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REPORT BY THE TASK GROUP OM 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 understandigg of the total
radiological environment of Enewetak Atoll to support judgment as to whether
all or any part of the atoll can safely be reinhabited and, if so, to des-
cribe cleanup actions to be taken by DOD and any constraints. These tasks

are identical to those performed for cleanupvand rehabilitation of Bikini
‘Atoll and that experience has greatly aided the development of recommendations
for Enewetak.

Radiological survey field operations were conducted between mid-October
1972 and mid—Fébruary 1973, Samples taken in the field have been analyzed
and complete results of the survey have been published as a Nevada Operations
Office document (NVO-140), Enewetak Radiological Survey, Vols. I, II, III,

An abstract of NVO-140 is presented as Appendix I of this report, and the
"Summary of Findings' chapter is reproduced here in Appendix II.

In July‘1973, a Task Group was established to review the survey findings
and to prepare cleanup and rehabilitapion recommendations for consideration
by the Commission. Members of this Task Group are: Mr. T. McCraw (AEC/0S),
Dr. W; Nervik (LLL), Dr. D. Wilson (LLL), and Mr. W. Schroebel (AEC/DBER).
Advisors and consultants to the Task Group have included Dr. E, Held (AEC/REG),
Dr. R. Conmard (BNL), Dr. H. Soule (AEC/WMI), Dr. N. Barr (AEC/DBER), Dr. R.
Maxwell .(AEC/DBER), Mr. L. J. Deal (AEC/0S), and Mr. R. Ray (AEC/NVO). Staff

liaison representatives from DNA, EPA, and DOI attended Task Group meetings.
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The job of the Task Group is to recommend t;or consideration by the
Commission, radiological criteria for cleanup and rehabilitation of Enewetak
Atoll and to recommend those remedial measures and actions needed to
reduce exposures of the Enewetak people to levels within these criteria.

The objective is to keep exposures as low as practicable. The Task Group,
a&visors, and consultants have carefully reviewed the AEC Radiological Survey
results; current information on the life style; diet, and rehabilitation
preferences of the Enewetak people; applicable radiation protection guidance
established by various national and international radiation standards setting
bodies; and current laws and regulations pertaining to disposal of radioactive
waste materials, .

The recommendations that were developed are those that, in the judgment
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 Enewetak people considering they will be long-term residents on the
Atoll. Recommended measures for Enewetak Atoll are very simular to those
that guided cleanup and rehabilitation of Bikini Atoll.

TASK GROUP STATEXENT CONCERNING THE RADIOLOGICAL SURVEY RESULTS

After thorough review of the Radiological Survey Report, tﬁe Task Group
makes the following observations:
o The survey provides an exceptionally complete data base for
estimating radiation doses. It includes the results of an
aerial gamma radiation survey of land area plus radiochemical
data from the analysis of over 4500 samples of air, soil, &egetation,

sediment, water, and marine and land animals.
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e The survey reporf, plus the Master Plan for Rehabilitation and re-
settlement of Enewetak Atoll*, provide information on possible
living patterns and diet of the Enewetak people.

e Several important components of the Enewetakese diet are either not
now avéilable 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 i;:lands. Bread-
fruit, pandanus, tacca, and coconut must be planted and will begin
to produce crops after about 8 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 Rongelap. 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.

o Air sampling at Enewetak, accomplished largely during a 3 week period
in December 1972 on uninhabited northern islands, showed extremely
low levels if airborne radiocactivity. Comprehensive air sampling
during 12 consecutive months under conditions closely approximating
human habitation and soil disturbance would provide more accurate

data on which to base inhalation exposure estimates.

*The report, '"Enewetak Atoll Master Plan for Island Rehabilitation and
Resettlement,”" (3 Vols.), Holmes and Narver, Inc., MNov. 1973, contains
information on the preferred living pattern for resettlement of Atoll
obtained prior to completion of the AEC evaluation of radiological survey
findings.: The people are to be given another opportunity to express their
views on the remedial acticns under consideration by the AEC after they
have been informed of radiological conditions in the Atoll, and the
subjects of radiation exposure, radiation standards, radiation protection
objectives, and remedial measures and their effectiveness have been discussed.
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e The Enewetak people adviée that catchment rainwater is\the customary
principal source of water for human congumption. Excepf in
emergencies, water from underground lenses is not consumed.

Samples of underground water were'not obtained during the survey,
and radiochemical anaiy;ical data on lens water is limited to that
obtained from a few samples taken on JANET in 1971. A thorough lens
water sampling, analysis, and assessment program requires sampling
through a full rain-dry season cycle, 12 consecutive months at

a minimum. Arrangements for sampling fresh water lenses are

being made. This work will be done by AEC.

o It is the opinion of the Task Group that the results of additional
alr sampling or lens water sampling probably would not significantly
change the dose estimates in NVO-140 nor change the recommendations
of this Task Group. . |

" RADTATION CRITERTA RECOMMENDED BY THE TASK GROUP

A review of the radiation protection standards and guides considered by
the Task Group to be applicable to Ernewetak is presented in Appendix III.
This review indicates that the numerical standards and radiation protection
philosophy of both national and international standards bodies are similar.
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:.

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

minimum practicable level.
e The Federal Radiation Council (FRC) Radiation Protection Guides

(RPG) for individual and gonadal exposures are recommended as the

criteria to be used in evaluating the various radiation exposure
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options. The numerical guidance therein should be reduced by the
factors of 50 percent for individual exposure and 20 percent for
gonadal exposure considering that exposures cannot be precisely
pfedicted. The detailed rationale for these reductions is provided
in Appendix IIT. The resulting guides for planning cleagup actions

will then be:

Whole body and bone marrow - : - 0.25 Rem/yr
Thyroid - ‘ 0.75 Rem/yr
Bone - 0.75 Rem/yr
Gonads - 4 Rem in 30 yr

o Since there is no adequate scientific information which would support

general guidance for cleanup of plutonium contaminated soil,

guidance can only be developed on a case-by-case basis using con-

servative assumptions and safety factors. With this in mind, the

Task Group recommends the following for ﬁse in making decisions

concerning 239Pu cleanup operations at Enewetak:

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

b. 40 to 400 pCi/gm of soil - corrective action determined on a
case-by~case basis* considering all radiological conditions.

c. > 400 pCi/gm of soil - corrective action required.

ASSESSMENT OF DOSES AND THE RESULTS OF ALTERNATIVE CORRECTIVE ACTIONS

The Task Group appreoach for development of judgments and recommendations
for the radiological cleanup and rehabitation of Enewetak was to consider
a number of alternatives for exposure reduction that may be feasible. Basically,

the procedure involved four steps:

*See Appéndix IIT for additional guidance.
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e Assessment of doses for a population living on the Atoll in its

current radiological condition.

® Assessment of dose reductions tha; might be expected due to modifica-

tion of the diet.

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

of contaminated soil.

e Comparison of these dose assessment matrices with the population dose

guidelines used by the Task Group.

The Enewetak Radiological Survey Report (NV0-140) contains estimates for
average population doses on the Atoll for 5, 10, 30, and 70 years in its
current radiological condition and for six living patterms covering a range
of exposure conditions and including the pattern considered to be most

representative of the Enewetak people's desired life style after they return.
12 1 £or tho cdx 1iving sottorne 2ocumed,  In pdddition doce ectimntec
are made for each of these living patterns for each of the following corrective
actions:
e Gravel the village area and piow the village island.
e Import pandanus and breadfruit from the southern islands (ALVIN-
KEITH) for inhabitants of the northern islands.
¢ Import pandanus, breadfruit, coconut aﬁd tacca from the‘southern
islands.
¢ Import pandanus, breadfruit, coconut, tacca, and domestic meat from
the southern islands. |
The estimates for 30 year whole body doses in the Survey Report are
summarized in Table 1 of the Task Group report, and 30-year-bone dose

estimates are summarized in Table 2. Note that the option for "Gravel Village

Area - Plow Village Island," achieves a minimal reduction in radiation
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exposure of whole body and bone for all living patterns, an§ those living on
JANET would have to import most foods to avoid exceeding a Lhole body
exposure of 4 rems in 30 years.

Population dose guidelines used py the Task Group include annual dose
rates as well as 30 year integrals for genetic doses. Appendix IV provides a
detailed description of the-calculations leading to estimates of maximum annual
exposure for the critical organ of the segment of the population expected
to receive the higheét exposure. A detailed agsessment of dose was made
considering dietary changes that can be expected to occur with time and
with age as these would influence dose to the fetus, the newborn, to
'children, and to adults. Estimates are developed both for persons who
are adults when they return and for children born after return of their
parents to the Atoll. Dynamic situations were evaluated such that exposures

in the highest year are predicted. These estimates are not therefore average

merrmssnTl csnTiimnmn ATt mnalhT A AvrAasw A mAawtAd AF E3wmn Armd AveAachrirac In o Aathar
SULTBlL VaLUlD OpPLil22.C CVET 4 pllill T ~_.C, onT crmpoouroes Tt oLagl

years should be lower than the predicted dose.

Conservative values have been selected for variables in models for
assessment of expected doses. Thdugh conservative, the estimates are not
considered ultra conservative and do not constitute the theoretical
maximum credible or worst case exposure. These conservative estimates of
expected maximum annual exposure presented.in Appendix v afe considered by
the Task Group to be applicable to individuals in the Enewetak populaticn,
There will be few persons within this population at any one time who are fetus,
newborn, or infants, believed to be the most sensitive mémbers. Therefore,
.the predicted exposures are judged suitable for comparison with FRC exposure
guides for individuals within an exposed popﬁlation. Tables 3 and 4 show

estimates of the maximum annual whole bod& and bone dose.

e



In considering the reduction in exposure that may be a;Lievable through
removal of contaminated soil, the Task Group has taken the position that these
predicted exposures are approximations oply; The effectiveness of such actions
to reduce internal exposures that come through the food chain must be con-
firmed through analysis of test plantings. The Task Group does not favor soil
removal as a deﬁendable or feasible exposure reduction action for the dietary
pathway. However, such action is reviewed in the Task Group Report in order
to present a complete picture of the various possiblities considered.

In its assessment of dose reductions that might be possible due to
removal of contaminated soil, the Task Group posed the following question:
"Given the dose estimates of Tables 1-4, and the dose reductions that can
be expected due to the indicated actions, can equivalent dose reductions

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

Avrnd Fram aantamdmatrad $0Tand~?21! Tom Avdas A addvnnee t+thiac AnvactdAn
cwVweC = . Z! - < ==

- — —— e a e e e -

ke reomeow £ contominaecd and
one must know or have estimates of the areas to be used for housing and
villages, for gréwing 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)
would be used as a residence and agricultural‘islahd if this wére feasible.

. Aej (OLIVE), Lujor (PEARL), Amon (SALLY), Bijile (TILDA), Lojwa (URSULA), and
Alamebel (VERA) are intended to be used as agricultural 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 ft2, assuming an a&erage housing area to be 200'

x 200' in size), a community center (200,000 ftz), subsistence agricultural -
areas (1,100,000 ftz), and commercial agricultural areas (7,300,000 ftz).
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In order to get an approximation of the amount of soil that would ﬁave
to Ee removed to bring about a given dose reduction, one needs to determine
the three dimensional distribution of the radioactive contamindgtion. Figure 3
shows the average 908r activities (pCi/gm) in soil samples collected to a
depth of 15 cm on JANET. Similar figures for 137Cs, 60Co, and 239Pu may
be found in Appendix II of NVO-140. In addition to the 15 cm deep samples,
radiocactivity distribution as a function of depth ("profile samplesﬁ) was
measured in fourteen locations on JANET. Data’from these profiles are presented
in Figs. B.8.2.a-n of Appendix II of NV0O-140. 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 layer by a factor of 10. In addition,
as the depth increases the slope of the acti&ity—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 90Sr.

In an attempt to quantify this distribution and obtain an approximation of
the "average pfofile" for calculational purposes, 90Sr and 137Cs data for each
of the fourteen profile samples have been reproduced in Tables 6 and 7. The
average values for 90Sr for each sampling depth are plotted in Fig. 4. It is
apparent that from the surface to about 30 cm the 908r specific activity 1is
decreasing with a "soil half thickness" of 8.4 cm, while in the 30 to 85 cm
depth range ;he half thickness increases to 22 cm. The levels do not get as
low as those found on the southern islands (V0.5 pCi/gm) at any depth down to
180 cm. Those profile samples which lie in or closest to the subsistence
agricﬁlture areas of Figure 2 have been averaged and plotted in Fig. 5. In
this set, the half thickness is only 4 cm from the surface to 10 cm, but
increases to 25.5. cm in the 10 to 85 cm depth range. Similar treatment of the

137Cs data 1is plotted in Figs. 6 and 7. In Fig. 6, where all samples are
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averaged, the half thickness is 4.5 cm down to about 10 ecm, and 12 cm from

10 to 85 cm. Levels equal to those found on the southern islands (0.2 pCi/gm)
are found at depths below about 100 cm. 1In Fig. 7, the subsist;nce agriculture
case gives a half thickness of 2.7 cm down to 10 em, and 17.8 c¢m from 10 to
85-cm.

For both 905r and 137Cs it is apparent that the profile averaged over all
samples is more conservative than is the profile for subsistence agricultural
areas for estimating the effects of soil removal; therefore, the Task Group
has used Figs. 4 and 6 for estimating dose reductions that might occur due
to removal of soil.

In making these dose reduction approximations, one must keep two things

in mind; first, that the NVO-140 dose estimates for terrestrial foods grown on

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

1 - A mcvmmmanmn mad T e it e T L S e ~N . .
plontc zond overoge ccoil cocaccntrations in the 0-15 cuw acuuy.t.cb \Lile 2) dDiuce

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 and 6.
Estimates of dose reductions to be expected due to removal of soil to a given
depth, therefore, require an estimate of the ratio of the average concentration
of the nuclides of concern in the 0-15 cm depth of the newly exposed surface

to that for the surface which is present now. This approach does not considef
the radioactivity in the soils deeper than 15 cm which_may be important,
particularly for plants with roots that penetrate deeply into the soil. Table 8

90 137Cs for each 15

presents these average concentrations and ratios for “~Sr and
cm increment from the present surface down to 105 cm as derived from Figs. 4
and 6. These estimates indicate, for example, that removal of 15 cm of soil

may reduce the terrestrial food dose due to 9OSr by a factor of 3.3 and that
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due to 137Cs by 3.2. However, such reduction may or may not be actuallf
achievgd. The Task Group believes that subsistence crops should not be planted
on an island if use of the food produced is questionable. Measurements of
radionuclide content of fruit from test plantings would be needed to determine
the effectiveness of soil removal actions.

Using the data of Table 8, one may assess the dose reductions that might
occur due to specific cleanup actions on JANET. Table 9 shows the doses
that might occur due to seven different conditions. Case DI represents
the contributors to the 80 Rem bone dose of Table 2 using vaiues for QOSr and
137Cs averaged over all of JANET. Case DI-1 indicates that if subsistence
agriculture is limited to the area shown in Fig. 2 (i.e., along the lagoon

shore) the»gOSr and 137Cs levels may be reduéed to such an extent that the

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

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

influences only the external gamma dose. Removal of successive 15 c¢m layers
of soil in the éubsistence 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 Rem.

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 sqil in areas where these trees are
to be grown. For case DI-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 bone dose may drop from 57 Rem to
29.7 Rem (i.e., 57-39.1 + 11.8). If an additional 15 cm layer is removed,

the dose ﬁéy'drop to 23.7 Rem.
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Another action that would achieve the maximum dose reduction that can
be expected is through importation of clean soil from the southern islands or
from outside the Atoll. 90Sr 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 maximgm 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 90Srvlevels higher than those
found in the southern islands. Any replacement soil should be goarse and
granular. Such soil is less likely to blow away or wash away. Given these
conditions, the 57 Rem bone dose of case DI-1 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).

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 removal and
replacement areas using various fertilizers and trace minerals, and analysis
of radionuclide content of the fruit produced. There is the possibility that
radiocactivity in the fruit could be reliably predicted from analysis of
stems and leaves of young and as yet unproductive plants. This would require

additional study.
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In the commercial agriculture areas of JANET and the other northern
islands the item of concern is the radioactivity level of coconuts i.e.,

"Can the Enewetakese sell their copra?” Data in NV0-140 (pg 560-562)

137

indicate that Cs 1s the principal man-made radionuclide found in coconut

137Cs (soil) at 137Cs soil

concentrations greater than 4.7 pCi/gm. NVO-140 also indicates that 4OK is

meat, with the relationship 13?Cs (copra) = 1.33

found in copra at an average concentration of 6.8 pCi/gm. Since 4OK is a
naturally occurring gamma emitter that has always been present in copra, one
way to judge the acceptability of copra grown in Enewetak Islands is on the
~ basis of its 137Cs content relative to the naturally occurring 4OK. If the
137Cs content in soil is less than 5.2 pCi/gm, for example, the 137Cs content

of the copra produced may be less than its 4OK content. One could hold the
position that marketability should not be affected if the fission product
radiocactivity makes less contribution to consumer expesure than naturally occuring
radioactivity in the product. Table 10 shows the mean 137Cs soil concentration

137

and soil removal actions that may reduce the Cs concentration in copra to

values equal to and twice that of the natural 40K for all northern islands
(average profile data for PEARL, ALICE, BELLE, and CLARA, plotted in Figs.
8-11 and included in Table 8, were used in the calculations for each of these
islands).

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

137CS/40

condition should yield copra with an average K concentration ratio of

about three. Removal of a 6 cm thick layer of soil may reduce this value

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

of 137Cs and 4OK. Note that for islands planned to be used for commercial

1 .
" agriculture, it is possible that only JANET and PEARL have 37Cs so0il values

137

high enough to yield cépra with a CS/4OK ratio greater than 2. Test
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pléntings of coconut would be needed in areas where removal of soil has
been conducted and the level of 137Cs in coconut meat analyzed before any
comﬁitment is made for planting of coconut trees in commercial Yjuantities.
As previously noted, it may be possible to predict the level of 137Cs in
coconut meat through analysis pf stems and leaves of immature trees. This
would save time.

