures.

The guidelines used in deriving these recommendations can be summarized

as two interdependent consideraticns:

1. Expected exposures should be minimized and should fall in a range

consistent with guidance put forward by the Federal Radiation Council

(FRC).

2. Actions taken to reduce exposures should be these which show promise

of significant exposure reduction when weighed against total expected

exposures and the "costs" of the actions. "Costs," in this context,

are measured primarily in terms of costs to the Enewetak people as

constraints on their activities or as dollar costs for cleanup or

renedial action.
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In these evaluations, it should be enphasized that dosages through various

pathways are estimated on the basis of environmental data and considerations

of expected living patterns and dietary habits. While “radiation standards"

do not exist for environmental contamination levels in substances such as

soil and foodstuffs, there is general agreement in terns of conservative

models of these pathvays and the relationships between a certain level in

the environment and the likely dose to result from the pathway exposure.

The area of plutonium in soils, however, is one for which there is no

general agreenent as to the quantitative relationship between levels in

soils and dosages to be expected throuch the inhalation pathway, the

primary one throuph which man can receive a significant dose fron

plutonium. The ICRP recommends a maxinun permissible average concentration

"insoluble"(IPC) of 1 picocurie per cubic meter (pCi/m?) of air for

plutoniun and 0.06 pCi/m> for "soluble" plutoniun for unrestrictel areas.

While the plutonium in the soil at Eneweta is thought to ba typical of

world-vide fallout, and thercfore insoluble, 9.06 pCi/n? will be used

for the sake of conservatisn.

Appendix A of [Cnevetak Radiolovical Survev, ‘1VO-140, presents two possible
 

methods for deriving the exposures that may occur tiurough the inhalation

pathway for pluteniun in soil. (This is the pathwav of interest for the

present although it is reorganized that for the very distant future,

ingestion may become more important by comparison. Table 250 of Appendix

ZI shows that exposure to bone, liver, and lung from 239Pu are expected

to be a few hundredths of a ven in 30 vears for pathways other than

inhalation.) Thies material is produced as Attachment I of this section.
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The two mcthods presented are the "resuspension-factor" approach and the

‘ approach, Soil concentrations of 239py that would bemass~loading'

associated with the standard for 239Pu in air (0.05 pCi/m?) by the two

methods are:

Resuspension=factor approach . ... » « 1,000 pCi/g

Mass-loading approach ...-+..+.e-s- 600 pCi/g

A recent report, A Proposed Interim Standard for Plutoniun in Soils

LA-5483-1IS, presents recomnendations derived from estinates of exposure

through inhalation ‘considering the concentration of 239Pu in the very top

surface soil. The following values were recornmended:

409 pCi/e - For ail particle sizes provided no more than

290 pCi/s in< 100/nn size fraction.

A revised Maximum Permissible Concentration, IMC, of 9.3 nots for

individuals was used in these determinations. The estimates apply to

large area contamination. Levels several times larger could de permitted

for lecalized deposition.

The Task Group recognizes that the islands of Enewetak Atoll are small

and that the areas of highest 239py in soil on these islands are smaller -

still. On the other hand the people live close to the soil. It is also

recognized that experts are not in asreement as to the critical organ fer

inhaled plutoniun, whether to use an average dose for this organ, or the :

model to be used to predict dose. in the interest of seeking a conservative

yet flexible approach to considerations cf criteria to treat the probler



of 239pu in [newetak soil, the Task Group recormends the following:

l.-

ae

Cc.

ce

Any areas or locations where soil concentrations of 239py are greater

than 400 pCi/ez should receive corrective action with contaminated

soll removed for disposal.

Situations with soil levels in the 40 to 400 pCi/g range may receive

corrective action with each area or location evaluated on a case by

case basis.

following guidance is provided for this evaluation:

Islands with soil levels in the above range may be divided into two

categories, those of sufficient size for construction of permanent

houses, and those that are not.

Renoval of 239pu contaminated soil is better justified within the

range above for the larger islands such as JV™T or SALLY where

permanent nousing may soneday belocated and for near surface

locations on the larger islands.

The snaller islands may be considered of less concern, Their longtern

outlook is uncertain since they are sometines increasing in size and

sometimes erroding away. Smill islands may be washed over by storn

waves and are not a safe site for permanent housing. From that

viewpoint, they are in the same category as unnamed sandbars along

the reef where other islands may have disappeared or be forming.

The amount of effort that properly may be given to soil renoval in

this ranze increases as the soil concentration increases.

Once a soil removal action is to be taken, the objective is to achieve

a substantial reduction in plutonium soil concentrations, and further,

to reduce concentrations to the lowest practicable level, not to

reduce them to some prescribed numericel value.

y
e
e
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3. Areas or locations showing less than 49 pCi/g do not require corrective

action because of the presence of plutonium alone.

The Task Group views these recommendations as the best current approach

for obtaining acceptable actions against plutonium in soil at Dnewetak

Atoll. These are interiun criteria to the extent that there does not

appear to ba either adequate physical or biological basis on which to

establish firm and durable standards for cleanup of plutoniun

contaminated soil.



Recommended Guides .

The standards issued by FRC are recormended as the basic guidance for

evaluation of exposures to individuals to Enewetak. This is recomended

with provisos that:

1. The full amount of the numerical values should not be used for

evaluating exposures from a single man-made source, in this case

radioactivity from weapons tests. Tnais is applied so that the

Enewetak people will not be denied benefits of future auciear

technolory because they are receiving exposures from man-nade

radiation at the maximum level of acceptable standards.

Enyvironmeatal followup surveys and studies of radioactivity levels

in people are performed such that the full range of radiation

sposures of individual nenbers of the Mnevetak population will be

Lnam
Ve

Exposures of the ECnevetax people are kept to the minimun practicable

level.