The Task Group points out that measurable quantities of tests related
radioactivity will be found in copra from all islands in the atpll, the highest
ievels from the nothern islands. No quarantee can be given for a level of
137Cs acceptable in the market place, however, the level of natural 4OK appears
to be a reasonable guidepost since there has been no requirement to reduce

the level of naturally occuring radiocactivity  in copra.

DISPOSAL OF CONTAMINATED MATERTIAL

For disposal of contaminated material, there appear to be several
categories, each requiring separate consideration:

1. Contamiﬁated scrap, non-plutonium.

2. Contaminated soil, non-plutonium.

3. Contaminated scrap, plutonium.

4, Contaminated soil, plutonium.

5. Pieces of plutonium metal.

Some of Fhe above are below the ground surface such as in burial sites.
Some is 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 objectives for disposal, to list possible approaches for disposal, and

to suggest possible interim measures where appropriate.
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Table 12 and the associated discussion in NV-140, Vol. I, contains'
information on known or suspected burial sites for radioactive debris. The
Holmes and Narver "Engineering Study For A Cleanup Plan, Enewetank Atoll-Marshall
Islands,'" Hn.-1348.1, contains information on the location and quantity of
other above gropnd contaminated scrap.

Considering the relative ;hort radiological halftimes for the fission
products and induced radioactivity found on such scrap and debris, the Task
Group suggests that the objective for disposal is to make this gebris,
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 significantly greater than the radiation level on land.

3. Disposal in deeper portions of the lagoon. It 1s expected that

this would be a modest addition to similar material already there
from paét test operations.

For contaminated soil, other than plutonium, the Tagk Group has not
included removal of such soil in its recommendations 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 radiocactivity and a minimal follow-
up requiremen£ to insure that this sitqation continues after disposal.

" The Task Group view is that because of its extremely 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. 1In its deliberations,

the Task Group has assumed that the disposition of such material will be such
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that there is no potential for exposure of the residents of the Atoll once
cleanup ﬁas been completed. This is then the objective for cleanup.

Recommmendations which follow will treat the questions of how to approach
recovery of quantities of finely divided plutonium in the form of contaminated
soil, contaminated scrap, and fhe pieces of plutonium metal where they have
been found to occur. Appendix III of this repott contains guidance on
decisions to be made on whether removal of plutoniuﬁ contaminated soil is
justified on various islands. It 1is the view of the Task Group—that as a
minimum, cleanup must accomplish the recovery of the plutonium in the form of
contaminated materials, soil and scrap, from the various islands including
buried scrap. To maintain control of the materials and minimize the spread
of contamination, the recovery operations should utilize as few stockpiles
as necessary. YVONNE may be a suitable site for such a stockpile until
proper disposal is accomplished. YVONNE is still under quarantine placed
in effect in May 1972, as a result of an AEC survey that indicated pieces
of metal containing milligrams quantities of 239Pu were on or near the
surface of the island.

It is the hope of the Task Group that deliberation and decisions on
disposal of plutonium contaminated soil and scrap will not delay other cleanup
and rehabilitation actionms.

As fof cbnsidering disposal, th?re appear to be two possibilities:

- 1. Disposal wherein there is an iérevocable commitment of the
contaminant to the environment.

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

change the method of disposal.
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The following ideas have been put forth regarding disposal of plutonium
contaminated soil and scrap: e

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

deep ocean.
2. Make the contaminated éoil into concrete blocks with disposal in
deep ocean or through burial on land..
3. Disposal of contaminated soil in the form of cement poured into
deep drill holes on land with the scrap added.
4. Disposai of soil and scrap in the water filled craters on YVONNE with
a thick concrete cover.

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

as concrete blocks.

6. An effort be made to find a way to reduce the volume and amount of

material requiring disposal.

Any ocean disposal plans must conform with the specific provisions of
applicable regulations governing such disposal and must be approved by the
Environmental Protection Agency. Discussions with the Enewetak people and
their representatives indicate they strongly oppose disposal of radioactive
debris on the Atoll. Any plans for burial of contaminated debris within tbg.
Atoll should be discussed with the people.

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 Gfoup 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.
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TASK GROUP OBSERVATIONS AND CONCLUSIONS \

4

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 and 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 agencies. Their suggestions have influenced
the development of recommendations. Regarding each option, 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 option.
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 methqd for reduction of exposures to the
lowest practicable level is a matter of judgmént and opinion. The Task Group
has deliberated whether actions of an engineefing 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 environment and the uncertainties regarding effectiveness
have been viewed on the one hand, and the question of the extent to which the
Enewvetak people woﬁld comply with restrictions on the other.

NVO-140 and this Task Group report present the radiation doses that may
be associated with a broad range of options and provide data for calculating
doses for other options for anyone who wishe; to do so. The dose reduction

expected for one option can be compared with that of another. Dollar cost
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estimates should be prepared by DNA for the remedial measures recomuended by
AEC; and the impact and acceptability of restriétions can be evaluated through
discussions with the Enewetak Council.

In NVO-140, and in the previous section of this report, dose estimates -
and therefore options - were considered in matrix form (e.g., living pattern
vs. diet, or diet source vs. aﬁount of soil removed). While these matrices
serve to indicate in detail the range of conditions to be found on the Atoll,
the Task Group feels that its analyses and recommendations are presented
more effectively in narrative form.

There are three basic questions to be addressed: 1)"Is the radiation
environment acceptable or can it be made acceptable for the Enewetak people to
return to their atoll," 2)""Is the radiation environment on Enjebi acceptable
or can it be made acceptable for the people to return," and 3)"Are there islands
which are not acceptable for people to conduct their normal agricultural and
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 follewing options (see Fig. 146, page II-3
Appéndix I11):

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 for peréons living
on the southern islands and using agriculturé.only on these islands are well

within acceptable standards.
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Option IT
a. Return to the southern islands (ALVIN-KEITH).

b. Agriculture limited to the southern islands.

c. Travel restricted to the southern islands.

d. No restrictions on fishing.

e. No radiblogical cleanup.

This option (Row A of Tables 1-4) has a zero cost for radiological cleanup
that results in population doses well‘below the guides. It differs 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, IRENE, and in the burial
sites on SALLY, plus generally contaminated areés on ALICE, BELLE, CLARA,
and PEARL, unresolved. Such a choice would eétablish the need for off-limits
areas in perpetuity, at least for YVONNE, since the metallic Pu is expected
to he nracont on the zsurfoce of the island indefiallely uuiess cleaunup is
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 justifybbecause some of the northern islands are lightly
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 subsistence agricultural practices on JANET-WILMA without the radiation
expoéurg criteria being exceeded. Similarly, it is difficult to justify limiting
travel to the southern islands since the ambient gamma levels on the northern
islands do not represent a significant external exposure potential for

occasional visitation.

-20-



Option ITI
-a. Return to the southern islands (ALVIN-KEITH).

b. Subsistence agriculture limited to the southern islands plus JANET-WILMA
except that pandanus and breadffuit are limited to the southern islands.
c. No restrictions on travel.
d. No restrictions on fishing.
e. Remove Pu contamination on YVONNE, IRENE and the SALLY burial sites’
f. Remove radioactive scrap.
This 1is 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 radiocactivity
levels, leaves no hazardous legacies for the indefinite future, and permits
1living patterns which, with high conf%dence, are expected to result in population
doses well below the recommended radiation criteria.
This option does not specify action against radioactivity in soil of the
islands such as ALICE, BELLE, and CLARA, nor does it recommend that residences
be built on JANET. By implication, therefore, resettlement of JANET would have
to wait for radioactive decay and weathering processes to reduce contamination
levels to acceptable values on these islands. Since the predominant isotopes,
137Cs and 905r, each have half-lives of 30 years, the waiting period could
_be slightly more than one human generation for each factor of two reduction in
dose. On the other hand the reduction could ﬁroceed at a somewhat faster rate.
On JANET, reducing the maximum annual qhild's bone marrow dose from 0.72 rem/vyr
(Table 4, Case D-I) to the guide level of 0.25 rem/yr through natural decay of
the 908r would theoretically require a wait of about 50 years considering only
radiological dgcay. It is not expected that such a reduction will actually

take that long.
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Option IV
a. All of Option III a, ¢, d, e, and £, plus:

b. Return to JANET and build residences and community center in locatioms
shown on the Master Plan.

c. Removg a minimum of 30 cm of soil in all areas where pandanus and
breadfruit are to be grown on JANET; import clean soil in which to
establish these plants; or import ﬁandanﬁs and breadfruit from the

4

southern islands.

If these actions proved to be as effective as the theoretical predictions,
this would permit return of the Enjebi people to their island. It should be
emphasized, however, that even with the above actions, predicted doses are
at or above the Task Group criteria for annual exposures and also well above the
30 year gonadal criteria. The levels are expected to be well above those of
Option III.

Option IV ¢ describes three ways in which essentially the éame end can
theoretically be achieved. Importation of food is the most dependable action
but this imposes a long-term burden on the Enjebi people which they may find
objectionable. Removal of soil alone is another alternative, but the
effectiveness of the action is uncertain for reducing population dose since
90 137 - . . 1
Sr and Cs are found so far below the surface on JANET. Importing soil for
areas of subsistence crops such as pandanus and breadfruit would possibly reduce
the dose from these foods to levels Eomparable to those found on the southern
islands, provided that sufficient soil is imported to encompass the entire root
system of the mature trees. The water supply for these crops must not have

radioactivity levels higher than those in the southern islands. How this can bte

insured is not obvious at this time.
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The Task Group considers Option IV a-c, by itself, to be unacceptable
at this time. Even with the actions and restrictions indicateq, exposures
would be too high to provide an acceptable margin within the Task Group
critefia. 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 imp;actical solution to the problem
of excessive internal exposure. Use of a layer of clean soil in areas for food
production is not known to be effective and may be hard to reg;iate. Foods
produced through experiments to determine the effectiveness of this measure
should not be considered for use by people until the results are carefully
evaluated. Use of clean soil for subsistence crops may have little effect
on levels éf 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 possibly
be achieved by:
| d. Removal of 15 cm of soil in tﬁe subsistence agricultural area of JANET.

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

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

90 .
and Sr in the remaining top cm layer of soil - or have roughly the sane
theoretical effect as waiting 60 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.
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Most significantly, however, implementation of Option IV a-e would rembve
a minimum of 15 cm of soil from essentially the entire island of jANET; Since -
the top soil on that island is charitably described as meager, such action
would leave JANET a sand island. Heroic actions would be required to either
reconstitute the remaining soil through use of fertilizers and other
additives, or iﬁport topsoil sufficient to support subsistence and commercial
agriculture. With any of these actions a period of time would be required to
determine the effectiveness of the action. An additional period would be
required after a decision to plant subsistence and commercial crops in
quantity before the island could support its inhabitants.
Option V

a. All of Option IV a-e} plus:

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

2w -

-t ~ .- F. g - 7 - . -
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and 10 cm from CLARA.

d. If pandanus and breadfruit are to be grown on northern islands other
than JANET, the criteria of Option IV c¢ should apply, i.e., plant in
soll having a 9OSr 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 clquded by uncertainties regarding the exposure reduction
that can be achieved through partial soil removal and by selective soil

replacement.
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For comparative purposes, population dose estimates for Options I-V are
presented in Table 11.

RECOMMENDATIONS

Aftef careful review of all available radiological data the Task Group
members' spe¢ific recommendations are as follows:
1. The people of EnewetaklAtoll may be safety returned to their home-
land provided certain actions are taken and precautions observed.
2. In the interest of achieving a minimum practicable radiation dose

for the Enewetak people the Task Group recommends that:

a. The first villages and residences be constructed on ELMER, FRED,
DAVID, or on any of the southern islands (ALVIN-KEITH) that the
Enewetak people‘choose.

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-KEITH.

c. Subsistence and commercial coconut may be grown without remedial
measures on any island in the Atoll except ALICE, BELLE, CLARA,
DAISY, IRENE, JANET, and YVONNE.

d. Fishing be permitted anywhere.

e. Travel be unrestricted to all islands except YVONNE. 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 collected onlv on the southern islands (ALVIN-KEITH).

h. Wells which are intended to provide lens water for‘human consumption
or for agricultural use be drilied only on the southern islands
(ALVIN-KETITH). When drilled, waﬁer from each well should be checked
for bacterie, saiinity, and radioactivity content before the well is

approved for use.

o

.25~



3. 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 3 miles of the
Mike event that had a total yield of about 10 Megatons. According to
the survey results pfesented in NV-140, Enjebi was the most heavily
contaminated of the lafger islands in the Atoll. The Task Group has
been unable to determine any way in which radiation e#posures can be
brought within the acceptable criteria, that is both reliable and
feasible, in order to resettle Enjebi at the same time as islands
in the south of the Atoll. It is reasonable to expect that 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 Enjeﬁi 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 removed.
In either case, housing construction ;nd planting of subsistence and
comumercial crops would be deferred until research with test plantings
showed acceptably low levels of radiocactivity. The Task Group
recommends the second approach as one  having minimal adverse impact
on the island environment.

4. The research program in 3 above should also include a
determination of radioactivity levels in coconut and other food crops
produced on PEARL, CLARA, ALICE, and BELLE. YVONNE should also
be included after removal of plutonium contaminated soil.

5. All radioactive scrap metal and contaminated debris identified during

the Holmes and Narver Engineering Survey should be removed. If
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additional contaminated debris is discovered in the course of cleanup

and rehabilitation operations, it too should be removed. Specifically

included in this recommendation are the three locations on SALLY and
one on ELMER where contaminated debris is known to be buried. This
debris should be exhumed and removed.

The quarantine of YVONNE, put into effect by the Air Force on

May 26, 1972, should be continued in effect until the cleanup of

plutonium contamination on that island has been compleved. Should

any Enewetak people returnlto the Atoll 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 plutonium contamination 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. The area observed to have

pieces of plutonium and the highest soil concentrations is the
interior and shoreline of the island beginning at a line drawn

from the ocean reef to lagoon 60 meters north of the tower (Hardtack

Station 1310) to CACTUS Crater. See Fig. 152, page II-17, Appendix II.

Presented are some of the requirements and objectives that will

establish a background from which plans can bé made for recovery of

plutonium on YVONNE.

a. A team of experts should be assembled who can make and interpret
field radiation and radioactivity measurements, advise on cleanup
actions envolving plutonium and other radionuclides, and provide

;necessary health physics support including protection of workers,
decontamination of workers and equipment, and packaging and

-27-
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handling of collected contaminated materials. A Pub}ic Health

Service group, which is now part of the Enviromental Protection

Agency, EPA, provided radiological assistance for cleanup of

Bikini Atoll. Similar support should be sought from EPA for

Enewetak Cleanup. -

Deeontamination of YVONNE is seen as an iterative process, namely,

removal of soil, monitoring of radioactivity levels, and removal

of more soil. This amounts to a search for the higher plutonium.
levels in soil with removal according to the guidance provided.

The objectives of the cleanup are two:

(1) Recovery of the pieces of plutonium that have been observed
on or near the island surface. Some contain milligram
quantities of plutonium metal and are easily detected with
field survey instruments such.as the FIDLER.

(2) Recovery of plutonium contaminated soil. To a first
approximation, the location of the zones of higher Pu ceon-
centrations are shown in the survey profile samples.

Recovery of plutonium iﬂ soil at concentrations greater than 400

pCi/g 239’240Pu at any depth these levels are found. The

justification is that plutonium at some depth may one day be ét
the surface. Also, recovery of contaminated soil sufficient to

reduce surface levels te a value well below 40 pCi/g 239’240Pu

The justification is to keep air concentrations of resuspended
plutonium to levels well within national and international

standards. After soil removal, all areas should be resurveyed

to ensure no pieces or hot spots of plutonium remain.
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Plutonium contaminated soil on IRENE should be handled the same as

on YVONNE and using the same general criteria for removal except it

is not expected that pieces of plutonium metal will be found.

Since it is recormended that replanting of food crops be limited

to certain islands, test plantings of pandanus, breadfruit, coconut,
and ;rrowroot should be made, as soon as growth can be assured, on
each of the islands indicated for éuch ctops by the Enewetak people.
As edible parts of these élants become available, their concentrations
of 9OSr, 137Cs, 239’240Pu and any other significant radionuclides

should be measured and compared with 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 made on islands other than those listed in 2b. and 2c. above.

Al undergrouna lens water sampllng and analysls program shouid pe
conducted in which samples are taken over a period of at least 12
calendar months. Bacterial content, salinity, and radionuclide content
should be measured, but 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

137

half-1life of 90Sr and Cs below the radioactive half-life on the

northern islands, especially JANET.
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11. A comprehensive air sampling program should be conducted over a period
of 12 consecutive months under conditions closely approxiﬁating
human habitation and expected soil disturbance. This would add to
the body of available information on radioactivity levels in air.
This program could be conducted coincident with and in support of
cleanup operations.

12. Base-line surveys of body burdens and urine content of 137Cs and

905r should be made for the Enewetak people prior to return to

Enewetak Atoll, after the first year of residence, and as appropriate
thereafter. Resurveys of the environmental radiation and radioactivity
levels should be made starting in the first year of return and

repeated every other.year. To be determined is the adequacy of the
diet and the actual average daily dietary intake of radioactivity for
various age grouns for comparicon with satimatred levele and haw
radiocactivity levels in water, air, soil, plants, and animals are
changing with time. (Included should be measurements of radionuclide
content of air and collection of information on the qhemical and physical
form and size distribution of particles in the air containing 239Pu.)

Information from such surveys will provide a continuing check of

the radiological status of the people and the environment and will

13. Considering that the method of disposal of plutonium contaminated soil
aﬁd scrap has not yet been decided, that not enough informatibﬁ is
availabie to determine whether it is feasible to remove plutonium from
the soill to reduce the amount of material requiring disposal, and not
wanting such problemé to delay cleanup and rehabililation of the

Atoll, the Task Group recommends the following:
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14,

15.

a. As a minimum, cleanup should accomplish the recovery of
plutonium contaminated soil and scrap into storage on YVONNE.

b. The YVONNE quarantine should remain in effect with access
controlled and all visitors and workers monitored as for a
rgdiation control zone.

c. If disposal is deferred for further study, such study should be
planned and conducted promptly.

The cleanup phase of rehabitation, i.e., removal and ;isposal of

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

in a comprehensive final report from those conducting the cleanup

operation.

fhe planning and conduct of cleanup, including radiological support

for cleanup, should be similar to cleanup of Bikini Atoll and

advantage taken of that experience. As Bikini people were given

opportunity for employment during cleanup, an equal opportunity

should be given Enewetak people if they desire.
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TABLE 1. 30 Year Integral Whole Body Dose (Rem)

1 I - 11T ' v v
Import Pandanus, Impcrt Pandanus,
Current Condition Gravel Village Import Breadfruit, Brezdfruit,
Living (no corrective Area - Plow Pandanus and Coconut, and Coconut, Tacca,
Pattern action) Villege Island  Breadfruit Tacca ard Meat
A 1.0 _ 1.0 1.0 1.0 | 1.0
B 4.4 4.4 2.2 1.9 1.3
c 5.7 4,4 2.7 2.4 1.8
D 11 8.9 4.4 3.7 1.9
E 14 . 13 6.6 5.7 3.3
F 21 24 11.3 9.1 3.5
Living Pattern Village Isliand riculture Visitation
AU FRBD, ELMER, DAVID AIVIN turough KSITH Soutnern LElanas
B (2) FRED/ELMER/DAVID KATE through WILMA Northern Islands
plus LeRoy :
c (5) JANET KATE through WILMA Northern Tslands
plus LeRoy
p (3) JANET JANET Northern Islands
E (5 - JANET ALICE through IRENE Northern Islarnds

F (4) BELLE BELLE Northern Islards
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TABLE 2. 30 Year Integral Bone Dose {Rem)

I II_ Iz LA v
Import Pandanus, Import Pandanus,
Current Condition Gravel Village Import Breadfruit, Breadfruit,
Living (no corrective Area - Plow Pandanus andi Coconut and Coconut, Tacca
Pattern action) Village Island Breadfruit Tacca and Meat
A 3.8 ' 3.8 3.8 3.8 3.8
B 35 35 11.5 9.1 4.1
c 31 35 12 9.6 4.6
D 80 - 78 : 23 18 4.7
E 135 ' 134 38 27 6.1
F 220 213 61 43 6.3
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TABLE 3. Maximum Annual Whole Body Dose (Rem)

%*

I II III v v
Import Import Import Pandanus,
Current Condition Gravel Village Pandanus  Pandanus, Breadfruit,
ing (no corrective Area - Plow . and Breadfruit, Coconut, Tacca,
tern action) Village Island Breadfruit Coconut,Tacca and Meat
¥
0.039/0.039 - 0.039/0.039 0.039/0.039 0.039/0.0%9
0.23%4/0.236 - 0.125/0.128 0.091/0.122 0.090/0.083
0.237/0.241 - 0.128/0.133 0.093/0.127 0.089/0.094
) 0.540/0.542 - 0.245/0.252 0,146/0.187 0.087/0.097
] 0.749/0.761 - 0.350/0.367 0.246/0.328 0.182/0.211
’ 1.56/1.55 - 0.662/0.663 0.357/0.475 0.192/0.191

*Values not significantly different from Column I

'Child/Adult - both starting Jan. 1974.
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TABLE 4. Maximum Annual Bcne Marrow Dose (Rem)

s ke
<

I 11 11T v v
Import Import Import Pandanus,
Current Condition Gravel Village Pandanus Pandanus, Breadfrult,
Living (no corrective Area - Plow and Breadfruit, Coconut, Tacca,
Pattern "action) Village Island  Breadfruit  Coconut,Tacca and Meat
* sk ' .
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  0.122/0.130C 0.097/0.091
o 0.317/0.300 - 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.%54 0.184/0.213
F 2.08/1.92 - 0.786/0.774 0.415/0.516 0.199/0.193

*Values not significantly different from Column I.

i< %
Child/Adult - both starting Jan. 1974.



TABLE 5. 9OSr Profile Sample Data cn JANET

Depth to Reduce

Mean 9oSr concentration In top 15 cm samples:
JANET: 44 pCi/gnm
Southern lsliands:
DAVID, ELMER, FRED: 0.41 pCi/gm
All others except I

LEROY: 0.52 pCi/egm
-36-

Profile Sample Act. by Factor Psr Act. in Psr Act.
Number of 10 Top 2 cm  Top 15 cm  Below 10C cm

(cm) (pC1/gn) Max. (pCi/egm)
100 | : 7’ 360 150 11 (50 cm)
135 56 18 10 1.3 (100 cm)
136 > 100 14 17 3.6 (100 em)
137 - 15 34 16 2.1 (130 cm)
138 ' ' 9 100 28 1.3 (150 cm)
139 12 410 220 5.4 (150 cm)
140 66 . 54 95 4.8 (115 cm)
141 12 100 39 4.8 (135 cm)
142 60 90 a5 - 46 (120 em)
143 > 100 21 31 13 (100 cm)
144 76 50 46 2.4 (100 cm)
145 18 27 26 0.7 (100 cm)
147 25 87 200 0.6 (160 cm)
901 25 110 185 8.5 (40 cm)

Av. 42 cm 105.4 82.7 7.1%

HAv.ﬂ

*
(No. 100 and No. 901
excluded)



Table 6,

905!' Concentrations (pCi/gm} in Profile Samples Taken on JANET

Sample Depth (:rﬁ_

5. 25- 35- 5. 55- 65— {5- U5  95- 105 115-  195. (135 45— 155-  165- 175
-2 25 510 101525 35 45 35 &, 13 8. 9. 050 15 125 135 145 155 165 175 165
Profile No.
lo0* 360 220 75 22 12 12 1 1 8.2
135 % 18 16 7 8 5.5 5 5.2. 3 1.3 1.3 1.5 1.3 1.3 1.0 0.85
136 + 17 0 17 20 50 6.4 5.3 5 33 5.3 3.7
137 34 17 8.5 4.6 2.7 1.6 1.6 0.85 0,7 0.68 0.286 7.8 0.43 0.5 0.4 0.4 2,1 043 0,35 0.41  0.25
138 - 100 26 14 8 48 2.4 2.2 26 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 50 28 34 26 9.3 0.9 1.0 0.3 0.23 0.85 0.8 0.47 0.3 0.31 5.4 1,2 1.5
140 * 54 6 18 17 14 15 10 15 10 35 2.3 1,7 1.1 0,93 0.8 3.8
141 % 100 178 18 8 5.4 5.2 5,2 46 32 28 2.3 3.0 2.6 2.4 2.3 1.8 49 1.5
142 %0 95 120 110 78 14 12 8.2 7.2 5.6 48 41 46 22 4.3 3.5 3.3 2.9 2.7
143 # 21 26 42 26 50¢ 68 26 25 21 3.7 11 11 12,5
§3 144 27 43 51 49 21 13 9 6.8 6.8 5.8 5.4 4.0 2.9 » 2.0 1.6 1.5 1.2 0.86 0.62 0.54 0.67
' 145 27 22 27 27 3.4 0.3 0.45 0.3 0.3 0.31 0.} 0,43 0.74 0.27 0.26 0.33 0.29 0.31 0.26 0,31 0.31
147 87 35 24 50 19 5.8 1.5 0.5 0.55 0.4 0.1 0.26 0.20 0.2] 0.29 0.3 0.18 0.22 0.65 0.46  0.42
col 110 200 230 160 40 2.4 8.6
Lv.Composite 103,990 58 4 23.813.7 8.9 7.6 5.6 2,9 3.1 35 2.7 1,3 5.3 3.8 1.7 1.7 0.9 0.94 0.8
[/ Subsistence
ifgi§¥}1:§§ Alcuao 50.3 29,5 16.7 22.8 21, 11.5 10.8 8.2 3.3 4.4 45 4.4 1.4 1.3 3.5 4.9 1.5



rable 7. Y27Cs Concentrations (3£ ./am) in Profile Ssmples Tnken on JANST.
Jample Depth (qgl -

- 35- 45- 55- 65- 5= 85- 95~ 105~  115- 125-  135-  145- 155- 165-

10-  15- - 25 ~175-
-2 2.5 5-10 15 25 3% 45 55 6. 15 8 95 105 15 125 15 145 155 165 175 185
Frofile No, .
100 * 210 64 23 3.1 0.7 0.44 0.44 0,27 0.22
135 % 5.7 7.7 2.8 32 1.6 0.9 0.66 0.14 0.29 0.027 0.057 0.082 0.072 0.039 0.026
136 % 6 4.8 6 45 6.5 6.5 2.7 1.3 0.85 0.8 1.3 0.47 0.19
137 11 | 16 11 3.2 0.86 0.9 0.25 0.21 0.23 0.19 0.1 0.015 0.008 0.03 0,00 0,1 0,058 0,037 0.0 0.01 0,03
138 22 19 21 15 5.1 1,1 0.63 0.23 0,37 0.16 0.1 0.19 0.15 0.063 0.03 - 0.035 0.1 0.09 0.04 0.08

139 110 8o 50 20 13 T 1.9 0.5 0,65 0,45 0.5 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 0,35 0.38 0.3 0.21 0.19 0.73
141 * 50 23 2.1 9.35 0.2% 0.15 0.12 0.085 0.082 0.066 0:072 0.071 0.029 0.06 0.15 0.08 0.24 0.25

142 100 63 42 49 53 26 1.5 0.72 0.45 0.23 0.24 0.27 ‘0.55 0.29 0,18 0.17 0.15 0.34 0.39 0.53 0.52

g, 143 % 6.1 5 5.2 T 6.1 6 5 4.7 2.9 0.1 0.2L 0.37 0.93

v 144 14 18 14 8 12 15 3.1 31 1.6 1,3 1.0 1,0 .0.77 0.64 0.5 0.97 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 0.983 0.024 0,026 0,026 0.023 0.021 0,017 0,023 0.02 -0.04 0,009 0.0]
147 3.5 19 18 16 2.9 2.6 0.85 0.4 0.6 0,32 0.23 0,12 0.11 0,017 0.022 0,018 0,04 0.017 0,009 0,007 0,008
901 5.1 7 8.5 6.1 1.6 0.32 6.45

Av, Composite4’.2 25.0 15.5 1l1.1 7.62 4,9 1,38 1,03 0,76 ©.34 0.m7 0,27 0.27 0.17 0,14 0.23 0,021 0.36 0.21 0.23 .2}

Av, Subsistence
Lgriculture 53%.5 19.9 T.2 5.2 2.9 2.5 1.67 1.%% 0,97 0,28 0,59 0.27 0.31 0.1¢



Table 8, Concentrations of 9081' and 13705 in each 15 cm increment below
the surface for the "Average Prcfile Samples”
JANET |
90Sr ' 137Cs
Depth  Av. 9oSr conc, Ratio to 1 Av. 137Cs conc, Ratlo to 1
cm (pct/gm) top 15 em Ratio . (pC1/gnm) top 15 cm Ratio
0-15 67.7 1.0 1.0 19.6 1.0 1.0
15-%0 20.2 0.30 3.3 6.26 0.311 3.22
30-45 10.2 0.15 6.7 3.63 0.164 6.09
45-60 6.36 0.094 10.6 o1 0.055 18.1
60-75 3.96 0.059 17.1 0.464 0.023 43.3
75-90 2.82 0.042 24,0 0.277 0.014 72.6
90-105 2.34 0.035 28.9 0.249 0.0124 80.5%
PEARL
0-15 12.4 1.0 1.0
15-30 3.4 0.276 3.6
30-45 1.1 _ 0.088 11.4
ALICE
0-15 36 1.0 1.0
15-30 24.5 0.68 1.47
30-45 16.6 0.46 2.16
45-60 11.2 0.31 3,19
BELLE
0-15 48 , 1.0 1.0
15-30 9.7 0.202 4,94
50-45 2.0 0.041 24.5
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-€0 0.42 0.016 64
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Tabel 9. Effect of soil removal on 30 year integral bone dose on JANET, case DI, Table 2. -

Soil Removal Action

90
(pCi/gm)

DI Av. for JANET

Sr Conc

(15 cm aver.)

Bone Dose (Ren) Due To

Current condition Ly

DI-18ubsistance

DI-2
DI-3a
DI-3b

DI-3c

D1-3d

Agric, area 31
Remove 4.5 cm in 1
Residential area b
Remove 15 cm in 9.4

Subsistence Agric.Area

Remove 30 cm L.6

Remove 45 cm 2.9
Remove 60 cm 1.8

Total Av. Est. 7
Soil Bone Exposure _
Volune Pandanus Cozonut Meat D Rates External Marine TOTAL
Breadfrult ._;Pacca ose

0 55.5 5.8 13,2 75 40 uR/hr 4.0 0.8k 80

0 39.1 4.8 9.3 53.2 28 3.3 0.84 57"
3.2x109m3 39.1 4.8 52.8 2.8 0.84 56.4
1.5x10%m3  11.8 1.5. 2.7 16 2.2 0.8k 19.0
3.0xlol’ 5.8 0.7 1.3 7.8 2.1 0.84 | 10.7
k.5x10% 3.7 0.4 0.8 4.9 2.0 0.81 7.7
6.0x10% 2.3 0.3 0.5 3.1 2.0 0.84 5.9



~ Table 10.

Soil removal actions to reduce

_ \
137Cs cencentrations in covora

Mean current

13F{Cs conc. in

Soill to be removed to

Island soil (pCi/gm in achieve:
Comm. Agr. 15 cm semples) 10.4 pCi/gm 5.2 pCi/am

' Area Thickness Volume Thickness Volume
JANET 16 " 6.9x10° m° 6cn  4.1x10% m ldem  9.7x10° m
OLIVE 7.65  1.1x10° 0 5ca  0.55x10% o
PEARL 12.4 1.5x10° 2 cm 0.30x10% 10 em 1.5x10%
SALLY .3.9 - 0 0
TILDA 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  4.4x10% o 74 cm 6.9x10% o
BELLE 48 18.6 14 2.6x10* o 21 em  3.9x10%
CLARA 26 1.9 10 0.19x10* 17 em  0.32x10%
DATSY n 5.6 0 - 9em  0.5x10°
IRENE 3.2 - 0 - 0 -
KATE ) 13.1 T.4 3 cm 0.22x104 12 cm 0.89x104
LﬁCY’ 11 9.8 0 - 9 cn 0.897.104
MARY 9.9 5.6 0 - 8 cm 0.45xlo4
NANCY 12 8.4 2en 0.l7xlcT 11 em  0.92x10"
WILMA 1.3 - 0 - 0 -

~41-



Table 11. Populaticn Dose Estimates for VariousACleanup
and Rehabilitation Options on Enewetak Atoll.

30 yr vwhole 30 yr irtegral Max annual whole Max annual dose to

body dose (Rem) bone dose (Rem) body dose (Rem) red bone marrcw (Rem)
OPTION .
I :j} Z1.0 < 5.8 = (0;039/0.039)* 5'(0.047/0.045)*
IT a »
b
¢ 1.0 : 3.8 0.039/0.039 0.047/0.045
.
e
ITT =
b
(o4
a 2.2 11.5 0.125/0.128 0.148/0.149
e
£
IV a
b 5.6 23 0.245/0.252 0.293/0.294
]
d 3.6 13 0.16/ 0.16 0.17/ 0.17
e 1.6 11 0.07/ 0.07 0.14/ 0.14
V =a
b (seme as IV e) .
(o
) \

*(Child/Adult)

42«
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Appendix ]

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.

QOSr, 137Cs, 60

predominant radioactive isotopes now

23 9F‘u are the

Co, and
present, but their distribution is far ‘from
uniform. Islands on the southern half of

the Atoll from ALVIN to KEITH have lev-

els of contamination comparable to or
less than those due to world-wide fallout
in the United States, On the northern
half, islands ALICE to IRENE are most
heavily contaminated, KATE to WILMA
are least contaminated, and JANET is at
an intermediate level.

These radiological data have been com-
bined with the best information currently
available on the expected diet of the Ene-
wetak people to estimate potential whole-
body and bone doses to the population for
six living patterns at 5-, 10-, 30-, and
70-yr intervals after return, Thirty-

year integral dose estimates for unmodi-

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

in Table A,

Table A, The 30-yr integral dose for six living patterns, assuming unmecdified condi~

tions,
30-year integral dose, rem
Unmodified conditions -
External
Living Inhalation Bone, Terrestrial Marine Total
pattern Bone Lung Liver W, B. W, B, Bone W.B. Bone W.B. "Bone
1 7(-4) 8(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
11 0.029 0.036 0.016 1.6 2.7 33 0,053 0.84 4.4 35
I 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
v 0.11 0.13 0.058 2.9 2.7 33 0.053  0.84 5.7 37
Vi 0.090 0.11 0.049 4.4 9.6 130 0.053 0.84 14 135
Living
pattern -Village island Agriculture Visitation
B ¢ FRED/ELMER/DAVID ALVIN through KEITH Southern islands
II FRED/ELMER/DAVID KATE through WILMA Northern islands
plus LEROY
I JANET JANET Northern islands
v BELLE BELLE Northern islands
v JANET KATE through WILMA
plus LEROY Northern islands
VI JANET ALICE through IRENE Northern islands

I-1



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 shown in
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
population doses from these fruits. If
their growth were limited to the southern
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 cn

JANET, .
90Sr‘ dose 137Cs dose
to bone, to whole body,

Food = % %
Domestic meat 17 26
Pandanus fruit 40 35
Breadfruit 34 29
Wild birds 0,005 0.003
Bird eggs . 0.05 0.002
Arrowroot 2 0.3
Coconut meat § 9
Coconut milk 0.9 1

rather than grow them locally, the ex-
pected 30-yr bone dose would be reduced
from 80 to 25 rem and the whtle-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
90Sr-— and 137Cs-contaminated soil from

JANET would require den'ud'mg of the

entire island because of the relatively

uniform distribution of these isotopes
over the land surface,

Significant reduciion 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-vr external dose from 4.0 to 1.7 rem.

Thus, from Table A it is clear that a
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 YVONNE presents 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 CACTUS crater.
Examination of these "hot spots' has
revealed the presence of occasional
milligram-size pieces of plutonium metal,
as well as smaller pieces which are phys-
ically indistinguishable in size from the



surrounding coral matrix. Given these
current conditions, it must be assumed
that pure plutonium particles of respira-
ble size are now also present on the sur-
face or may be present in the future as
weathering effects oxidize and break
down the larger particles, Lung dose
assessments for this area, therefore,
must be based on inhalation of pure plu-

tonium particles rather than those hav-

ing the average plutonium content of the

soil,

The 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 vleanup
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 1~'ayer of topsoil in the area in which
"hot spots'' have been detected involves
approximately 17,000 rn3 of material.
Further removal of soil to reduce the
maximum plutonium contamination levels
to 50 pCi/g or less involves an additional
25,000 rh3 of material.