Survey, Cleanup, and Rehabilitation Tvaluation
 

It is recomaended in this context that:

1. The PRC Radiation Protection Guide (RPG's) for individuals sheuld be

used as the basic standard. The requirenent is to assure that exposures

for continuous residence in Enevetak Atoll will be well within the

annual and 30 year criterion. ‘while these are conservative standards

from a health view point, there is no builtin conservatism to account

for uncertainty in prediction of annual exposures to individuals,

Because of the complex circuastances of exposure and the many pathways,

each with its uncertainty, the Task Group recommends use of 5) percent
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3.

of the FRC annual standards for evaluation of the many cleanup and

rehabilitation alternatives at Enewetak Atoll. This is not to be

viewed as an attempt to establish new standards but is considered to

be a necessary precaution in the application of current standards.

The following values apply for evaluation of alternatives:

Whole body . « «ee 6 6 0 © @ © oe © 0625 Ren/yr

Bone marrow . 2 6 0 © © © e © © eo cw 0625 Ren/yr

Bone . ee eo ew ee ew te tw tw ww ce O75 Rem/yr

Thyroid . 6 2 6 6 « «© © wo © © eo © O75 Rem/yr

The Task Group recommends use of 100 percent of the FRC RFG’s to

evaluate post cleanup and rehabilitaticn and post return conditions

wherein direct measurement of levels of radiation and radioactivity

in foods and in people are made. Under such conditions, desc

estimates should be subject to much less uncertainty. The reguirenent

is to assure that exposures are well within the FRC standards. See

Section A. of this Appendix for the FRC R?G's,

The criteria for evaluating gonadal exposures at Enewetak Atoll should

be 4 rens in 3) years. The requirement is to assure that long tern

exposures will be well within this criteria. TheTask Greup feels

justified in using 99 percent rather than 50 pereent of the FRC

Standard since there will be ample time to verify exnosure estinates

using actual sampling of the diet and time to follew the changing

pattern of exposures of people.
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&, The recommended guidance for 239Pu in soil is:

a. <40 pCi/g - corrective action notrequired.

b. 40 to 490 pCi/g - corrective action may be needed. Action to be

taken should be determined on a case-by-case

basis.

c. >400 pCi/s - corrective action required.

In applying the criteria for bone and bone marrow in part 1 above, it is

assumed that if annual exposures do not exceed the applicable criteria

in theyear of highest dose, there will not be a requirement for linitins

longer term cumulative exposures. On the other hand, implementation of

the "lowest practicable” concept will require considerations of effectiveness

of remedial measures to reduce both annucl and lonzcr term ennesures te the

extent practicable.



Risk Considerations

The Task Group and its technical advisorshave reviewed the available

information froa ICxP, WISCEAR, and the National Academy of Science BEIR

Committee that could be used to estimate the health risk that may be

associated trith long term exposures at the level of the radiation dose

and soil renoval criteria being recommended, It is clear fron this

review that knowledge of the relationship between radiation dose and

effects of that dose on man as characterized in dose-effect curves is

incomplete even for external radiation exposures. For internal enitters

and particularly for plutcniun, the situation is even less satisfactory.

UNSCLAR has summarized their fundings by stating that one should not

extrapolate in a linear fashion from effects scen at hish doses end dose

rates to effects at low deses and dose rates since there is strenz

likelyhood of recovery and repair. The SrIR Conmittce, using oniy hunan

gata, concluded that since the low dose data were incomplete, one should

conservatively assume a linear no-threshold dose-affect curve draym

through data obtained at hign doses and dese rates. The Comuaittee further

sugsested that if this linear no-threshold curve is assumed to be correct,

it follows that 6,000 cases of cancer would be produced eacn year in 4

population of 200,990,009 peopie exposed at a rate of 0.17 Rem/yr.

(Tais is the FRC RPG for population groups - see Table I.) For the

Enewetalk population of less than 590 exposed at the same level, one ca:

make the following estinate:

6 x 19? cases/yr x 50) people = 1.5 x 10°? cases of cancer/yr
 

2x 108 people



Exposure at the level of the recommended criterion of 0.25 Ren/yr would

give twice the above value using a linear dose-effect curve or 3 x 10-

cases per year. The Task Group views this as a pessimistic upper linit

of risk. It could be inferred that there may be between zero and three

cases of cancer in 100 years if the entire Enewetak populaticn were

continuously exposed to 0.25 Rem/yr over that time period.

Lack of confidence in extrapolation of high dose and dose rate effects

into the very low dose and low dose rate situation, consideration of

the fact that for alternatives being considered for cleanup and

rehabilitation, most of the exposure to whole body and in fact to all

organs comes from internal emitters wherein the shape of the dose-effect

curve is most uncertain, and lack of confidence in the statistics and

Fisk eStiuaie drawn cherefron have led the task Group to have serious

reservations about their validity. The Task Group hoids the opinion

that such estinates can not be used in any definative way to drav

conclusions on whether current radiation standards are too high or too

lew or as a basis for decision making relative to resettlerent of

Enewetak Atoll. While the risk associated with doses at the levei of

current standards is possibly not zero, it is viewed as being very low

as described by FRC, ICRP, and NCRP. The basic FRC standards,

conservatively applied, are viewed as suitable for Enewetak rehabilitarion

provided there is also a serious and concerted effort to keep exposures

as low as practicable.
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ATTACHMENT I

RELATIONSHIP BETWEEN RESUSPENDED PLUTONIUM

IN AIR AND PLUTONIUM IN SOILS



Relationship Between Resuspended
Plutontum in Air and Piutonium in Scil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livérmore, 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 plutonium.
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However, two approximate methods may

be used — the resuspension factor ap-

proach and an argument based upon

ambient air particulate concentrations,

with the assumption that the particulates

are derived from the contaminated sur-

face. The former method has been fre-

quently used, but almost always in the

The

latter method is inappropriate to the

context of a fresh surface deposit.

fresh deposit situation, but should be

reasonably valid after enough time has

elapsed for the surface-deposited mater-

ial to become fairly well mixed witha

few centimeters of the soil surface.