Table C, 30-5’1‘ integral doses from all pathways compared to U.S, external back-

ground dose,

30-yr integral dose, rem?

Viunodilied suil vdse

~w e i
wivdLtied puil Laoc

Location W. B.

Bone W. B. Bone

Enewetak Atoll living
pattern 1II (JANET-~

current conditions) i1

Enewetak Atoll living
pattern III (JANET -
pandanus and bread-

fruit imported) 6.5

Enewetak Atoll living
pattern III (JANET-
all agriculture con-
fined to southern

islands) ) R

Enewetak Atoll living
pattern I (southern

islands) 1.0

U. S. background onlyC 3.0

80 8.9 78

25 4.2 23

7.0 1.9 4.7

3.8
3.0

3.8
3.0

1.0
3.0

2Sum of all pathways for the Enewetak living patterns (i.e., external, inhalation,

marine, and terrestrial),

bSoil 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 I1
Enewetak Radiological Survey Report

Summary of Findings Chapter

W. Nervik, Lawrence Livermore Labcratory, Livermore, California

INTRODUCTION

It has been the purpose of this survey
to gain a sufficient understanding of the
total radiological environment of Enewetak
Atoll to permit judgments as to whether
or not all or any part of the Atoll can
safely be reinhabited and, if so, what
preliminary steps toward cleanup should
be taken and what post-rehabilitation con-
straints must bé imposed.

Enewetak Atoll has an extremely
broad range of radiological conditions in
a small land mass. To gain an under-
standing of the details of this range of
conditions, it has been necessary to obtain
and analyze a very large number of sam-
ples from all components of the environ-
ment, To gain an equivalent uﬁderstand-
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 sihglé value of any component of
the radiological condition is applicable to

the entire Atoll without being misleading.

-1

CURRENT RADIOLOGICAL CONDITION
OF THE ATOLL

External Gamma Radiation Levels

Three independent techniques were
used to measure external gamma radia-

tion le%rels on the Atoll:

e LiF and CaFy 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.

® An aerial survey with Nal detectors

R e o e

- - PR R R, .
WD LUl LM WY La Lade waavas ~
surface area of every island.

All three techniques yield results

which agree to within about 10%. 60Co

and 137CS contribute most of the total
external gamma radiation, with the
remainder due to small amounts of other

gamma emitters such as 1255b, 155Eu,

and 241Am. The amount of 60

Co rela-
tive to 137Cs 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 more or less
uniformly distributed gamma-radiation
levels over the area cf 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 137Cs 60Co (;{'gtﬁg]) . Rangeb
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 2.6 2 5 i-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 0-1
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 28 4.8 7.6 3-8

aAverage dose rates given are derived from aerial survey data. On islands where activity
levels are at the lower limit of sensitivity of the aerial survey equipment, dose rates derived
from the soil sample data are given in parentheses.

bAs measured with the Baird-Atomic instrument.
II-2 -
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Fig. 146. Islands (those circled) requested as village locations by the Enewetak people.

generally at or very near expected back- Radioactivity Levels in Enewetak

ground levels; the highest levels aré Soil

found in heavy vegetation at island centers Approximately 3000 samples of

.or near ground zero sites, '"Average' Enewetak soil were analyzed by germani-
values for islands with relatively high um gamma-spectrascopic (GelLi) and

dose levels include a broad range of values wet-chemistry techniques to determine
for specific areas and should therefore be the distribution of radioactive species on

used with caution, islands in the Atoll, Samples were taken

i



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
on each island: "surface" and "profile."
At "surface'" sampling locations, two
samples were taken — one a 30—cm2 X 15-
cm-deep core, and the second a composite
of two 30-cm2 X 5-cm-deep cores. At
"profile'" sampling locations, 100-cm?
samples were taken from the side wall
of a trench dug for the purpose. Nominal
depth increments for the profile samples
were 0to 2, 2t0 5, 5to 10, 10 to 15, 15
to 25, and 25 to 35 cm, and at 10-cm
increments to total depth. Total depth
10T proille samples variedg Iirom s9 10
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 9OSr, 137Cs,

239py,, and %0co. 4%k, 55pe, 10lgp,

102mRh, 1255b, 133Ba, 134Cs, 152Eu,
207

154Eu, 155Eu, Bi, 226Ra, 235U,

238Pu, and 241

some or all of the samples.

Am are also present in
As was the
case for external gémma, 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 sﬂites',‘ usually related in a
direct way to the vegetation density in the

immediate area. As an example of the

II-4

kind of data obtained for cach of the pre-
dominant isotopes 'on each of the islands,
9OSr values for 0-15 cm core samples on
JANET are plotted in Fig. 14‘7.

Table 215 presents geometric mean
values and ranges for the four predominant
radionuclides oh 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
normaiiy rouna on tne southern istanas.
Here the activity levels are usually low
through the full range of depths sampled.
Some sampling locations show concentra-
tions decreasing somewhat from the sur-
face through the first 10 or 20 cm of soil.
Figure 149 shows the type of distribution
often found inland on islands subjected

to fallout but not to construction or other
ground-zero earthmoving activities — i. e.,
a rapid and fairly steady decrease of
activity levels from the surface to total
depth.

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 the sites
for tests or have been subjected to con-
struction and earthmoving activities

(primarily IRENE, JANET, PEARL,
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Table 215. Enewetak soil data, '"northern islands' (pCi/g in top 15 cm).
905!‘ 137CS 239Pu SOCO
Mean Range Mean Range Mean  Range Mear.l 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 5.8-26 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, 0.12-52.0
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 11 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 7.7 2.,4-22 1.5  0.26-3.8
MARY 29 11-140 9.9 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 0.07-11 2.8 1.9-4.1 0.1t  0.05-0.31
PEARL  Hotspot 62 35-140 19 7.4-55 51 15-530 12 3.6-70
Remainder 17 3.2-61 7.6 1.2-34 11 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 0.21-1.7
URSULA 6.8 2.0-19 1.7 0.13-7.8 1.3 0.26-7.3 0.31 0.05-1.7
VERA 6.3 1.1-68 2.0 0.03-12 2.5 0.60-25 0.30 0.02-2.2
WILMA 3.3 0.26-13 1.3 0.31-7.2 1.1 0.1-5.3 0.12 0.01-0.7
Southern
YVONNE 1.7 0.09-20 0.40 0.02-3.6 2.2 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 Y VONNE no
single mean value for an isotope can be used for the island as a whole with-

SALLY, and YVONNE). In these locations,

- out being misleading,

Readers should consult the YVONNE discussion in

this section and the detailed data in Appendix Il for information pertinent to

their interests,

activity levels below ground level are

significantly highér than at the surface,

Because of the observed variety of profile

distributions, no

'average vertical distri-

I1-6

bution'" can be formulated which is

applicable to the Atoll as a whole.

The land area which has the most

severely noniniform distribution of

radioactive species on the Atoll is that



Table 216. Enewetak soil data, southern islands (pCi/g in top 15 c¢m).
QOSr 137CS 239Pu 60Co
Mean Range Mean Range Mean Range Mean Range

Group A

(DAVID,

ELMER, v

FRED) 0.41 0.02-4.8 0.21 0.01-2.1 0.04 0.004-0.31 0.03 0.01-0.15
Group B

(All others X

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 YVONNE which 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,
detaiied, 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 below the surface,

plutonium (3200 pCi/g in one sample),

In an effort to obtain a reasonable
estimate of the three-dimensional distri-
bution of radioactive material in this area,
152)

Plutoni-

45 profile locations (shown in Fig.
were sampled to 150-cm depths.
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:

® There were no large plutonium
particles analyzed in any of these
samples since the maximum
specific activity found was ~800
pCi/g.
Except for the area in the general
vicinity of the exposed plutonium
layer, there were few profile
sampling locations where plutonium
concentrations exceeded 100 pCi/g
at any 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
across the 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 Lu tlie larger arca silown i
F1g 152 are also found at any significant
depth below the surface. Because of the
discrete nature and random distribution’
of these particles, of course, the only way
that their distribution could be further
established would be by analysis of very

large volumes of soil.

Radioactivity Levels in Enewetak

Lagoon

‘Approximately 858 samples taken from

the Enewetak lagoon environment were
analyzed by germanium gamma-
spectroscopic (Geli) and wet-chemistry
techniqﬁes to determine the distribution

of radioactive species in the lagoon, in-
cluding 345 sediment and bottom cores,

82 seawater and seawater filters, 21 algae,
plankton, or coral, é.nd 410 fish samples.
Figure 157 shows the major sampling

locations for this marine program.

II-8

"and U.

Analysis of the sediment and core

samples in.dicates the presence of 40}(,

GOCO, QOSr, lOth’ 102mRh, 106Ru,
127Sb, 137Cs, 152Eu, 154Eu, 155Eu,
207Bi, 235U, 238Pu, 239’240Pu, 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 arec
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 9OSr.

Similar figures have been
prepared for each of the predominant
épecies found. '

Many uf the radiognuclides found in e
marine sediment and core samples were
not detected in the water samples, in-
loszh, 106Ru, 1255b, 152Eu,
In only 15 samples from the

GOCO,

cluding
235

northern part of the lagoon were

155Eu, 207Bi, and 241Am detected.
137

Cs and 239,240

identified in all samples. Table 217 gives

Pu were positively

the mean surface water concentration of

137Cs and 239,240

of the lagoon, in the ocean close to the

Pu in the four quadrants

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 9051‘
(av 0.86 pCi/g, wet wt) and 20 Bi
(0.83 pCi/g), followed in decreasing order
0co(0.68 pCi/g),
155Eu (0,24

Am (0.23 pCi/g), and 37cCs

of abundance by
239,240py (0.39 pci/g),



Fig.

148,

Depth — cm

Activities of selected radionuclides as '

-9

Activity — pCi/

function of soil depth.



100

6/15d — Ajayoy

o
S O

Q

0

[
el
&)
O~
4 0

R -

——

137
23‘3"pu

4t

s -

N

Location 100

Depth — cm

Activities of selected radionuclides as a function of soil depth,

149.

Fig.

I-11



6/15d — Ajanny

o

MHTITTITIT T T

ALICE
Location 25

1T

LUIT

t

IR

Ty

O

30

20

0

1

Depth — cm

Fig. 150, |

Activities of selected radionuclides as a function of soil depth,

fI-13



000

6/10d — Ay

[

v
o
o~

TRV

HHH

hed o’}

O a4

™~

—

3

—=100
1

IRENE
Location 100

Depth —~ cm

Activities of selected radionuclides as a. function of soil depth,

Fig. 151,

I1-15



L1-11

YT S ' ——— T A T P G YIRS L . N
. o ‘ ’ SR '{'\"L,é" ’
L . ' . »“ N 1 »

" e B . ,‘. . . g ) 2 i & ‘ ? "h ,.‘ * .‘ ‘

(&3 N . < N, - .4 ~"‘ i 2 \ -t

‘ - : ‘\.4"1Exposed Pu-bearlng AR
' “tyseil layer on embankmenty © -

G i S Wi panep it 122] i'7_.
) \3 - \\!- . | :E)g-g(;nqé h Ieve's § N,." o I :',_j;";.‘.-.:i‘r':“'““:..* e . P,-:"g/g] 28‘?“ 23
N i N v“"' M r !

- G140 09pe 1038103 P2 Ty w1
rvmﬁmw‘!:;a“”"’: i 124'“”9 ”4 caitopiogtl S At

[ LRl . -
TP < v 1Tower .
es v " "(Sta. 1310)¢ -

oCe -. 9. v .,1( R ,‘,;,,._H)‘

AN

=’ > 1706;)C| /9

. « ', Puat some depth
JONR »~"‘T>5o 5Ci/g

- »J ;Pu at some depth

DERY I

Fig. 152, Soil-profile locations which were sampled to 150-cm depths, YVONNE,.



Depth -

cm
et = 2 o T T
18 0.7 4.1 - 1.9 4
10 %'@;036 3.4 0§3Z\‘—3 0705
40493 1.8 6.7 0.02 0.4 0.04
1eol00r 0.4 i 0.03  0.54  0.007
0 | 0-04 0.02 0.07  0.009 0.48 0.03
20 | 0-04 0.0! 0.01 0.008 0.4 0.02
80|00 . 0.007 0.03 0.0} 0.07  0.03
90003 0.01 0.03 0.02 0.08 0.02
100 |0-03 0.02 0-05 _ 0.06 0.05
110/0-008  0.68 0,04 0.01 0.08 0.03
120/0-003  0.02 0.05 _ 0.97 0.01
130 — — — — — —
140| — — — — — -
150 L1 | | | ] |
129 124 119 114 109 105 103 102 101

Profile location number
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Fig. 154, Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g).
with similar data obtained in 1964 indi-

Comparison cof these data

cates that, in addition to physicél decay,

60 137

Co and Cs are being lost from the

lagoon with mean residence half-times
of 3.3 and 4.1 yr, respectively, while
207Bi appears to be decreasing at approxi-

mately its radioactive decay rate, QOSr,

1I-18 . -
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539 2. 2.
“39’240Pu, 155Eu, and **'Am were not

reported in 1964,
Of the more than 700 species of fish at

Enewctak Atol!, the species seclected for

Profile location number

Lagoon

Plutonium profile data, Locaticns 142-146, YVONNE.

this survey were chosen for one or more
of the following reasons: (1) They are .
‘commonly caten by the Marshallese; (2)

they are relatively abundant at most of the

Im-19



Sample types

® Sediment and cores

* Reef species

& Plankton

& Water

7

* (] ® PY ®
. . °
. . ° 4
¢ * . ¢ ’ . -
Southwest ° A Deep
Passage D2 Passage
%
®
sz
22007024
- 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 algq
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Fig. 1568. Activity levels of 9OSr deposited in the sediments of Enewetak Lagoon.

collected are carnivores of high order in
the food chain leading to man.

The number and kind of marine organ-~
isms collected at near-shore sites at

Enewetak Atoll and at Kwajalein Atoll,

where '"control"” samples were taken, are

shown in Table 218, Similar information
for the carnivorous fish is given in
Table 219.

40K, 55
dominant radioactive nuclides found in all

fish, although ®°zn, %0sy, 10lg, 102mp.

1 1 52
08m, 1255 187,  152p  1s5_

207Bi, 239’240Pu, and 241Am were also

present in some or all samples,

Fe, and 60Co were the pre-

II-21

Table 217. Concentration of 137Cs and
Pu in comparative, sur-
face water samples.

Concentration,

fCifliter
Location ]37Cs 239?\1
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
0-31°N (12968) 0.7




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

Organism
Oher Orther
Collection Convict  Parrot- rect Sea inverte- Approx
site Mullet Goatfish surgeon fish fisn Tridacna cucumberts brates toral
Enewetak Atoll
GLENN-HENRY ~25 11 ~ 50 2 10 6 4 Gb 114
LEROY ~50 9 34 3 1 1 0 ~10¢ 104
FRED 0 ~20 ~ 50 a 7 3 2 ol
DAVID 0 25 ~50 12 2 4 1 a4
BELLE ~50 3 30 1 3 10 0 a7
IRENE 2 3 12 0 8 0] 0 23
JANET ~30 3 ~ 40 1 0 4 0 ne
TILDA- URSULA ~35 11 ~ 50 2 3 107
YVONNE 10 ~15 ~ 55 10 3 0 3 o 103
Kwajalein Atoll - - ~ 30 1 5 5 41
Approximate Total ~220 ~ 100 ~ 400 41 42 36 13 25 870
2The number given is the number of collgctions from u given site.

bPencil urchins.

c"I‘op snails,

dSpiny 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 DMackerel Dolphin 5Snapper Grouper Ulua Total
Enewetak 2 9 3 2 8 8 40
Kwajalein 3 1
Total 5 10 -3 2 0 10 3 6

Figures 159-161 show the average con-
centrations of predominant radionuclides
found in convict surgeon samples taken
at each of the collection sites around the
lagoon. Similar data were obtained from
the mullet, goatfish, and parrotfish
samples, »

Average radionuclide content of light

muscle, dark muscle, and liver of skip-

[-22

jack collected in Enewetak lagoon are

shown in Fig. 162. In general, 5Fe levels
in the large pelagic fish were higher than
levels found in other fish types, while
other nuclides were present at levels
comparable to or lower than those found
in the reef fish,

Of the-samples collected at Kwajalcin,

40,
K was prescnt at normal background
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Fig. 159, Average 4OK, “’SFe, 60Co concentration T convict surgeon from Enewetak
Atoll, October to December, 1972, The CK value is the mean for all con-
vict surgeon samples.

207

Table 220, Comparison of 6OCo and Bi in the viscera of convict surgeon collected

in 1964 and 19872,

60Co in pCi/g, dry 2O'TBi 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 137Cs, 155Eu, and 207Bi concentration in convict surgeon from
Enewetak Atoll, October to December, 1972, The 40K value is the mean for
all convict surgeon samples.
2

levels (av 15 pCi/g). No 60Co, 207Bi, 0co and 20735 data for the two collection
or 155Eu were observed, but 55Fe, 137Cs, periods. The effective half-life of 2.7 yr
9(.)Sr, and 239’ 24OPu were found in some for 6OCo {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.
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5.24 yr) and 5.1 yr for 207

decay half-life 30 yr) implies an effective

Bi (radioactive

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 tridacns,
60Co was the most abundant radioisotope
found, and it was present in higher

amounts in the kidney than in the viscera,
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Fig. 161, Average 9OSr' and 239’240Pu concentration in convict surgeon from Enewetak

Atoll, October to December, 1972.

vict surgeon samples,

mantle, or muscle. Figures 163-165
present the average radionuclide concen-
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.

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 analysis of all
available terrestrial vegetation and
animal species which could be used as a
basis for estimating population doses

through dietary pathways. XNot all vege-

table and animal components of the

Enewetakese diet are currently available
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I1-27



300

Column legend
55
o A ““Fe - mantle plus muscle
> 100+ B 55Fe - viscera AQ . —
O 60 Mean K concentration
T‘ C "7Co - viscera
60
g 50| D ““Co - mantle plus muscle - B
i ] a
_g‘ 30} - 1
£ - - ]
5 . . :
B
£ B _ 1]
§ 10 B — o - e el
: - _
3 —
>
C -
.2
5 3]- .
2
- |
Al ICID ABICID A3 CID Al8|CID} AIBICIDI [A{BICID AIBICID
BELLE JANET KATE WALT GLENN  HENRY LERCY

0 55

Fig. 164, Average4 K, Fe, and

60

Collection site

Co concentration in the viscera, mantle, and

muscle of Tridacna clams collected at Enewetak Atoll, October to
December, 1972, The 40K value is the mean of all Tridacna samples.

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

available on every island.

A total of 1103 specimens were col-

The geographical distribution cf
specimen collection sites is shown in

Fig. 166 and the types of edible sample

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

biota survey, distributed as follows:

Soils 42
Plants 208
Birds 116
Eggs 2117
Rats 249
Crabs _271
Total 1103

Table 221,

90 1

Sr and 37Cs were observed in

essentially all of the plant, rat, and crab

samples and in many of the bird and egg
samples. 5SFe, 60Co, and 239’240?u
were observed less frequently, and

isotopes such as 20_7Bi, 152Eu, and

1515m were observed occasionally,
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Table 221, Terrestrial biota survey, Edible plants and edible animals sampled.

Island
No,

Island

Coconut Coconut Pandanus Pandanus Tacca

meat

milk

fruit

leaves?

corm Birds eggs

Bird Coconut

crab

Rat

b

1,
2.
4,
9.
10,

12,
14,
15,
16.
17,
19,
20,
21,
22,
24,
29,
30.
31,
32,
33.
34.
35.
31.
386.
39.
40,
41,
. 42,
43.

ALICE
BELLE
DAISY
IRENE
JANET

LUCY
MARY
NANCY
OLIVE
PEARL
SALLY
TILDA
URSULA
VERA
YVONNE
VAN
ALVIN
BRUCE
CLYDE
DAVID
REX
ELMER
FRED
GLENN
HENRY
IRWIN
JAMES
KEITH
LEROY

»

F I T

»

X

X

X

X

a L .
Pandanus leaves are not eaten but serve as indicators for pandanus fruit.

bRats are not eaten but serve as indicators for poultry and swine,
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Sample type

* Birds
a Crabs .

© Mammals

* Vegetaiion

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 905r‘ and 137Cs in those on the southern part of the Atoll,

coconut meat versus island sampling Since the main vegetation components

location, for example, are plotted in in the human diet (coconut, pandanus,
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Concentration — pCi /g, dry

Fig. 167. Concentrations of 90sr and !

Concentration in coconut — pCi/g, dry.

\

and breadfruit) are not growing now on
all of the northern islands, the ubiquitous

Messerschmidia and Scaevola were

sampled and analyzed extensively with the
intent that they be used as "indicator
species'' for estimating doses from the
edible plants should they become avail-

able.
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, decse 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

10 —T— 7171717 T 71
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a 09051'
a
10 |- R _
a
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A a a
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1 - 8 5
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F-3
1.0
¥ =1.27 x0-612) ]
aa
0.1 | 1 |
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Concentration in indicator plant —
pCi/g, dry

Fig. 168. ?%atistical correlation between

7Cs in coconut meat and
137Cs in Messerchmidia and
Scaevola.
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content of vegetation and nuclide content

of soil must be established. As an ex-

ample of the correlations that have been

137

developed, data for Cs in

137C

o

fel

Messerschmidia and Scaevola vs

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,

correlations for 137Cs in rat muscle vs

For example,

Messerschmidia/Scaevola are shown in
Fig. 170, and for
Messerschmidia/Scaevola are shown i
Fig. 171.

Three classes of data obtained from

90, .
Obr in rat bone vs

n

the terrestrial biota survey, therefore,
have been used to estimate potential
human doses through the terrestrial food
pathway:
e Data obtained from the edible
organisms where they were avail-
able,

e Data obtained from the correlation

between edible plants — indicator
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169, tatistical correlation between 13"iCs in Messerschmidia and Scaevola and
Cs in soil.

plants — soil and applied to the plant Radioactivity l.evels 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

the Atoll,

_OSr in rat bone and 90Sr in
Messerschmidia and Scaevola,

Samples were taken using the

following three types of equipment:

e Ultra High-Volume Air Samrgler

(UHVS) — Used to sample large
volumes of air in short time inter-
vals., Typical samples were taken
at a rate of 2000 m3/hr for a con-
tinuous 24-hr period.

Low-Volume Air Sampler (VCS) —

Used to sample for extended periods.

Typical samples were taken at a
rate between 8 and 20 m3,/hr for a
continuous 7-day period.

Anderson Cascade Impactors (ACI)—

Used to obtain data on the particle-
size distribution of airborne radio-
activity. These samplers operated
at a throughput rate of 34 m3/hr,
sampled for 7- to 10-day periods,
and separated each sample into the
following particle-size ranges:
0.1-1.,1, 1.1-2,0, 2,0-3.3, 3.3-7.0,

and >7 um.
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Fig. 171, Statistical correlation between
37Cs in rat muscle and 137Cs
in Messerschmidia and
Scaevola,

Air samples were taken on FRED,
DAVID, SALLY, JANET, and YVONNE,
which are islands that include the tull
range of airborne activity levels likely to
be found on the Atoll,

A number of radionuclides were de-
tected in the surface air, including 7Be
(53 day), %k (1.26 x 10% yr), %*mmn
(303 day), “°Zr (65 day), '9%Ru (39.6
106Ru (1.0 yr), 1258b (2.7 yr),
144, (285 day), 23%py
238Pu (86 yr), and
7Be and 4OK are
>4 Mn,

144Ce

Cs (30 yr),
2.4 x 10 yn,
241Am (458 yr).
naturally occurring activities,
952:‘, 103Ru, 106Ru, 1255b, and
are intermediate-life activation and
fission products found in current world-
wide fallout, but present in Enewetak
soils in only very reduced quantities due
to radioactive decay in the long interval

137

since testing ended. Longer-life Cs,



Table 222, Comparison of radionuclides in surface air'(fCi/mB) on Enewetak,
Livermore, California, and Balboa, Panama.
Remainder of Livermore, Balboa, Panama,
Enewetak Calif. , 9°N 79°W,

Nuclide YVONNE Atoll 1972 1972-1973
"Be <49-193 <6-116 90-250 43-143°
54 Mn <0.6-2.1 <0,.14-4.0 - - '
9%z, <0.4-0.4% 0.03-0. 3 0.005-0. 4 <0.9-8.5
103py 7 <5.5-5.5% NDETP 0.29-3.4 -
1254y, <0.27-0, 272 NDET 0.04-0. 23 -
106, <0.9-2.6 <0.2-1.6 0.14-2.9 -
137 <0.49-0. 82 <0.04-2.5 0.63-3.2 0.09-1.7
144, <2.5-3.7 <0.22-1.9 0.24-3.1 0.7-11.2
239,240p,  <9,03-2.6 <0.001-0.025  0.01-0.05 <0.001-0.030
2385, <0.04-0.13 <0.0028-0.008 0.001-0.005 <0.001-0.003
241p <0.3-0.30% NDET NDET NDET

“Detected only one sample,

bNot detected.
®Oct. -Dec, 1972 range.

238 239 2

Pu 4lAm in air could be

from either local resuspension or from

Pu, and

3

worldwide fallout. A comparison of
activity levels at Enewetak with those ob-
served at Livermore, California, and
Balboa, Panama is shown in Table 222.
It appears that, with the exception of the
single sample on which 5.5 fCi/m3 of
1OSRu 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
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taken between November 28 and December
18, 1972,

always greater than 10 knots and often

Wind speeds were almost

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 raintall frequency are concerned,
while average windspeeds are higher than

those observed most of the year.

Radioactive Scrap and Buried Debris

Holmes and Narver, Inc., as part of

the engincering survey they conducted



Table 223. Climatological data for Kwajalein and Enewetak.?

Percentage of total time at each wind-speed interval

Av

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Wind speed, knotsb
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 80 70 75 69 70 44 29 24 28 53 70  56.7
22-33 15 7 7 5 3 2 1 1 1 0 2 9 4.4
>33 1 0 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 --
frequencyb 86% 87% 81% 77% 67% 64% 36% 31% 27% 33% 55% 74% --
' each .

Yr., of
Precieitationc _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
Qreatest amount, 1.9510,21 7.33 3.86 8.38 7.03 15.35 14.41 13,17 18.067 17,38 9.18 69.86 13
fgast amount, in, 0.12 0.40 0.37 0.49 0.37 1,33 1.36 4.22 1,53 2.60 1,94 0.868 24.42 13
Mean number of
days, 0,01 in, or 11 10 13 13 16 16 21 21 20 21 21 16 198 10

more,

2y, s. Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,

Vol, 1, Second Edition (1964},

:Wind data for Kwaialein.
Precipitation data for Enewetak.

for DNA,* estimated that there were
approximately 7200 yd° of contaminated
metal and concrete present on Enewetak
Atoll in December 1972. AEC radiation
monitors accompanied the H&N crews in
order to identify the radioactive material,
Table 224 shows the distribution of this
debris on islands where this type of
survey was conducted. The amounts of
material listed should be taken only as
an approximate lower limit, particularly
on islands such as PEARL, where very
heavy underbrush prevented the survey
party from covering all parts of the
island, In addition, it is conceivable that
radioactive scrap material may be found

*Engineering Study for a Cleanup Plan,
Enewetak Atoll-Marshall Islands,
Holmes and Narver, Repts. HN-1348.1
and HN-1348.2 (1973),
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updated to Dec, 3,

1970.

on the other northern islands (KATE,
LUCY, MARY, NANCY, OLIVE,
URSULA, VERA, and WILMA),

though none of them contains ground-zero

even

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:

e 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.

In the central part of ELMER (the
large "E" level area of Fig.
B.39.1.b) a partially shielded °°Co

source was found in a small storage

0

building.



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

Approximate scrap

Island quantities Remarks
ALICE 10 yd3 Background is up to 170 yuR/hr. An M-boat
wreck on beach reads 8 mR/hr,
BELLE Small Background up to 250 uR/hr.
(<10 yd3)
CLARA Small Background up to 100 uR/hr.
(< 10 yd3)
DAISY Small Background up to 140 uR/hr,
(<10 ydd)
EDNA None Sandbar
IRENE Moderate® Up to 1.2 mr/hr,
JANET 568 yd3 Activated scrap metal in all sizes can be
found in piles or individual pieces scattered
. over the island at levels up to & mr/hr,
PEARL 317 yd3 Confined to SGZ area, Levels upto 5 mr/hr,
RUBY 196 yd°
SALLY 2106 yd‘j Scrap-metal activity levels up tc 0,12 mr/hr.
Algha levels on concrete surfaces up to
103 dpm/50 cm?2,
TILDA 1 ydS
YVONNE 4064 yd3 Activity levels up to 60 mr/hr,
3
Total 7262 yd

@Reference does not identify volume.

o In the south-central part of ELMER
(the small "E" level area of
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,

8 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}31.

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 materizal
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. R.46.1.b)

"proved to be coming from barrels of fly

ash stored in a warehouse intended to be
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Table 225. Living patterns describing the geographical locations for activities

involved in daily living.

Residence

Agriculture
Fishing

Residence

Agriculture
Fishing

Residence

Agriculture
Fishing

Pattern I

FRED, ELMER, or DAVID

'ALVIN through KEITH

Entire Atoll

Pattern 111

JANET
JANET
Entire Atoll

Pattern V

JANET
KATE through WILMA + LEROY

Entire Atoll

Pattern II

FRED, ELMER, or DAVID
KATE through WILMA + LEROY
Entire Atoll

Pattern IV

BELLE
BELLE
Entire Atoll

Pattern V1

JANET
ALICE through IRENE
Entire Atoll

used for PACE drilling operations.

Similarly, the nearby '"C'" level area

proved to be a

lead container in a locked building properly
labeled, but of which we were unaware be-

fore the survey started.

POPULATION DOSE ASSESSMENT

The total radiation dose to the
Enewetak people returning to Enewetak
Atoll is determined by the sum of the con-
tributions of each of the exposure path-

ways; i, e.,

Dose = D

D . .
marine food chain

Dterrestrial food chain

inhalation +

Co source stored in a

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 beéen selected on the basis of the

best current information on the dietary
habits of the Enewetak people, the current
distribution of edible species on the Atoll,

and growth periods before harvest for

edible species which will have to be

D
external gamma

established after return. In addition,
these assessments assume that the

Enewetak people will continue their cur-

rent practice of using catchment rain-
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water for drinking and that underground



Table 226a.

§

|

i

Estimated time distribution (in percent) for men, women, children,

and infants, with emphasis on residence island. Pattern A.
Village area  Beaches Interior Lagoon  Other islands
Men 50 5 15 10 20
Women 60 10 10 20
Children 55 10 15 15
Infants 85 5 0 0 10

lens water, where available, will not be a

significant part of the diet,

Dinhalation
239, 24‘013\.1 has been found to be the
only significant contributor to inhalation

doses on Enewetak Atoll, Airborne ‘
radioactive species observed during the
survey, however, were identified as
originating almost entirely from world-
wide fallout or cosmic-ray activity. In
order to make a conservative estimate

of inhalation dosages, it has been

samples, inhalaticn doses to bone, liver,
and lung for each of the six living patterns
have been estimated and are shown in
Tables 228-230.

The "unmodified" cases represent

239,240

calculations based on the Pu con-

‘tent of the top 2 cm of soil, while the

. "modified" cases represent calculations

assumed that the returning population will

be exposed to air with an average dust

loading of 100 ug/mg, with the same
239’240}7’\1 content as the local soil, all
0.4 um in diameter and low in sclubility.
. . 239,240
Using these assurmptions and

concentrations obtained from the soil

Pu

239, “40Pu content

The latter

based on the average
of the top 15 cm of soil,
condition would obtain if the soils were
plowed or mixed during the replanting

operations,

D external gamma

Using gamma levels obtained from
the aerial survey, estimates of the ex-
ternal gamma dose associated with each
of the living patterns have been calculated

(Table 231). In this table the "unmedified"

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

islands. Pattern B.
Village area Beaches Interior T.agoon Other islands
Men 40 5 20 . 10 25
Women 50 5 15 5 25
Children 50 5 15 10 20
Infants 70 5 5 0 20
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Table 227. Postulated diet for the returning adult Enewetak population for time of
return and for 10 yr after initial return. '

Diet, 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

Table 228. Cumulative rems to organs from 239’24013u via inhalation pathway, bone.
PCI/G EXPOSED

LIVING PATTERN IN SO1IL 5 YRS 18 YRS 38 YRS 38 YRS 78 YRS
1. MODIFIED 8.95 2.6009 9.0p80 2.8a83 9.8093 8.9218
UNMDD IF 1ED a.12 0.9903 8.9081 8.8007 9.090822 8.9043
I1. MODIFIED 2.09 9.00081 9.0008 p.p122 8.0360 B.a728
UNMODIF IED 4.78 2.a803 9.DD28 8.8287 8.2845 B.1692
ITl. MODIFIED 7.38 7 9.0084 B8.093! 8.8445 8.1314 B8.2628
UNMOD IF IED 17.08 9.8918 9.2871 9.18327 a.3e60 2.65128
1V. MODIFIED 15.08 8.8089 9.09063 8.8315 9.2700 8.5480
UNMODIF IED vv.08 9.9p46 8.8323 0.4697 1.38¢68 2.7729
V. MODIFIED 7.39 9.0084 8.00831 0.8445 8.1314 .8.2628
UNMODIF 1ED 17.69 8.8011 g.8074 ~ @.10874 9.3168 R.E33E6
V1. MODIFIED 3.50 Aa.oaas D.0040 . Q.0579 n.1718 0.3420
UNMOD IF JED 14.79 a.9p08 n.ARE2 o, 0887 0.2645 a.5za2




Table 229. Cumulative rems to organs from

239’240Pu via inhalation pathway, liver.

PCI1/G

LIVING PATTERN IN SOIL S YRS

1. MODIFIED 2.9% 7.0089
UNMODIF IED 2.12 A.000a

{I. MODIFIED 2.08 7.0001
UNMOD IF IED 4.79 B.00az
I1I. MODIFIED .30 3.8083
UNMODIF IED 17.80@ B.2a9av

IV. MODIFIED 15.00 0.0006
UNMODIF IED vv.eo n.9021

Y. MODIFIED ¢.3B 0. onaz
UMMODIF IED 17.608 a.enav

V1. MODIFIED 9.350 a.0004
UNMODIFIED 14.70 a.00A8

EXPOSED

18 RS 29 YRS S8 YRS 78 YRS

8.0 0.9002 A, an0s5 .80z
B3.00a0n 53.0004 p.oa1l a.0020
A.An0s 5 .00EL A.0186 a.9340
8.0011 B8.8155 v 0.0437 a.aras
9.an132 3.0241 A.Ae7T3 a.1241
A.AR41 0.A561 a.1581 . Z2aa0
8.8026 P.0455 A, 13235 0,z2550
B.a125 n.2941 n.r1el 1.32859
a.oa1s D.n241 0.AETS a, 1241
o.an42 0.a521 L 1BET nL29Rz
0.6823 ,3.R313 g.3223 B.1%15
0,028 A.B4E5 oL 1EES a, 2495

case represents the current conditions;
"'village graveled'" shows the effect of
placing a 5-cm gravel layer in the village
area; and " plowed" indicates
the effect of thoroughly mixing the top

30 cm of soil in the specified area.

D . .
marine food chain

Doses via the marine and terrestrial
food chains were estimated using the
following differential equation to describe

the intake and retention by man:

dC If

man _~ man C _
dt - M )‘man Cman 3)
where
C = concentration of ntclide in
man
man, pCi/g

I1-41

-
"

food intake, g/day,

h
W

fraction of nuclide ingested
man

reaching the organ of
reference,

concentration of nuclide in

Q
it

food product, pCi/g, (i.e.,
fish, shellfish, coconut, land

crab, etc.),

=2

mass of the organ of refer-

ence, (g),
and

A
man

effective elimination rate of

nuclide from man, (day-l).