ResusSpension Factor Approach

The resuspension factor, K, is defined

 

as
K = Airconcentration (Ci/m>)

Surface deposition (Ci/m2) ’
* ta -1 :

ang thus-has units of m "., Nis almost -

always implied that both measurements

The diffi-

culties with this approach are fairly

are made at the samelocation.

_,obvious — no allowance is made for the

geometrica! configuration of the source,

the particle-size distributions of the con-

taminant and the soil surface, vegetation

cover, etc. Stewart! and Mishima”

have tabulated values of K from many

experiments including those involving

laboratory floors as well as native soils,

As would be expected, the tabulated

values cover an enormous range and vary

from 1077 to i938 Most of the high

values, however, are derived from exveri-

/m.

ments with laboratory floor surfaces and/

or with artificial disturbance.

For outdoor situations, Stewart! sug-

gests as a guide for planning purposes

that a value for K of 1078/m be used

“under quiescent conditions, or after

administrative control has been established

" A value ofin the case of an accident,

107°/m is suggested under conditions of

moderaie activity. Stewart states, how-

ever, that exceptionally higher values

(mean of 10° Ym) 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

also reported by Stewart,

Kathren® has also considered the re-

suspension factor approach and has

recommendedthe use of 10°4/m asa

conservative but appropriate value for

setting standards for Pu, surface con-

tamination,

Lenghem* 5 has suggested that 2

value of 10°°/m is a reasonable average

value to use in estimating the potential

hazard of occupancy of a piutonium-

contaminated area, At the same time,

however, Langham notes that many

measured values lie in the range of 10°°

to 10°! /m and reports that his own

measurements in 1956 produced a value

of 7X 10°°/m,
These recommended values, however,

are all intended for application during the

time period immediately following deposi-

tion. Numerous studies!’ 5-8 have shown

that air concentrations of resuspended

With the

assumption that this decrease can be

materials decrease witn time.

represented by a single exponential func-

tion, half-times of 35 to 70 days have

been reported”? 7, 8 This decrease in

air activity is not explainable by the

relatively minor loss of material from

the initial site of deposition» °, but is
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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”? 4 There are

major uncertainties in such a formulation,

however. The longest studyof this de-

crease with time extended to only 11 mo

following the initial deposition®, which

is extremely short compared to the half-
2395.

There are also published reports which

life of a radionuclide such as

indicate on experimental and theoretical

bases thet the decrease with time will

not be adequately represented by a single

exponential function, but that the rate of

decrease itself will also decrease with
. i
time’ b Fortunately, the exact nature

of this time dependence is not critical in

determining the integrated exposure from

the time of initial deposition due 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 conserva-

tive published model (Kathren®) may be

used to calculate a resuspension rate for

material 15 yr after deposition:

 

K 1074 (83898. 15v X 365d \
- exp TTS

m 45d ¥

= 10°41 /m,

If, however, the resuspension rate

asymptotically approached somefinite

value 10° §

pension rate 15 yr later would obviously

of the origina!, then the resus-

be yo 19

grated air activity {from t = 0 to o} for
239

/m. However, the total inte-

Pu would be changed only by

oo

AX 104f exp (- 0.693t/45d) dt
°

eo

+axi09 exp (- 0, 693t/24, 400y)dt
0

-3 -3= 6.5AX 107° +1,34X10°°,
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, pre-

viously. published models should not be

applied to the recccupaticn of areas many

years after the contaminating event.

The resuspensicn-factor approach can

be applied in an approximate way, hew-

ever, if resuspension factors are used

which were derived from measurements

over aged sources, Perhaps the most

relevant data are unpublished results

from current resuspension experiments

at the GMX site in Area 5 of the Nevada

Test Site. The 2352p, 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 1971-1973

appear to be the only available data con-
239 :

Pufromacerning resuspension of

source of this age,

Data irom two types or ineasurements

are available and can be used to derive

The first

was accomplished

average resuspension factors,

type of measurement?

by placing five high-volume cascade

impactors”® within the most highiy con-

taminated area, and running them for

t
u
o
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36 days, from July 7 to August 12, 1972,

The collected 23% 240
distributed lognormally with particle

Pu activity was

size with an activity median aerodynamic

diameter (AMAD) of 3.0 um and a geo-

metric standard deviation of 8.2, The

239, 2405, concentration varied from

1.0 x 107!4 to 3.9x 10° !4 pci/em9,
with an average of 2.3 X 10° 14 3uCi/em

for the five samplers. At the present

time only limited data are available re-

garding the soil activity in the area.

Four soil sampies of depth 0-3 cm from

approximately the same location have

-been analyzed with results?! of 2060 to
- 3550 dpm/g, with a mean of 2700 dpm/g.