(lman - )\biological * Xradioactive)

The concentration C in the food products

is calculated assuming that the nuclide



Table 230. Cumulative rems to organs from

239’240Pu via inhalation pathway, lung.

PCIAG EXPOSED
LIWING SaTTERN IN SOIL S YRS 19 RS 3B YRS S8 YRS 78 YRS
[. MODIFIED B8.0%5 A.7008 0.8001 B.0004 9.9806 2.8889
UMMODIFIED g.12 3.9091 0.00873 2.09839 a.pA16 8.8022
11. MODIFIED 2.00 9.9817 9.0044 9.8152 8.9268 9.8360
UMMOD IF IED 4.79 B8.0042 7.9102 0.8357 8.9611 0.8846
111. MODIFIED 7.39 B.08063 8.0161 9.8555 8.934S 9.1314
UNMODIF IED 17.028 8.9146 8.8374 B.1292 8.2210 B.30860
IV. MODIFIED 15.08 8.98123 n.0330 0.1140 8.1954 8.2709
UNMODIF IED 77.00 8.0662 8.1694 9.5852 1.8813 1.38¢0
V. MODIFIED 7.328 8.0063 8.8161 A.8555 9.8942 n.1314
UNMOD IF IED 17.6@ 2.8151 9.8387 8.13238 8.2288 8.3168
vI. MODIFIED 9.5@ 0.a882 a.8209 n.8v22 a.1233 a.1r18
UNMODIF 1ED 14.79 9.0126 0.8323 8.1117 8.1911 B.2546
disappears only by radioactive decay, t
i, e., that no other processes are in Dose (rem) = KE[ Cman dt
operation which reduce the nuclide avail- 0
ability in the food chain, Therefore
c=C e—)\rt where C_ is the concentra- f1 fman Co
°o ° - "KE/ g
tion observed at the time of the survey 0 man ' r
and )tr is the radioactive decay constant,
At -\

The concentration in man at any time t

after initial consumption of the food is:

I fman C0

C = -
man Maman )L;)

-lrt -lman t
X (e - e ), pCi/g. (4)

The dose at any time t after initial con-

sumption is

X(e r -e mant)dt, (5)

where K is a conversion constant from

pCi/g to rem and equals 5.1 X 107°

disintegrations- g- rem
pCi- MeV- day
integration energy of the nuclide in MeV,

and E is the dis-

including. a factor for relative biological
effectiveness (RBE).

then determined from the integration of

The final dose is

the equation, i.e., .
gt

T
13
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Lt At
1 -e r 1 -e man
X — , rem, (6)
r man
Table 232 lists the f (FMAN),
Ir.an

Aradioactive(LR)’ xman (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, Co’ used
in the marine food chain dose assessment,
therefore, is the average value for all
fish from the entire Atoll determined from
the survey and is listed in Tables 233 and
234 for each nuclide. The average values
for radionuclide concentrations listed in
the tables are in pCi per gram dry weight,

with data corrected to pCi per gram wet

Estimated integral external free-air gamma doses,

Gamma dose, rad
Time interval, yr

Case - Living pattern 5 10 30 70
I Village: FRED; ELMER/DAVID
Visits to ALVIN-KEITH
Time distribution: Table 137
Unmodified 0.14 0.28 0.83 1.92°
11 Village: FRED/ELMER/DAVID
Visits to ALICE-WILMA
Time distribution: Table 137
Unmodified 0.38 0.68 1.59 2,97
3. Northern isiands plowed (0.22) (0.41) (1.08) (2.286)
111 Village: JANET
No visits to other islands
Time distribution: Table 137 with 'other
islands' time spent 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)
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Table 231 (continued).

A% Village: JANET
Visits to KATE-WILMA
Time distribution: Table 137
Unmodified
1. Village graveled
2, Plus JANET plowed
3. Plus KATE-WILMA plowed

0.71
(0.59)
(0.36)
(0.29)

1.28 2.94 5.06
(1.07) (2.48) (4.36)
(0.66) (1.59) (3.02)
(0.54) (1.36) (2.71)

Gamma dose, rad

Time interval, vr

]

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 ALICKE-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
1. Village graveled (0.48) (0.88) (2.14) (3.90)
2. Plus JANET plowed (0.25) (0.48) (1.26) (2.56)

Mean population dose

(Average of Cases I, II, 1II, V, and VI)

Unmodified 0.66 1.20 2.74 4.75
1. Village graveled (0.59) (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) (0,51) (1.3G) (2.70)

Sea level, U.S. A.

0.40 0.80 2,40 5.60

(80 mrad/yr) Typical
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Table 232. The disintegration energy E and the radioactive half-life LR are listed for each
The effective biological half-time LLMan and the fraction of
ingested isotope reaching the or jan of reference FMan are listed for three
receptor organs, bone, liver, aid whole body,

radionuclide,
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Table 233, Average concentration, number >f samples in the average, standard deviation, and
high and low of the range for all fish in the entire Enewetak Atoll.

9911

NO. OF RVERAGE STANDARD RANGE PC1/GRAM AVERAGE LOGNORMAL

NUCLIDE TISSUE SAMPLES PCI/GRAMK DEVIATICN HIGH LoW PCI/GRAMkx  MEDIAM PCI/GRAM
21083  MUSCLE 9 3.955E-01 1.517E~-31 7.182E-81 1.845%E-01 2.955E-D1 3.712E-91
1848 MUSCLE 116 1.183E+01 S.277E+00 2.697E+401 2.982E+00 1, 1226481 1.875€E+91
26055  MUSCLE 123 1.574E+81 4. 1BEE+I 3.3332E+P2 1.577E-81 1.S66E+A1 5.063E+00
27pAB MUSCLE 123 2,.835E+00 S.IPTEHTA 3. 4.BR3IE-G2 1.9522+00 5.a7<E-
28P98 MUSCLE 125 1.962E-01 2.450E-01 1. 1.051E~-63 1.177E-81 6.

44106  MUSCLE 23 9. 0RSE-D1 4,555E-a1 2. 3.A17E-O1 a. 7.

45192 MUSCLE 128 3.0442-02 6.601E-32 3. 1.568E-R2 3. 7.

43113 MUSCLE 1 2.633E-01 a. 2. 2.625E-1A1 2.635E-01 2.

S1125  IMJSCLE 127 2.449E-01 2.531E-91 2. F.r34E-02 3.910E-02 1.

S5137  MUSCLE 123 2.897E-A1 7 .340E-D1 6. 77IE4DA 2.636E-A2 3.493E-01 1.

S6133  MUSCLE 104 1.431E-A1 1.205E-91 7.621E-61 2.445E-62 1.538E-y2 1,

58144  MUSCLE 4 2. i. E-32 2.5375E-01 7.6I5E-01 8. 2.

€3152 MUSCLE 1238 7. S. £-52 Z.A1SE-R 2.1 a. 6.

63155  PMUSCLE 123 1. 7. E-nZ S.212E-01 3. 1.411E-02 9.

83207  MUSCLE S128 2. 2.25TEHN 2. 1.! 2.3722400 i.

922375  MUSCLE 122 7. 4, 2. 2 0. £.

94008 TSCLE 123 2. 2. 2. 4 2.4428-01 1.2

24238 MUSCLE G4 1 2. 1. 1 5.7 AE-03 7.

25241 IMISCLE 128 1. 0,4 2. 2 2.771E-83 a,

#AVERARE +IF NON-DEVECTED. COMCEMTRATION SET E0UAL "0 DETECTIANM LIMIT) PCI~GRAM
HHAVERAGE (IF NON-DETECTED, COMCEMTRATIOM SET EOUM. "0 ZERGY FCI/GRAM



Table 234. Radionuclide concentrations in fish (January 1972).
Concentration, pCi/g dry weight

Nuclide Sample No. of Samples Average High Low
137 All fish@ 128 0.39 6.8  0.026
60¢ All fish@ 128 2.0 38 0. 041

90g, All fish® 125 0. 16 1.5 0.0010
90Sr . Eviscerated 74 0.21 --- ---

whole fish
905, Fish muscle 51 0. 075 --- -

only

2 A1l fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscie was analyzed.

weight for use in the dose code by dividing
by 3.5, the average wet-to-dry ratio for
fish from the Atoll,

Integral doses calculated from -the
marine survey data are listed in Table
235 for the whole body and bone for 5,

10, 30 and 70 yr. The major contribution
to the whole-body dose comes from 137Cs
and GOCo, while the bone dose comes

90 137Cs and

from " Sr, as well as from
0o, 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.

Dte 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. |

coconut and arrowroot, the daily intake

Except for

of the food items listed in this table refers
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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.

that are available on islands of the group

This diet contains only foods

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. Iﬁ addition to the foods that
are available at the time of return, the
10-vr 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 dosea for 5, 10, 30, and 70 yr from the marine food chain.’

Integral dose, ['emb

5yr 10 yr 30 yr 70 yr
Nuclide w. B, Bone W. B. Bone W, B. Bone W. B. Bone
137cs  0.0061 0.0061 0.012 0.012 0,030 0.030 0.049 0.049
60co  0.0078 0.0078 0.012 0.012 0,017 0,017 0.017 0.017
90g,. -—-=  0.13 - 0.31 . 0.77 - 1.3
Sum 0.014 0.14  0.024 0.33  0.047 0.82  0.066 1.4
All . .
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.

six living patterns,

These doses apply to all

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:
3H SOCO 102Rh 137Cs . 152Eu 235U
14C QOSI‘ 113Cd 133Ba 155Eu 238Pu
55Fe 106Ru 1258b 144Ce 207Bi ' 239Pu
241Am

are presented on the right side of

Table 237 under the 8-yr post-return date,
January 1, 1982, In essence, the foods
immediately available are assumed to
contribute to the diet beginning January 1,
1974, and the edible plants that are yet to
be established are assumed to contribute

to the diet beginning January 1, 1982,
Using these data, plus the integrated

dose per unit rate of ingestion to whole
body and bone shown in Table 238, the
integral 5- and 10-yr doses shown in
Table 239 have been calculated. The

5- and 10-yr dosages partiéularly relate
to the situation during the initial few

years following return.
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" Table 241.

In computing the bone dose, the whole-
body dose from 137Cs and the other non-
bone seekers has been added io the bone
dose from 905r and 239’240Pu. The
whole-body dose has been computed as the
sum of the whole-body dosages from the
non-bone seekers.

Similarly, integral 30- and 70-yr
doses have been calculated assuming the
10-yr post-return diet (Table 240).

Total Dose

The total 30-yr integral dose pre-
dicted for whole body and for bone for
the six living patterns are listed in
This table includes the con-

tributions from each pathway and, for



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 u >Spe 60¢, 005, 137y 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 BELLE

Pork and chicken 302 6960

Total 302 6960

C. Island group JANET

Pork and chicken 108 2320

Wild bfrds 1800 7:70 0.29 2.5 0.100
Bird eggs 171 <0. 39 0.97 0.6 0.074
Total 1970 7.89 108 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
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‘Table 237. Rate of ingestion of radionuclides from terrestrial foods assuming 10-yr post-return diet.
Ingestion rate, pCi/day
January 1, 1974 January 1, 1982
Food item 55Fe GOCO DOSr 137CS 239, 240pu 3H SSFE GOCO S)OSr 137CS 239, 240Pu
A, Island group ALICE-IRENE
Domestic meat 308 5170
Pandanus fruit 941 8840
Breadfruit 807 7570
Wild birds 197 1.24 0.242 <0.5 0,0286
Bird cggs 34.5 <0.14 0.226 <0.1 0.0037
Arrowroot 47 71
Coconut meat 23.7 664 <16.3 135 2210 18.1
Coconut milk 35.6 <37 <8,5 20 331 <1.7
Total 231 1.31 308 5170 0.0323 59.3 6383 12.4 1950 19000 19
B. Island group BELLE
Domestic meat 504 11600 .
Pandanus fruit 1.34 <1.46 1540 19800 <9.5
Breadfruit 1.15 <1,25 1320 17000 <8.1
Arrowroot 11 159
- Coconut meat 221 4960
Coconut milk 33 743
Total 504 11600 2,50 1,35 3180 42700 8.8
C, 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 <0.19 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 0.2357 14.5 3.22 1140 14100 0.81




Table 237 (Continued).

Insestion rate, pCi/day

January 1, 1974

January 1, 1982

Food item 3H 55F‘e GOCO SOSr 137CS 2:0,240Pu 3H 55Fe GOCO SOSI‘ 137CS 235),240Pu
D. Island group KATE-WILMA + LEROY

Domestic meat 79 1430

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 56 <0, 14 0.01 <0.12 0,039

Arrowroot 12 20

Coconut meat 19.0 204. <1.05 34.7 619 <8.64
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 ALVIN-KEITH

Domestic meat 10.3 84.9

Pandanus fruit 1.33 <0.65 9,44 85.4 0.156
Breadfruit 1.14 <0. 56 8.09 73.2 0.134
Wild birds 340 1,28 0.073 0.51 0,141

Bird eggs 65 <0.17 0.008 <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 mitk 44,6 <33 <4.2 0.50 10.3 <0.386

Coconut crabs 2,91 4,23 2,58 9.3 0.023 l

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,

DT’

rem/pCi/day

Per: od of integration

Nuclide Organ 2 yr 5yr 10 yr 22 yr 30 yr 62 yr 70 yr

3H Whole body 4,51(-8)2 1;05(-7) 1.85(-7) 3.05(-7) 3.51(-7) 4,17(-7) 4,23(-7)

55Fe Whole body 7.50(-8) 2.35(-7) 3.73(-7) 4,29(-7) 4,32(-7) 4,32(-7) 4,32(-7)

60Co Whole body 1.27(-5) 2.96(-5) 4.65(-5) 6.093(-5) 6.33(-5) 6.46(-5) 6.46(-5)

g Bone 2.87(-3)  1.08(-2)  2.39(-2)  4.99(-2)  6.33(-2)  9.70(-2)  1.02(-1)

137Cs Whole body 3.49(-5) 9.62(-5) 1.89(-4) 3.74(-4) 4,71(-4) 7.22(-4) 7.61(-4)

. .
239,240p,  Bone 1.51(-6)  9.39(-6)  3.71(-5)  1.75(-4)  3.19(-4)  1.27(-3)  1.59(-3)
%The number within parentheses denotes the power of 10, Thus, 4. 51(-8) is a contraction of 4, 51 X 10_8 rem/pCi/day.
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Table 239.

Prediction of the dosage from ingestion of terrestrial foods assuming diet at the time of return,

5-yr dose, rem

10-yr dose, rem

. ‘\;!&' b

Isotope Whole body Bone Whole body Bone
~ A, Island group ALICE-IRENE
i 2.7(-6)
pe 2, 5(-4)2 4.4(-4)
60¢, 1.9(-4) 4.5(-4)
90g, 2.02 10, 1
137 0.298 1.25
239,240p, 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
pe 1.9(-7)
0¢o 1.7(-5)
905, 3.26 16.3
137¢s 0.669 2.81
239,240 p, 1. 3(-5)
Subtotal 0.67 3.26 2,81 16.3
o Total 5-yr whole-bcdy dose 0,67 rem Total 10-yr whole-body dose 2.81 rem
VZ‘-—; Total 5-yr bone dose 3.93 rem Total 10-yr bone dose 19.2 rem
7
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Table 239 (Continued).

5-yr dose, rem 10-vr dose, rem '
Isotope Whole body Bone Whole body Bone
C. Island group JANET
*Ope 4.6(-4) | 7.4(-4)
60co 2.3(-4) 4, 1(-4)
905, 1.18 5. 83
137cg 0.223 0.831
239,240p, 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 '
3n 5.0(-8) 2.2(-6)
ope 4.5(-4) 7.3(-4)
6%co 2.6(-4) - 6.0(-a)
905, 0.536 2,62
137¢q 0.0835 0.350
239,240p, 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 10-yr whole-body dose 0.351 rem
Total 5-yr bone dose 0.620 rem  Total 10-yr bone dose 2.97 rem
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Table 239 (Continued)

5-yr dose, rem

10-yr dose, rem

Isotope Whole bocy Bone Whole body —— Bone
E. Island group ALVIN-KEITH

3H 4. 9(-6) 8.7(-6)
SOpe 4.4(-4) 6.9(-4)
60¢c, 4.1(-4) 6. 5(-4)

gy 0.137 0.355
137 g 0.0130 0.0311

239,240p,, 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 5-yr bone dose 0.151 rem

Total 10-yr whole-body dose 0.032 rem

Total 10-yr bone dose

0. 387 rem

%The number within parentheses denotes the power of 10. Thus, 2.5(-4) is a contraction of 2,5 X 10-4.
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Table 240,

Prediction of the dosage from ingestion ¢f terrestrial foods assuming 10-yr post-return diet,

Ingestion rate,

pCi/day

30-yr dose, rem

70-yr dose, rem

Ingestion rate,
pCi/day

22-vr dose, rem

62-yr dose, rem

Isotope January 1, 1974 Whole body Bone Whole body 3Jone January 1, 1984 Whole body Bone Whole body Bone
A. Isluand group
ALICE-IRENE
3q ‘ 59.3 1.8(-5) 2.5(-5)
O pre 231 1.0(-4)2 1.0(-4) - 683 0.0003 0.0003
604 1.31 8.3(-5) 8. 5(-5) 12.4 0.0008 0.0008
905, 308 19,5 31. 5 1950 97.3 190
137 g 5170 2.44 3.93 19, 000 7.11 13.7
239,240, 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 3C-yr whole-hody dose 9.55 rem Total 70-yr whole-hody dose 17.7 rem
Total 30-yr bone dose 126 rem Total 70-yr bone dose 239 rem
B. Island group
BELLE
Pipe 2.50 1. 1(-6) 1. 1(-6)
60, -
Co 1.35 8. 2(-5) 8.7(-5)
{ .
9051 504 31.9 51.4 3180 159 309
3¢ 11,600 5.46 8.83 42,700 16.0 30.8
239,240, 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