Profile data from other locations at the

same general site indicate that about 90%

of the total deposition is contained within

the top 2.5 cm of the soi ?, Measure-

ments of soil density in the area average

1.8 g/cem’ . The resuspension factor

is therefore 3
-1

2.3.x 10 ** uci, _¢ x £m
cm” 2700 dpm 1.8 g

0.9 10 cm y 2.22 x 10° dpm
3 cm m uCi

-10

 

x 

=3X10 “‘/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

of approximately 48 hr? Measurements

were made at four locations, but the

most pertinent is the one which was most

frequently in the direction of strong winds

from the strongly contaminated area and

where the highest air activities were

Here, 254 individual air-

filter samples were collected and detec-

recorded,

239, 205.

concentrations ranged from 3.5 X 10°}?

to 6.3 x10 33
and geometric meansof 6.6 X 19° 9 and

7,9X 10° 16 uCi/em’, respectively. Re-

sults for four soil samples taken from

table results reported for 236,

uCi/em, with arithmetic

approximately the same location range

from 128 to 202 dpm/g, with a mean of

160 dpm/g". Because the arithmetic

mean is a better representation of average

lung exposure, it is used to derive a re-

suspension factor at this site:

 

 

6.6X10uli, 2 em?
cm? 160 dpm’ 1,38 ¢

x 0,9 x 10° em y 2.22 x 10° dpm .
3 cm. m BCI

=2xX10°9/m,
This value is nearly an order of magni-

tude higher than the one previously caicu-

lated, and reflects some of the inherent

difficulties in the resuspension-factor

approach, i,e., that no allowance is made

for the geometrical configuration of the

source and that higher ground activities

may be present upwind,

It is obvious that this approach is sub-

ject to major uncertainties, but does

serve as an order-of-magnitude indication

of the resuspended air activities that may
Q

239, 2405, contaminatedarise from a

area which has weathered for 15 to 20 vr.

The data discussed above also ce monstrate

unequivocally that resuspension of

239, 2405, does in fact occur from such

aged deposits and at levels mary orders

of magnitude higher than would be ex-

pected ir the often noted decrease with

time were represented ty a single exponen-

tial function with a half-time of 35 to 79

days.



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 from the contaminated

soil, For fresh deposits this approach is

not valid because the freshly deposited

debris is much moreiikely 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, 2405, were preferentially associated

with the smaller narticte sizes mare

likely to become airborne, For the

Nevada Test Site, such is not the case as

and by the

high-volume cascade impactor study.

The latter study found an AMAD of 3.0 wm
for 239, 240

determined by soil analyses! 4

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:

239, 240
  

Size, um Pu, dpm/g

>7 950

3,3 to 7 700

2.0 to 3.3 1030

1,1 to 2.0 1300

0.01 to 1.1 480

All stages | 890

(Soil) (2700)
 

Although there is considerable spread

in these data, there is no indication of a

preferential associaticn of 239, 2405,

with a particular particle size; as would

be expected as a result of dilution by inert

aerosol, the specific activity is lower

than that of the soil.

If we assumethat 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, A

factor of some uncertainty for a specific

calculation is what value to use forthe

ambient air mass loading in the absence

of specific data, This becomes even

more uncertain because of the possibility

that the people involved may be highly

correlated with the source in the sense

that children plaving in sand. adultes enl-

tivating crops, etc,, may generate their

own "ambient air" which contains much

more mass than would be recorded bya

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

3 (5) The upper bound can be10 we/m

established in a reasonable way bythe

levels found in mine atmospheres which

have led to a considerable prevalence of

pneumoconiosis in the affected workers ©,

Examination of these data indicate that

current standards for occupationa! dust

exposure (~ 1-10 mg/m?) have a very

small, or perhaps no margin of safety,

such that a reasonable upper bound can

be taken as 1 mg/m°, British data’
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‘indicate that if the general public were

exposed to dust levels in excess of

1 mg/m, the public health problem from

the dust alone might be enormous, The

reasonableness of the upper limit value

of 1 mg/m* is also demonstrated by data

which indicate that nonurban ambient air

mass concentrations this high are usually,

‘ associated with conditions described as

dust storms!®?9,

Measurements of ambient air mass

loading can be used to further define a

reasonable estimate for predictive pur-

The National Air Surveillance

Network (NASN) has reported suchresults

Data”? for 1966 show

that there were 217 urban and 30 nonurban

poses,

for several years,

stations reporting, The annual arithmetic

average for the urban stations ranged

from 33 (St. Petersburg, Florida) to

254 ue/m? (Steubenville, Ohio), witha

mean arithmetic average for all 217

stations of 102 ug/m>, For the nonurban

stations, the range was irom 9 (White

Pine County, Nevada) to 79 ug/ m°> (Curry

’ County, Oregon), with a mean arithmetic

average for all 30 stations of 38 ug/ 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 annua!

arithmetic average of 35 ug/m?,

More pertinent, but limited, data have

recently been pubiisned for the island of

Hawaii’ 1, 22 Data are given for three

locations: Mauna Loa Observatory

located at a height of 3400 m, Cape

Kumukahi, andthe city of Hilo, NASN

data for Hilo (for an unspecified period)

are given as 18 ug/m°>, and nephelometer

measurements varied from 18 ug; m?

during the day to 26 ug/m® at night, At

Cape Kumukahi the nephelometer measure-

ment was 9, 2 ug/m>, The greatest amount

of data is available for Mauna Loa Observa-

tory. Here, the NASN measurement was

3 ug/m°*, and the nephelometer measure-

ments varied from 1.7 yug/ m®? at night to

6.5 yg/m* during the day. Additional
measurements made by the USAEC Health

and Safety Laboratory {HASL) were

3 ug/m°, It is of interest in the present

context that Simpson7* made the following

comment concerning the HASL measure-

ments: “The HASL filter samples contain

substantial dust (3-5 ug/ m°? of air sampled)

because oi the fact that the filter was

located less than one meter above the

ground surface near areas with substantial

personnel activity at the observatory site. "

Thus, while this method of measurement

may not have coincided with Simpson! s

interest, it does indicate that ambient

air mass loadings may be very low on

sucn remote islands even when consider-

able human activity is occurring nearby.