30-yr dose, rem

=== pCi/day

Ingestion rate,

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
C. Island group
JANET
e 445 1.9(-4) 1.9(-4) 14.5 6.2(-6) 6.2(-6)
80¢cq 1.64 1.0(-4) 1.1(-4) 3. 22 2. 0(-4) 2, 1(-4)
204, 181 11.4 .4 1140 56. 9 111
D37 3870 1.82 2.95 14,100 5. 28 10.2
239,240, 0. 057 1. 8(-5) 9. 1(-5) 0.806 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
D. Island group
KATE-WILMA + LEROY
3y 0.480 2(-7) 2.0(-7) 47.5 1.5(-5) 2.0(-5)
e 416 1.8(-4) 1. 8(-4) 215 9.2(-5) 9.3(-5)
60¢q 2.59 1.6(-4) "1.7(-4) 14.4 8.8(-4) 9.3(-4)
905 81.0 5.13 26 500 24,9 48.5
1375 1440 0.677 1,09 5330 1.99 3.85
€
239,240, 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-yr dose, rem

70-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
g 76. 8 ©1.3(-5) 3.3(-5)
e 433 1.9(-4) 1.9(-4) 2.48 1.1(-6) 1.1(-6) -
60¢g 9.17 5.8(-4) 5, 9(-4) 0.60 3.7(-5) 3.9(-5)
Y05, 16.8 1.07 1,72 18.0 0.898 1.75
137 g 174 0.0819 0.132 159 0.0596 0.115
239,240, 0.49 1.6(-4) 7.8(-4) 0.290 1.8(-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

aTh_e number within parentheses denotes the power of 10; thus, 1,0(-4) is a contraction of 1,0 X 10-4.
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Table 241, The 30-yr intégral dose for the six living patterns assuming unmeodified conditions,

30-yr integral dose, rem

Unmodified conditions

Inhalation External Terrestrialb Marineb Total
a
Living Bone,
pattern Bone Lung Liver W. B, V/.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
1I 0.029 0.036 0.016 1.6 T 33 0.053 0. 84 4.4 35
11T 0.10 0.13 0.056 4.0 7.1 75 0,053 0.84 11 80
v 0.47 0.59 0.25 10 21 210 0.053 0, 84 31 220
\'% - 0.11 0,13 0.058 2.9 2.7 33 0.053 0.84 5.7 37
VI 0.090 0.11 0.049 4.4 A 9.6 130 0.053 0.84 14 135
Living pattern Village island Agriculture Visitation
I Enewetak-Parry A LVIN-KEITH Southern Is,
II Enewetak-Parry KATE-VILMA + LEROY Northern Is.
111 JANET JANET Northern Is,
v BELLE ' BELLE Northern Is,
v JANET KATE-"NVILMA + LEROY Northern Is,
Vi JANET ALICE-IRENE Northern Is,

8Taken from the chapter on external dose estimates, Tablz 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

heen calenlated for 5 10 and 70 vr and

are shown in Table 244,
The most significant contribution via
the terrestrial food chain is the dose to

bone resulting from 905r 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 doges 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 137Cs, 23%9pu
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 °0OSr,
0.019 rem due to 137Cs, and 0.00082 rem
due to 239Pu.
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pandanus fruit and breadfruit, For living
pattern IIl, for example, the total
terrestrial bone dose is 75rem, of which
74% is derived from the intake of bread-
fruit and pandanus. It is important to note,
however, that the large contribution tc
the bone dose via these fruits occurs only
when they are grown on northern islands.
Pandanus and breadfruit grown on the less
contaminated southern islands lead to
much lower dose commitments,

Table 245 shows the 30-yr integral
dose for the six living patterns for the

modified soil condition, i.e., where the

village area has 5 cm of gravel and the
Table 246
shows the 5-, 10-, 30-, and 70-yr dose

village island is plowed.

estimates for the same conditions.

Table 247 shows the additional effect
on the 30-vr integral dose of limiting
growth of pandanus, breadffuit, 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

dose over 30 yr is shown in Table 249,
Plutonium isotopes, because of their

long half-lives, will still be present

when the other major isotopes observed

at the Atoll have decayed away; therefore,

Tables 250 and 251 are included to show

the predicted doses from plutonium to

the three major receptor organs (lung,

liver, and bone) via the three relevant

exposure pathways.



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 fromthe
tower to CACTUS crater. Examination of
these ""hot spots'' has revealed the presence
of occasional milligram-size pieces of plu-
tonium metal, as well as smaller pieces
which are physically indistinguishable in
size from the surrounding coral matrix.
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.

Table 242.
~ diet at time of return,

The potential health hazard via the
inhalation pathway is sufficiently great
to dictate two basic altergatives 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
neceséary to reduce the soil plutonium
concentration to a level cpmparable 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
rn3 of material. Further removal of soil
to reduce the maximum plutonium con-
tamination levels to 50 pCi/g or less
involves an additional 25,000 m3 of

material.

Relative contributions of terrestrial foods to the integral dose assuming

Percentage of total 5-yr

Percentage of total 10-vyr

9

137 9051‘ dose 137

Food item OSr dose Cs dose Cs 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 7.
Pandanus fruit 27.0 24. 6
Breadfruit 23.2 1.1
Ar‘rowAroot 1.4 0.20
Coconut meat 3.9 .2
Coconut milk 0. 58 0. 92
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Table 242 (continued)

Percentage of total 5-vr Percentage of total lo-yr.

. = - o
Food item Wsr dose 137Cs dose sr dose B37¢s dose

to bone whole bodyv to bone whole bodv

C. Island group JANET

Domestic meat 99.1 100 43. 9 47.0
Pandanus fruit 26.9 24. 8
Breadfruit 22.9 20. 8
Wild birds 0. 27 0.11 0.12 0. 05
Bird eggs 0. 89 0. 03 0. 39 0. 01
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
Arrowroo. 1.5 G. 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 2.5 L5
Bird eggs 0.2 <0. 26 0.13 0. 21
Arrowroot o _ 0. 38 0. 08
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 5.6

II-62
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Table 243. Relative contributions of terrestrial foods tc the integral dose assuming 10~yr post-return diet.

Percentage of total 30-yr dose

Percentage of total 70-yr dose

90

Sr dose to

bone

137

Cs dose to
whole body

90

Sr dose to

bone

137

Cs dose to
whole body

Commencement date

Commencemant date

Commencement date

Commencement date

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1]82 1/1/74  1/1/82
A. Island group ALICE-IRENE
Domestic meat 16.7 25,5 14.2 22.3
Pandanus fruit 40,2 34.7 41,4 36.2
Breadfruit 34.5 9.6 35.5 31.0
Wild birds 0.0l <0,002 0.01 <0.002
Bird eggs 0.01 <0. 0005 0.01 <0.004
Arrowroot 0.28 2.1 0.29
Coconut meat .8 8.7 5.9 9.1
Coconut milk .85 1.3 0.88 1.4
Subtotal’ 17 83 26 4 14 86 22 78
B. Island group BELLE
Domestic meat 16.7 ] 25.4 14,3 22.3
Pandanus fruit 40.2 i4.5 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. 86 1.3 0. 89 1.4
Subtotal 17 83 25 "5 14 86 22 78
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Table 243 {Continued).

Percentage of total 30-yr dose

Percentage of total 70~-yr dose

9oSr dose to

bone

137Cs dose to

~ whole Hody

9

OSr dose to
bone

137
whole body

Cs dose to

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 0.28 2.1 0. 29
Coconut meat . 8.7 5.9 9.1
Coconut milk 0.88 1.3 0.90 1.4
Subtotal 17 83 26 74 14 86 23 77
D. Island group KATE-WILMA + 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
Bird eggs 0.002 0.003 0.002 0.002
Arrowroot 2.0 0.28 2.0 0.29
Coconut meat 5.7 .7 5.9 9.0
Coconut milk 0. 86 1. 0.89 1.4
Coconut crabs _0.41 0.13 0.35 0.12
Subtotal 17 83 25 75 15 85 22 78




Table 243 (Coritinued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

¢9-1II

9081‘ dose to 137Cs dose to 9OSr‘ dose to 137Cs dose to
bone whole bdy bone whole body
Commencement date Commencerient date Commencement date Commencement date
Fodditem 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 25.0
Breadfruit v 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 0.18 1.3 0.20
Coconut meat 10.8 22.9 ' 9.9 21,2
Coconut milk 3.4 1.5 3.2
Caconut crabs 3.1 7.6 2.9
Subtotal 54 " 46 58 42 50 50 54 46
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Table 244. The 5-, 10-, 30-, and 70-yr dose¢s for the six living patterns assuming

unmodified conditions.

Total integral dose, rem
Unmodified conditions

Living Syr 10 yr 30 yr 70 yr
pattern W. B, Bone W. B, Bone W, 1. Bone W.B. Bone
1 0. 17 0.58 0. 35 1.4 1.0 3.8 2.3 8.5
Il 0. 48 1.3 1.1 2.3 4.4 35 8,0 68
I 1.2 2.6 2.1 (.2 11 80 20 150
v 3.4 6.9 7.6 2¢ 31 220 56 420
vV 0. 81 1.6 1.7 4.9 5.7 37 10 71
Vi 1.5 3.8 3.3 14 14 135 25 250

Table 245, The 30-yr integral dose for the six living patterns assuming modified conditions.

30-yr inteyrral dose, rem
Modifiec conditions

External

Inhalation Terrestrial Marine Total
Living
pattern Bone Lung Liver Bone, 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
I1 0.012 0.015 6.6(-3) 1.1 2.7 33 0.053 0.84 3.9 35
I11 0.045 0,056 0.024 1.7 7.1 75 0.053 0.84 8.9 78
v 0.092 0.11 0.050 3.3 ‘1 210 0.053 0.84 24 215 “”"
\Y 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 tke 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 cose, rem
Modified con-litions

Living 5yr” __EL 30 yr 70 yr
pattern W. B. Bone W. B. Bone W. B. Bone W. B. Bone
| 0. 17 0. 58 0. 35 1.4 1.0 3.8 2.3 8.5
11 0. 48 1.3 1.1 4,3 3.9 35 8.0 68
111 0. 60 2.1 1.7 3.2 8.9 78 16 150
v 1.5 5.0 1.3 22 24 215 46 410
\Y% 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 patterrs assuming modified conditions and agriculture on the
.southern islands. :

30-yr integral dose, rem

o . a . .
Modified conditions™ and pandanus, breadfruit, coconut, and tacca grown on southern islands

2

Inhalation External Terrestrial® Marine Total
Tiving 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
11 0.012 0.015 0.0066 1.1 0.77 7.1 0.053 0.84 1.9 9.1
111 0.045 0.056 0.024 1,7 1.9 15 0.053 0. 84 3.7 18 T
v 0,092 0,11 0.050 3.3 5.7 39 0.053  0.84 9.1 43
Y 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 0,84 5.7 21

“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.

-yr integral lose, rem
Modified conditions™ and agriculture on southern islands

Inhalation External Terrestrial Marine Total
Living Bone, i
pattern Bone " Lung Liver W. B. 'N.B. Bone W.B. Bone W.B. Bone
1 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
11 0.012 0.015 0. 0066 1.1 0.14 2.1 0,053 0. 84 1.3 4,1
11T . 0.045 0. 056 0.024 1.7 0.14 2.1 0.053 0. 84 1.9 4,7
v 0.092 0.11 0.050 3.3 0.14 2.1 0.053 0.84 3.5 6.3
\Y 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 tle village island.

Table 249, The 30-yr integral dose from all pathways compared to U. S. external
__background dose,

30-yr integral dose,zl rem

Unmodified casc Modified case

Location Whole bady  Bone Whole body  Bone
Enewetak Atoll
Living paltern 1 1.0 3.8 1.0 3.8
Encwetak Atoll
living pattern 111 11 80 8.9 . 18
Iinewetak Atoll
Living pattern LI, agriculture
confined to southern islands 4.2 7.0 1.9 4.1
U. S. background ()nlyb 3.0 3.0 3.0 3.0

a. L . .
Sum of all pathways for the Encwetak living patterns (i, e., externai, inhalation,
marine, and terrestrial),

Bascd upon backgronnd of 100 mrem/yr at sea level,
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Table 250, The piutonium 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 :ntegral dose, rem
Unmodifiel conditions
Livi Marine Terrestrial Inhalation Total
Aving
pattern Bone Liver Lung Bone Liver = Luag 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)
I 0.018  0.047 - 1.5(-3) 5.0(-3) 0.029 0.016 0.036 0.049 0.068 0.036
171 0.018  0.047 - 6.9(-3) 5.3(-3) 0.1¢ 0.056 0.13 0,12 0.11 0.13
v 0.018  0.047 - 3.0(-3) 0.010 0.47 0.25 0.59 0.49 0.31 0.59
vV 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 0.080 0.049 0.11 0.11 0.11 0.11
Table 251, The plutonium 30-yr-integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes modified conditions.
Plutonium 30-y1* integral dose, rem
Modified conditions
Marine Terrestrial Inhalation Total
Living :
pattern Bone Liver Lung Bone Liver Lung Bone Liver Lung Bone Liver Lung
1 0.018 0. 047 - 5.0(-5) 1.8(-4) - 3(-4) 2(-4) 4(-4} 0.018  0.047  4{-4)
11 0.018 0. 047 - 1.5(-3) 5.0(-3) - 0.012 0. 0066 0. 015 0. 032 0. 057 0. 015
111 0.018 0. 047 - 6. 9(-3) 5.3(-3) - 0. 045 0. 024 0. 056 0. 070 0. 076 0. 056
v 0.018 0. 047 - 3.0(-3) 0.010 - 0. 092 0. 050 0. 11 0.11 0. 11 0.11
vV 0.018 0. 047 - 5.0(-5) 1.8(-4) - 0. 045 0.024 0. 056 0. 063 0,071 0. 056
VI 0.018 0. 047 - 3.0(-3) 0.010 - 0. 058 0. 031 0. 072 0.079 0. 088 0. 072




APPENDIX III
REVIEW OF RADIATION PROTECTION STANDARDS

The Task Group has considered a number of concepts in devising an
approach to guidance for cleanup and rehabilitation of Enewetak Atoll,
accepting some and rejecting others., Notably, the concept that AEC
recommendations should consist 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 was rejected. The consensus of the

Task Group opinion was that these recommendations should be
specific and unequivocal, and should establish a clear position on
what is needed, To do less would be unfair to the Federal agencies
who have accepted responsibilities to perform the rehabilitations and to
the Enewetak people who are looking to this agency for advice.

The judgement of the Task Group is that rehabilitation must conform

with current radiation standards applicable for normal operations (not

for accidents or for radiation workers) and with good health physics
practice in implementing these standards. A summary of current radia-
tion protection standards and material related to health risks that may be
associated with the standards reviewed and radiation criteria recommended

by the Task Group follows.

A, Federal Radiation Council (FRC)

Basic FRC numerical guidance and health protection philosophy
are similar to those of the ICRP and NCRP. Radiation Pro-
tection Guides (RPG's) are provided which deal with exposures

of individuals and of population groups. Actions are to be di-
rected 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 environmeit in order

to 1limit intake by humans. The RPG's express the dose that
should not be exceeded without careful coensideration 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. The RPG's are intended for use with normal peace-
time operations. There should be no man-made radiation exposure
without expectation of benefits from such exposure. Considering
such benefits, exposure at the level of the RPG is considered as
an acceptable risk for a lifetime. The RPG's for the population
are expressed in terms of annual exposure, except for the gonads,
where the ICRP recommended value of five rems in 30 years is
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used. FRC states that the operational mechanism described
for application of criteria to limit the whole body dose for
individuals to 0.5 rem per year and to limit exposure of a
suitable sample 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 in-
dividual exposures are known; otherwise, the guide for a suitable
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, summarized in
Table I. Secondary numerical guides developed by FRC are
expressed in terms of daily intake of specific radionuclides
corresponding to the annual RPG's. Consideration is given

to all radionuclides through all pathways to derive a total

annual exposure for comparison with FRC guides. However, for
many practical situations, relatively few radionuclides yield the
major contribution to total exposure; by comparison, exposures
from others are very small.

TABLE I | :
FRC RADIATION PROTECTION GUIDES L/

INDIVIDUAL POPULATION GROUP

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 3/ 1.5 rems/yr 0.5 rem/yr

Bone (alternate — 0.003 pg of 226
guide) 226Ra in adult 0.001 pg of Ra

skeleton in adult skeleton

1/ For conditions and qualifications see FRC Report Nos. 1 and 2,

2/ Based upon a child's thyroid, 2 gms in weight and other factors
listed in paragraphs 2,.10-2.14 of FRC Report No. 2.

226R

3/ Or the biological equivalents of these amounts of a.
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The International Commission on Radiological 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
energy. ICRP recommendations deal with the basic principles

of radiation protection. To the various national protection
bodies is left the responsibility for introducing the detailed
technical regulations, recommendations, or 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 acceptable level. It holds that it is unknown whether a
threshold exists, and it is assumed that even the smallest doses
involve a proportionately small risk. No practical alternative
was found to assuming a linear relztionship between dose and
effect, This implies that there is no wholly ''safe' dose of

radiation.

Exposure to natural background radiation carries a probability
of causing some somatic or hereditary injury. However, the
Commission believes that the risk resulting from exposures
received from natural background should not affect the justification
of an additional risk from man-made exposures. Accordingly,
any dose limitations recommended by the Commission refer only
to exposure resulting from techrical practices that add to natural
background radiation. These dose limitations exclude exposures
received in the course of medical procedures. (These same
gualifications with regard to natural background and medical
procedures are applied to NCRP and FRC recommendations.)

ICRP developed the concept of '"zcceptable 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 dose to a level at which the assumed
risk is deemed to be acceptable to the individual and to society
ir view of the benefits derived from such activities.

For planned or controlled exposures of individuals and populations,
the ICRP has recommended the term "dose limit.'" Recommended
dose limits are thought to be associated with a very low degree of
risk. For unplanned exposures from uncontrolled sources
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the term "'action level' is recommended. In general it

will be appropriate to institute countermeasures only

when 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 expos ¢ members of the public to doses as
high as those considered to be acceptable for radiation workers
because children are involved, members of the public do not
make the choice to be exposed, and members of the public are
not subject to selection, supervision and monitoring, and are
exposed to the risks of their own occupations. For planning
purposes, dose limits for members of the public are set a

factor of ten below those for radiation workers.