On the basis of the above data, it

would appear reasonable to use a value of

100 pe/m® as an average ambientair

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 expusec to higher particulate

concentrations than would be measured by

a stationary sampler,

Supporting evidence that 100 ug/m" is

a reasonable value to use for predictive

purposes is provided by the National

Ambient Air Quality Standards*°, Here
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"| ..that portionambient air is defined as

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 standards
for particulate matter, ug/m”.

 

 

Annual Max, 24-hr carentration
geometric not to bé exceeded more
mean than once a vear

Primary:

75 260

Secondary:
60 150

_~ 239Table 151. Acceptable soil levels of
several years.

Data to support these standards in terms

of health effects, visibility restrictions,

etc. have been provided ~,

An arithmetic mean would be more

desirable for predictive purposes. Data

from 1966°°
cate that the annual arithmetic mean is

for nonurban locations indi-

(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 usedto derive such

levels for both soluble and insoluble

239bu, The derived values are given in

Table 151, The two methods agree within

. afactor of two, at least for soil distribu-

tions like those found at the Nevada Test

ais Te ns eyCe v4 9? ft
eur, adel atliniCin ait aasté ivadiny wii

Pu for a source which has weathered for
Values are approximate and are subject to uncertainty.

Permissible Concentration in Air for 168-hr occupational exposure
(MPC,)25.
 

Acceptable air concentration, pCi/ cm?

 

Resuspension-factor approach
 

, , -1
Assumed resuspension factor, m

Acceptable soil deposition®, uCi/m?

Acceptable soil concentration?, nCi/g

Mass-loading approach
 

Assumed mass loading, ug/m°>

Acceptable soil concentration, nCi/g

 

“Equivalent to approximately 104 pg of insoluble

Passumes same distribution of 239
the Nevada Test Site.

Insoluble Soluble

10712 6 x 10744

10°? 10°?
10° 60
20 1

107 10°
10 0.6

239m2,

Pu with depth and soil density as measured at
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NTS during the cascade impactor run was

measured to be 70 ug/m>,

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 materia! which has been trans-

ferred to homes,

Healy”° has considered these and

other problems, and has provided tables

of "decision levels" for surface contamina-

tion levels and hometransfer levels. A

decision level is based upon National

Council on Radiation Protection and

Measurements (NCRP) recommended

dose limitations, Because the derivations

Table 152. Decision levels 26 for soluble
239

Pu, and their equivalent in soil mass

based upon the "acceptable soil concentration" from Table 151.
 

Pathway

Direct inhalation®

Direct ingestion?

Skin absorption*®

Resuspension®

Direct inhalation

Direct ingestion

Skin absorption

Decision level

A. Direct personal contamination

B. Transfer (to homes) levels

1aSS equivalent

2x 107° nCi/em? 1x 1075 atom?
0.2 nCi/em” 0.2 g/cm2

8X 1074 uci 0.8¢

0.01 .Ci/day 10 g/day

0.01 wCi/day 10 g/day

100 pCi/day 10° g/day
0.03 pCi/day 30 g/day

 

aun, gs . .
"The contamination level on clothing and skin that could result in inhalation of air

at the MPC, for the public.

burhe contamination level on skin or clothing that could result in ingestion of a
quantity of radioactive materialequivalent to the ingestion of water at the MPC,

for an individual in the public.

“"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 MPC.

public were ingest

for "soluble" isotopes for an individual in the

Guthe amount transferred per day that could result in air concentrations due to

resuspension in a medium-sized home averaging at the MPC. for an individual in

the public. uZ&



are rather tenuous, Healy has used the

phrase decision level and states that its

use is to serve as a signal that further

careful investigation is warranted,

Healy's decision levels for soluble

2395, are given in column 1 of Table 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 potential exists for

greater dose contributions from these in-

frequently considered pathways than frem

. the usually considered pathway of resus-

pension as calculated for ambient air.

This conclusion would be the same for

insoluble 729Pu, Therefore, if dose

calculations based on the usual resus-

pension pathway should appear limiting

compared to other pathways such as food-

chain transfer, these pathways considered

by Healy need to be carefully evaluated

for the specific Enewetak situation,
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APPENDIX IV

Annual Bone and Whele-Eody Doses



1. Introduction

 

The purpose of this appendix is to evaluate the potential annval

bone doses far adults and children for the six living ratterns considered

in the Enewetak Radiological Survey Report (nvo-140). The bone doses

presented in NVO-140 were calculated fur mineral bone for adults as

integrated doses for 5-, 10-, 30-, and 70-yr pericds. Fone and whole-

body doses to children were not considered separateiy because in most

of the food-chain dose and there is evidence to show that doses to

3 > + 2 eo LET - 24 . rh ~h + 4+children from ingestion cf Cs @re usually less than these tc adults.

Strontium-90 dirrers vrom ~~'Cs. Doses to children can exceed adult

 

doses; however, the

ur1 to 5 yr ignst iarge ani increases the integral 30- ana 7C-yr doses ty

enly a few percent. With the uncertainties involved in sther rarts cof

the dose assessment, for example the actual diet at time of return, the

4differentiation between chiid and adult intesrated dcses was not included

in the tatles.

c
tBecause of the magnitude cr some of the 30-yr in real bene doses, it=

c a
y

was decided that annual bone doses should be evaluated to indicate the

 

living patterns and agricultural situations which are within FRC cuidesal
e} w

for annual tone doses. The more detailed assessment of tone acses is

directed at estimating the dose to the critical cell forulation at risk
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in bone - the tone marrow

calculated in the original recor MVO-140). In edertialculat n the original rerort (NVO t

we are following the

. mo
ierof Spiers used b

The following

the doses to the fet

also the

2. Dose tr Fetus

The Sr/Ca ratio

the Sr/C2

text

vu

dietary changes which are assumed

in

recommendations of the ICRP (ICRP-11)

CEAR (22).

considers the informaticn availatie

co“

Tor children.

 

 

 

» the newborn, and children relative

 

nz this approach,

for estimeatin g
a

to adults, and

placental barrier and are.

In fact, the ciserved

+ ae (roi 7’Sr/- Os)
(OR= = the

(iol vars Ve]

Sr/Ca ratio of the Petus the

methers’? milk.

There is considerable evidence tc show that the CR milk/diet for

. . ae - 7 33D . .
human breast milk is in the ranse of 0.1 to C.16.°°? The sare chserved

23 : nae 4 > : ayie 3 i,¢ratio exists for the fetus end newborn relative to the adult diet.

This ratio has been observed directly and can also be caiculeted from

1.4
data whi indicate that the averase CR tcoay,/ciet Tor adults is 0.25;7°7

wnen this is combined with a further discriminaticn of approximately a

factor of 2 across the vlacental or marrary membrane, the range of values

of O.1 to O.1o for milk or fetus is obtained.

Ve 99- TSe
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As a result, the Sr/Ca ratio in the fetus and newborn is approximately

1/8 to 1/10 that of the adult, and the resulting dose to the fetus is less

than that to adults.

The dose to a young infant teing breast fed wili of course also be less

than thet calculeted fcr adults. The OR body/diet Tor young infants is

0.9;294 that is, th wD young infant nearly equilibrates with his diet.

However, the mothers' milk, as discussed previously, has a Sr/Ca ratio

~ 90.1 that of the adult diet. The OR body/diet then decreases tc 0.5 for

a l-year-old and by atrrroximately 2 or 4 years of ase has reached the adult

2,4,6
value of 0.25.

Sirilsr data are available for Cs. Cesium-137 is metabolized an

E
turned over rore rapidly in preenant women than in nonpresnant women. °

As a result, Cs incorroration in the fetus and the resulting exposure

are less than would be exrected from normal retenticn times coservea Tor

adults. Exrerimental cata further indicate that. for the fetus and Tor

breast-fed infants the concentraticn o

exceeds that of the mother or of other adults.

in reports by Rundo,” iinura et al., and Cook and Snyder. the dose

137
calculated for an adult for Cs is a conservative estimate for the fetus

and the newborn.

 

Cs — A considerabie body oF evidence is availabdie which indicates
 

>

Cs in the body is a function of age, with a more

rapid turnover for younger ages. ' The biological half-time arrears to

+ “ys

R ~ (ig



be the order oF 10-15 days for 1l- to e-year-old children and increases to

~ 100 days by age 20. It then remains reasonably constant throughcut

adult life. The body mass is less for the younger azé ercups, and these

two factors tend to offset each other in dose calculeticns. Doses to

children are generally less than for ejults as a resuit of the corbination

of these two offsetting factors. when the relative adistary intake is

included, children receive a lesser dose than aculis. Therefore, dose

(D 14
)estimates Yor adults are usually a conservative estimat

go 15 16 : 17

9

Sr — Reports by. Loutit,
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than 6 yr, including: adults. However, the turnover rete is much more

90
rapid and the retention time mach shorter for “Sr in aces 1-5. The

“ -_ nm 4 ~ a4 aas7 . meen = ,—=tf . 2 ~ + aedose, and the dose commitment resulting frem a specitied ingestion of

. ~ = om : ~ = . * . shee oO ae - a *

resulting Gcse to chiicren, therercore, is not straishvrtirwara and is
9

acpendent urcn the relative interaction of these two Tactcrs.” Any

of these factors. as well as the difference in dietary intaxe. The mocel

+ Doerr OT 226 5 = , = tinggi ft L a }repertec cy Bennett is thererore used ror estimating whe doses te chisaren.

4. Dose Models ena Diet
 

O Os mm b
t

4 QO
.

{> < m }
-
-

©
)

d
S (D f
u mY K
H 4]1 hy r
h

oO iy 4 w a o
e i}Y c+ k
e 4 6
4 c
l wy r
y
'

©) i o
O f, ) n oO In
,

Ky © rH

 

0 _ . . . LU-20 5
7 Sr are considered to be age invariant.” & recent model Iromingested

16. | —, oa ol,
Bennett goes model the child serarately from the adult. and this model is

applied for estimating the bone doses te children.
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The bone-marrow dose-rates t

Bennett's model for children

1
)

and used in the UNSCEAR report

the mineral or matrix pone dose

doses, to bone-marrow and endost

respectively. Eennett's model a

is combined with the Sriers aprr

doses to adults.

The bone mass is- assumed to

o children are calculated by combining

-;+
h the approach develored by Srier

for estinating bone-marrow dcse from

The values used for converting Le

eal cell d are 0.314 and 0.434

lso extrarolates to the adult case and

cach for predicting the pone-narrow

correlate directly vith

271

these data as a function of age are taken from Sriers. These tcdy

masses are based upon averace data fron the U.S. rorulavion and a factor

of 0.85 was incorporated to account for the smaller sire of the

Enewetakese. The calcium concentraticn in tone (eCe,g cone) as a

1S :

function oF age is taken freom Hennett.7~

In calculating the mineral tone cose (D, dose) in IVd-1-S, the

x tanol& > .
approach of ICRP” was Tollowed, using a ef = 1 and n=5. The doses

a2

calculated from this model are compared to the 3-rem'yr guide (ICKP $)°”

for bone for general public. However, in assessing the annual dose to

both children and adults, the bone marrow is taken as the critical organ,

. “oe . meas aaett .
and the recommendaticns in ICHP il are usec.

In this rodel the quality factor is still one (GF = 1), and the *n"

factor is no longer arplicable. The bone marrow is considered in the

category of sensitive plood-farming organs, and the ccerresponding dsse

guide for such organs is 0.5 rem/yr rather than the 3 rem/yr for

mineral bone.

te be wo



1 - : : 1 wa .
3705 -— In the dose model for 3705, it is assumed that the loss of
 

137Cs from the body can te described as an exponential loss with a

. . . a 10-ib
turnover tire that varies as a function of age. The annual dose

is calculated, always taxing into account the residual body curden from

: : e . e . el
the previcus year. Body mass as a function of age is taken from Sriers.

Initial dietary, intakes are caiculated and doses are predicted, based

137
upon the initial intake and the exponential loss of Cs in the diet at

13Tos,a rate equal to the physical haif-time cf

Diet — The diet for adults is that iisted in the original report

NVO-140, For children from ages 1 through 10, the intake of ecconut

milk and coconut meat is doubled to 600 and 200 g/day, respectively.

These two products are the rost likely to be consumed in greater quantity

by children than by adults. The rest or the diet for children is assumed

to be one-half of the adult diet.

At age 10, it is assumed that the child is on the Tull aduit ciet.iv
e

From information available, this is a conservative assumption in that

children are not usually considered to A i ch the averace adult intake

until age 14 or 15. Eowever, because of the diet chenzes which cecur

at 10 yr (i.e., randanus, breadfruit, coconut. etc., which become

available) it is eccenvenient to use this point for adjusting the child c
t

oi

the adult diet, and if anything, this adjustment produces a slightly

conservative dcse estimate for the children due to the hisn

in the adult diet.
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The results of the calculations based ufon the models described above

and upon the diets listed in i7VO-140 and altered for children as previously

discussed, are listed in Tables 1-8. The data are presented as maximum

annual bone-marrow and whole-body deses. The living patterns are listed

after Tables 1 and 6 for convenience of reference; they are the same as

those listed in Nvo-140.

The annual doses for external exposure and for food chain exposure

137 9from Cs and “sr are calculated for 7O yr, beginning at either age

locr ase 20. The three different components contributing to the dose

produce a raxizun dose at dirferent times. The external corrcnent, fer

instance, is maximum at lyr and decreases thereatter with the physical

half-life of ““'Cs and “Co; the effective decay depends cn the rarticulsar

dose several years after inteke of the nuclide tegins. The year oF

upon whether or not a diet chanse is involved at some point in time. The

dosaze from s incorporated in rman via food cheins tends to peak cariv

and decreases exponentially therearter. The annual dose is then selectec

for the years at which the sun of these three comronents was rmaximur.

The meximur a@nnual bone-marrow doses are listed in Table 1 Tor the

case where no restrictions are placed uron the lccation of agriculture ana

9 f
k 4 3source of the diet and no modifications are made for extern

village islend. Teble 2 lists the results for the case where no restriction

iL¥- O8



are placed uron the diet put where the village island has teen modifiedY

by plowing and graveling. Living Pattern 1, where the hore island and

agriculture are on southern islands, is the only living rattern fer these

two situations where the total bone-marrow doses do not exceed 50% of the

FRC guide; in this instance, it is less by a factor of 5. All other

living patterns lead to an annual dose which for at ieast 1 yr, and in

most cases several years, exceeds the FRC guide.

a

The results also indicate that there is not a great deat of difference

between the predicted child and adult raximum annual coses. This is due

. 4 + . > aes : wae 5 90
in part to the assumed diets oF aduits and chiicren end the large sr

137
and Cs intake via the focd chains for such troducts as 1.andanus,

breacfruit, coconut, and meat. For coccnut milr anc coconut meat, the

”
reacrruit are grown cn scuthern isianac only. as a resuit cf thislo

gans

action, three living ratterns fali within 5C% of the FRC guide — Fatterns i,

2, and 5. When pandanus, preadfruit, coccnut, and tacca ars all confined

to southern islands, then Livins Pattern 2 alse fails within the guide

c
f(Table &). If the tctal diet is confined to the southern islands, then

all living patterns are within FERC cuide, and the only variation amcne.v

dD OC

living patterns is the result cf the difference in external exposure for

each of the situations (Table 5). For ail the cases where there is 4

restricticn on the agriculture and diet, it is assumes the villegs island

will be plowed and grave

LV-G9



Similar resuits for whole-body exposure for

agricultural situations resented in Tablesare t
S

restrictions on the diet, Living Patterns 1, 2,

guides. Therefore, the bone-marrow is the mare

ditions are used, theHethe other asricultural co Ho
]

iDfall below the FRC guide are the sar.

1V-4e

as these for the

the four different

6-10. With no

pone-marrow dose.
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Table 1.' Maximum annual bonemarrow dose (rem),

No restrictions on diet

Village island unmodified for external gamma

 

Start Januarv 1974 Stert January 1984
  

 

Living Pattern Child ? Adult # Child > Adult

1 0.047 0.045 0.047 0.043

2 0.314 9.294 0.282 0.290

3 0.790 0.760 0.759 0.754

4 2.27 2.15 2.17 2.13

5 0.361 0.348 0.333 0.344

6 1.10 1.04 1.03 1.02

Living Pattern Village island Agriculture Visitation

 

a

1 (A) Enewetak-Parry

Z2 {(B) Enewetak-Farry KATE-WILMA + LEROY

3 (D) JANET JANET

4 (F) BELLE BELLE

5 (C) JANET KATE-WILMA + LEROY

6 (E) JANET ALICE-TRENE

ALVINXN-KEITH

Diet change at 10 yr., i.e., 1984.

Diet change at 10 vr., i.e. , 1994,

Southern Is.

Northern Is.

Northern is.

Northern Is.

Northern Is.

Northern Is.



Table 2. Maximum annual bonemarrow dose (rem).

No restrictions on diet

Village island graveled and plowed

 

  

 

Start Januarv 1974 Start January 1984

Living Pattern Child # Adult 9 Child © Adult

1 0.047 0.045 0.047 0.043

2 0.314 0.294 0.282 0.299

3 0.718 0.677 0.680 0.672

4 2.08 1.92 1.93 1.90

5 0.317 0.300 0.285 0.296

6 1.06 0.989 0.988 - 0.977
 

Table 3. Maximum annual bonemarrow dose (rem).

Fandanus and preadtruli irom soutnern islands

Village isiand graveled and piowed

 

Start January 1974 Start January 1984
  

 

 

Living Pattern Child ? Adult ? Chila © Adult

1 0.047 © 0.045 0.047 0.043

2 0.148 0.149 0.200 0.142

3 0.293 0.294 0.418 0.284

4 0.786 0.774 1.16 © 0.749

0.151. 0.178 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.
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Table 4. Maximum annual bonemarrow dose (rem).

Pandanus, breadfruit, coconut, tacca from southern islands

Village island graveled and plowed

 

Start January 1974 Start January 1984
 

 

 

Living Pattern Child ? Adult Chi1d? 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 0.392

5 0.121 0.135 0.094 0.106

6 0.253 0.354 0.202 0.254
 

Table 5S. Maximum annual bonemarrow dose (rem).

Total diet from southern islards

Village island graveled and plowea

 

Start
  

 

 

Januarv 1974 Start Janucry 16S4

Living Pattern Child * Adult * Child Adult

1 0.047 0.045 0.047 0.043

2 0.097 0.091 0.071 0.069

3 0.094 0.094 0.077 0.079

4 0.199 0.193 0.133 0.129

5 0.096. 0.096 0.074 0.074

6 0.189 0.215 0.123 0.134

@ Diet change at 10 yr., i.e., 198

> Diet change at 10 yr., i.e., 1994.

iVW- 4é
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Table 6 Maximum ennual whoite-body dose (rem).

No restrictions on diet

Village island unmodified for external gamma

 

  

 

 

 

Start January1974 Start January 1984

Living Pattern Child® Adult” Chila? Adult

1 0.035 0.039 0.038 0.039

2 0.234 0. 236 0,200 0.233

3 0.619 0.630 0.53) 0.628

4 181 .° 1. 80 1,54 | 1. 79

5 0.285 0.291 0.252 0,291

6 0. 798 0. 812 0.674 0.802

Living Pattern Village island Agriculture Visitation

} * (A) Enewetak- Parry ALVIN-KEITH Southern Is.

2 (B) Enewetak-Parry KATE-WILNIA + LEROY Northern is.

3 (D) JANET JANET Northern ls.

4 (F) BELLE BELLE NorthernIs.

5 (C) JANET KATE-WILMA + LEROY Northern ls.

6 (E) JANET ALICE-IRENE NorthernIs.

 

a
Diet change at lO yr., i.e., 1964.

Diet change at lO yr., i.e., 1994.



No restrictions on diet

Village island graveled and plowed

Table 7, Maximum annual whole-body dose (rem).

 

Start January !1974
 

Start January 1984
 

 

 

bLiving Pattern Child” Adult” Child Adult

1 0,039 0.039 0.039 0.038

2 0, 234 0, 236 G. 200 0. 233

3 0. 540 0, 542 0.452 0. 540

4 1. 56 1.55 1. 30 1,55

5 0. 237 0. 241 0. 204 0.240

6 0. 749 0. 761 0. 631 0.757

Table & Maximum annual whole-body dose (rem),

Pandanus and breadfruit from southern islands

Village island graveled and plowed

 

Start January 197
 

4

=

a

Start January 1°64
 

 

 

Living Pattern Child* Adult Child? ‘Adult

1 0,039 0,039 0.039 0.038

2 0. 125 0.128 0.146 0.127

3 0. 245 0,252 0. 304 0, 249

4 0. 662 0. 663 0. 846 0. 656

5 ‘O.1285  - 0.1335 0.149 0.132

6 0. 350 0, 367 0. 430 9.363

"Diet change at lO yr., i.e., 1984,

Diet change at lO yr., i.e., 1994.
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( cklte 9. Maxirnum annuel whole-body dose (rer).
4

Pandanus, ‘eadfruit, coconut, and tacca from southern islands

Village island gravelec and piowed

 

Start January 1974
 

Start January 195-4 

 

 

Living Pattern Chila® Adult” Chita? Adult

l 0.040 9.9039 0.039 0,039

zZ 0.09) 0.122 0,078 9,095

3 0.146 0.187 0.119 0.151

4 0.357 0.475 0.280 0.355

5 0,093" 0.127 0,085 0.698

6 0.2346 0. 3228 0.166 0. 241

Table 10, Maximumannual whole-body dose (rerm)}.

Total diet from southern islands

Village island graveled and plowed
 

Start January 1974 Start Jenuary 1o--
 

 

Living Pattern Chila~ Adult” Chia? Adult

1 0,040 0.039 0,039 0,039

2 0,090 0.083 0.065 0.066

3 0. 0&7 0.097 0.070 O.07¢

4 0.192 0.191 0.126 0,1 Zo

5 6,089 0.094 0.066 0. O71

6 0.182 0.21} 0.116 g.131

 

“Diet change at 10 yr.,

Diet change at lO vwr.,

i.e. , 1984,

i.é€., 1994,

 

e
e