The ICRP dose limits for individual members of the public are
presented in Table II. No maximum ''somatically significant"
dose for a population is given. The genetic dose to the population
should be kept to the minimum 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 limit.

TABLE I
ICRP DOSE LimITs &/
Individuals Population

Gonads, red 0.5 rem/yr -

bone-marrow
Skin, bone, 3.0 rems/yr 2/ -

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.
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National Council on Radiation Protection and Measurements> (NCRDP)

The NCRP position is that the rational use of radiation should conform
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 jonizing
radiation are assumed.

The NCRP has adopted the assumption of no-threshold dose-effects
relationship and uses the term '"dose limits' in providing guidance
on population exposures. All radiation exposures are to be kept
as low as practicable. The numerical values of exposure as pre-
sented are to be interpreted as recommendations, not regulations.
Use of the no-threshold concept involves the thesis that there is

no exposure limit free from some degree of risk.

To establish criteria,- NCRP uses the concept of '"'acceptable risk"
(where the risk is compensated by a demonstrable benefit) broken
down to fit classes of individuals or population groups exposed

for various purposes to different quantities of radiation. Numerical
recommendations for dose limits are necessarily arbitrary because
of their mixed technical value-judgement 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 so well offset

by perceptible benefits when used as intended, that public appro-
bation will be achieved when the informed public review process is
completed.

For peaceful uses of radiation, NCRP provides yearly numerical
dose limits for individual members of the public, considering
possible somatic effects, and strongly advocates maintenance of
lowest practicable exposure levels, especially for infants and the
unborn. NCRP also recommends yearly dose limits for the
average population based upon somatic and genetic considerations
and recommends the same value as ICRP of 5 rems in 30 years for
gonadal exposure of the U.S. population. Table III contains a
summary of recommended values, NCRP Report No. 39 en-
titled, '"Basic Radiation Protection Criteria, ' dated January 15,
1971, contains the most recent updating of NCRP recommendations
for protection of the public.

#Formerly known as the National Committee on Radiation Protection
and Measurements,
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TABLE III

NCRP DOSE LIMITS -1—/
Individual Population
Whole body 0.5 rem/yr 0.17 rem/yr
Gonads - - 0.17 rem/yr 2/
Gonads (alternative 3/ ’ 5.0 rems/30 yrs

objective)

Criteria Against Which Survey Findings and Alternative Measures
Will Be Evaluated

The Task Group approached the question 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 F 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 recommenda-
tions are to be based on an evaluation of the significance of all
radioactivity on the Atoll in terms of the total exposure to be ex-

pected in the returning population, and on consideration of those
reasonable actions and constraints which, where made, will result

in minimum exposures.

The guidelines used in deriving these recommendations can be
summarized as two interdependent considerations:

1. Expected exposures should be minimized and should fall ina
range consistent with guidance put forward by the Federal
Radiation Council (FRC).

1/ For conditions and qualifications on application, see NCRP
Report No. 39, "Basic Radiation Protection Criteria,"

2/ 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.

3/ See paragraph 247, NCRP Report No. 39.
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2. Actions taken to reduce exposures should be those which
show promise of significant exposure reduction when
weighed against total expected exposures and the ''costs'
of the actions. '"Costs, ' in this context, are measured
primarily in terms of costs to the Enewetak people as
constraints on their activities or as dollar costs for
cleanup or remedial action.

In these evaluations, it should be emphasized 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 sub-
stances such as soil and foodstuffs, there is general agree-
ment in terms of conservative models of these pathways 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 agreement as to the quantitative relationship
between levels in soils and dosages to be expected through the
inhalation pathway, the primary one through which man can
receive a significant dose from plutonium. The ICRP recommends
a maximum permissible average concentrat1on (MPC) of 1
picocurie per cubic meter (pC1/m ) of air for "insoluble"
plutonium and 0. 06 pC1/m for "'soluble' plutonium for un-
restricted areas. While the plutonium in the soil at Enewetak

is thought to be typical of world-wide fallout, and therefore
insoluble, 0.06 pCi/m3 will be used for the sake of conservatism.

Appendix A of Enewetak Radiological Survev, NVC-140, presents
two possible methods for deriving the exposures that may occur
through the inhalation pathway for plutonium in soil. (This is
the pathway of interest for the present although it is recognized
that for the very distant future, ingestion may become more
important by comparison. Table 250 of Anpendix II shows that
exposure to bone, liver, and lung from ‘—39Pu is expected to

be a few hundredths of a rem in 30 years for pathways other than
inhalation.) This material is produced as Attachment I of this
section. The two methods presented are the ''resuspension-factor
approadl and the mass-loading" aporoach Soil concentrations
of 239Pu that would be associated with the standard for 239Pu

in air (0, 06 pCl/n13) by the two methods are:

1

-7



Resuspension-factor approach ¢eeveeecessss 1,000 pCi/g

Mass-loading approach ceeeceescacescssces 600 pCi/g

A recent report, A Proposed Interim Standard for Plutonium
in Soils L A5483-MS, presents recommendations derived
from estimates of exposure through inhalation considering
the concentration of 239Pu in the very top surface soil.

The following values were recommended:

400 pCi/g - For all particle sizes provided no more than
200 pCi/g in < 100/mm size.fraction.

A revised Maximum Permissible Concentration, MPC, of
0.3 pCi/rn3 for individuals was used in these determinations.
The estimates apply to large area contamination, Levels
several times larger could be permitted for localized de-
position.

The Task Group recognizes that the islands of Enewetak Atoll
are small and that the areas of highest 239Pu 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 agreement as to the critical organ for inhaled plutonium,
whether to use an average dose for this organ, or the model
to be used to predict dose. It is the view of the Task Group
that available biological and environmental information is

not adequate to establish general guidance for cleanup of
plutonium contaminated soil, However, guidance for a
particular set of circumstances or conditions can be developed
on a case-by-case basis using conservative assumptions

and safety factor. The following guidance is recommended
only for use in making decisions concerning plutonium cleanup
operations on islands of Enewetak Atoll:

1. Any areas or locations where soil concentrations of 23913\1
are greater than 400 pCi/g should receive corrective action
with contaminated soil removed for disposal.
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2. 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.

The following guidance is provided for this evaluation:

de

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.

Removal of 2391—"11 contaminated soil is better justified within
the range above for the larger islands such as JANET or
SALLY where permanent housing may someday be located and
for near surface locations on the larger islands.

The smaller islands may be considered of less concern. Their
long-term outlook is uncertain since they are sometimes in-
creasing in size and sometimes erroding away. Small islands
may be washed over by storm 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 re-
moval in this range increases as the soil ccncentration

increases.

Once an action is taken, the objective is to achieve a sub-
stantial reduction in plutonium soil concentrations, and

further, to reduce concentrations to the lowest practicable level,
not to reduce them to some prescribed numerical value.

3. Areas or locations showing less than 40 pCi/g do not require
corrective action because of the presence of plutonium alone.

E. Recommended Guides

The standards issued by FRC are recommend as the basic guidance
for evaluation of exposures to individuals to Enewetak.
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This is recommended 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. This is applied so
that the Enewetak people will not be denied benefits of future
nuclear technology because they are receiving exposures from
man-made radiation at the maximum level of acceptable standards.
2. Environmental followup surveys and studies of radioactivity
levels in people are performed such that the full range of
radiation exposures of individual members of the Enewetak
population will be known,

3. Exposureé of the Enewetak people are kept to the minimum
practicable level.

Survey, Cleanup, and Rehzbilitation Evaluation

It is recommended in this context that:

1. The FRC Radiaticn Protection Guide (RPG's) for individuals should
be used as the basic standard. The requirement is to assure
that exposures for continuous residence in Enewetak Atoll will
be well within the annual and 30-year criterion. While these
are conservative standards from a health view point, there is
no built-in conservatism to account for uncertainty in pre-
diction of annual exposures to individuals. Because of the
complex circumstances of exposure and the many pathways,
each with its uncertainty, the Task Group recommends use
of 50 percent 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 vvviveesenssessscsasess0.25 Rem/yr
Bone marrow ceseecesesesesenssss0.25 Rem/yr
BONCeuuveseseoossnssesssncessoanes 0.75 Rem/yr
Thyroid ceeeeesenssessssccsasesss0.75 Rem/yr
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2. The Task Group recommends use of 100 percent of the FRC
RPG's to evaluate post-cleanup and rehabilitation and post-
return conditions wherein direct measurement of levels
of radiation and radioactivity in foods and in people are
made. Under such conditions, dose estimates should be
subject to much less uncertainty. The requirement is to
assure that exposures are well within the FRC standards.
See Section A. of this Appendix for the FRC RPG's.

3. The criteria for evaluating gonadal exposures at Enewetak
Atoll should be 4 rems in 30 years. The requirement is to
assure that long-term exposures will be well within this
criteria. The Task Group feels justified in using 80 percent
rather than 50 percent of the FRC standard since there will
be ample time to verify exposure estimates using actual
sampling of the diet and time to follow the changing pattern
of exposures of people,

239

4, The recommended guidance for cleanup of Pu in soil

at Enewetak Atoll is:
a. <40 pCi/g - corrective action not required.

b. 40 to 400 pCi/g - corrective action mavy be needed. Action
to be taken should be determined on a
case-by-case basis,

c. > 400 pCi/g - 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 criteriz in the vear of hichest dose, there will
not be a requirement for limiting longer term cumulative
exposures, On the other hand, implementation of the
"lowest practicable' concept will require considerations of
effectiveness of remecdizl measures to reduce both annual and
longer term exposures to the extent practicable.

Risk Considerations

The Task Group and its technical advisors have reviewed the
availlable information from ICRP, UNSCIAR, and the National
Academy of Science BEIR Committee that could be used to

Yy
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estimate the health risk that may be associated with long-term
exposures at the level of the radiation dose and soil removal
criteria being recommended. It is clear from 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
emitters and particularly for plutonium, the situation is even

less satisfactory. UNSCEAR has summarized their findings

by stating that one should not extrapolate in a linear fashion

from effects seen at high doses and dose rates to effects at

low doses and dose rates since there is strong likelihood of
recovery and repair., The BEIR Committee, using only human
data, concluded that since the low dose data were incomplete,

one should conservatively assume a linear no-threshold dose-effect
curve drawn through data obtained at high doses and dose rates.
The committee further suggested that if this linear no-threshold
curve is assumed to be correct, it follows that 6,000 cases of
cancer would be produced each year in a population of 200,000, 000
people exposed at a rate of 0.17 Rem/yr. (This is the FRC RPG
for population groups - see Table I.) For the Enewetak population
of less than 500 exposed at the same level, one can make the
following estimate:

6 X 103 cases/vr X 500 people = 1.5 X 10-2 cases of cancer/yr
2 X 10% people

Using a linear dose-effect curve, exposure at the level of the
recommended criterion of 0.25 Rem/yr would give 2.2 X 10-2
cases per year., The Task Group views this as a pessimistic
upper limit of risk. It could be inferred that there may be
between zero and three cases of cancer in 100 years if the
entire Enewetak population were continuously exposed to

0.25 Rem/yr over that time period.

Most of the exposure to whole body, at Enewetak, and in fact,

to all organs will come from internal emitters. The shape of the
dose-effect curve for exposures from internal emitters is most
uncertain because of lack of experience and lack of confidence

in extrapolation of higch dose and dose rate eifccts into the very
low dose and low dose rate situation. A lack of confidence in

1-12



the statistics and risk estimate drawn therefrom has therefore
led the Task Group to have serious reservations about their
validity, The Task Group holds the opinion that such estimates
cannot be used in any definitive way to draw conclusions on
whether current radiation standards are too high or too low

or as a basis for decision-making relative to resettlement of
Enewetak Atoll, While the risk associated with doses at the
level 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 rehabilitation 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
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Relationshin Between Resusoended
Plutonium in Air ang PPiuton:um 1n Soil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livermore, California

There are no general models that may
be used with confidence to predict the
resuspended air activity in the vicinity of

an area contaminated with 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 with a

few centimeters of the soil surface.

Resuspension Factor Approach

The resuspension factor, K, is defined

as 3
K = Air concentration (Ci/m") )
Surface deposition (Ci/m?)

and thu_s has units of m_l. It is almost -
always implied that both measurements
The diffi-

culties with this approach are fairly

are made at the same location.

obvious — no allowance is made for the
geometrical configuration of the source,
the particle-size distributions of the con-
taminant and the soil surface, vegetation
cover, étc. Stewa.rt1 and ]\‘Iishima2

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 107° to 10'13/m. Most of the high
values, however, are derived {rom experi-
ments with laboratory floor surfaces and/

or with artificial disturbance.

. . 1
For outdoor situations, Stewart™ sug-
gests as a guide for planning purposes

that a value for K of lO-G/m be used

"under quiescent conditions, or after
administrative control has been established

" A value of

in the case of an accident.
10'5/m is suggested under conditions of
moderate activity. Stewart states, how~-
ever, that exceptionally higher values
(mean of 10_5/m) were observed during
the Hurricane Trial (Monte Bello Islands)
and credited this to the nature of the
small islands exposed to sea breezes.
Values approaching 10-3/m when dust is
raised by pedestrians and vehicles are
also reported by Stewart,

Kathren3 has also considered the re-~
suspension factor approach and has
recommended the use of 10‘4/m as a
conservative but appropriate value for
setting standards for PuO2 surface con-
tamination,

%3 has suggested that a

Langham
value of lO-G/m is a reasonable average
value to use in estimating the potential
hazard of occupancy of a plutonium-
cohtam'mated area. At the same time,

however, Langham notes that many

‘measured values lie in the range of 10-5

to 10-7/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-

1,

tion, Numerous studies 5-8 have shown
that air concentrations of resuspended
With the

assumnption that this decrease can he

materials decrease with time,

represented by a singZlc exponential func-
tion, half-times of 35 to 70 days have

been reporteds’ 7,38 This decrease in
air activity is not explainable by the

relatively minor loss of material from
the initial site of depositionl' 6, but is

,'%K‘,
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presumably caused by the migration of
the initial surface-deposited material
into the soil,

Attempts to use tk-xe 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 daysB’ 4

. There are
major uncertainties in such a formulation,
however., The longest study of this de-
crease with time extended to only~11 mo
following the initial depositione, which
is extremely short compared to the half-
life of a radionuclide such as 239Pu.
There are also published reports which
indicate on experimental and theoretical
bases that the decrease with time will
not be adequately represented by a single
exponential function, but that the rate of
decrease itself will also decrease with

timel’ 6.

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
féirly well-documented rapid decrease at
early times, However, it is obviously
the controlling factor for questions con-
cerning the reoccupaticon of areas many
years after the contaminating event.

As an illustration, the most conserva-
tive published model (KathrenS) may be
used to calculate a resuspension rate for

material 15 yr after deposition:

_4 -- - _ \
10 ( 0.693 X _15v X 365d

m : 425d A }
~10"%/m,

If, however, the resuspension rate
asymptotically approached some finite
value 10-6 of the original, then the resus-

pension rate 15 yr later would obviously

be lO-IO/m. However, the total inte-
grated air activity (fromt = 0 to o« for

239Pu would be changed only by

> o]
A X 10'4f exp (- 0.693t/45d) dt
o

[¢ o]
+ax10 19 [ exp (- 0.693t/24, 400y) dt
(o]
i -3 -3
=6.5a%x 1073 +1,3a%x 1073,

which is an increase of 20%, and more
importantly, cr;mnot 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 reoccupation of areas many
years after the contaminating event,

The resuspension-factor approach can
be applied in an approximate v‘;ay, how -
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 239

was deposited following 22 high-explosive

Pu at'this location

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-

239Pu from a

cerning resuspension of
source of this age,

Data from two tvpes oI measurements
are available and can be used to derive
average resuspension factors, The first
tvpe of measurement9 was accomplished
by placing five high-volume cascade
impactorslo within the most highly con-

taminated area, and running them for

HI-17



36 days, from July 7 to August 12, 1972,
The collected 239, 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, 240Pu concentration varied from
1.ox10 103, 9x10 M uci/em’,
with an average of 2, 3 X 10”14 ,uCi/crn3
for the five samplers. At the present
time only limited data are available re-
garding the soil activity in the area. ~
Four soil samples of depth 0-3 cm from
approximately the same location have
.been analyzed with reshlts11 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 cantained within
the top 2.5 cm of the soillz. Measure-
ments of soil density in the area average
1.8 g/cm3 . The resuspension factor

is therefore .
14 . 3

2.3X 10 uCi w2 cm
cm® 2700 dpm " 1,8 g
0.9 _10% cm o 2.22 X 10% dom
X X X -
3 cm m uCi

=3%x1071%m,

Additional air samples were taken by
the Reynolds Electrical and Engineering
Co. (REECo) on the edge of the contamin-
ated area during the pericd of February
1671 to July 1972, with a sampling time
of approximately 48 hr13 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
recorded. Here, 254 individual air-

filter samples were collected and detec-

239, '.’AOPU

concentrations ranged from 3,5 X 10-17
to 6.3 X 10-13 uCi/cmB, with arithmetic
and geometric means of 6,6 X 10-15 and
7.9 % 10718

sults for four soil samples taken from

table results reported for 236,

uCi/ cm3, respectively, Re-

approximately the same location range
from 128 to 202 dpm/g, with a mean of
160 dpm/gu. Because the arithmetic
mean is a better representation of average
lung exposure, it is used to derive a re-

suspension factor at this site:

6.6x10° % uci, g cm’
cm? 160 dpm ~ 1.8 g
0.9 10%cm  2.22x10°% dom
3 cm m uCi
-2%X10 Y/m.

This value is nearly an order of magni-
tude higher than the cne previously calcu-
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

qQ
239, 240Pu contaminated

arise from a
area which has weathered for 15 to 20 yr.
The data discussed above also demonstrate
unequivocally that resuspension of

)
239, 240p, does in fact occur from such
aged deposits and at ievels many orders
of magnitude higher than would be ex-
pected if the often ncted decrease with
time were represented by a single exponen-
tizl function with a half-time of 35 to 70

days.
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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
material is derived from the contaminated
soil, For fresh deposits this approach is
not valid because the freshly deposited
debris is much more likely to be resus-
pended than the remainder of the
weathered soil 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, 240Pu were preferentially associated
with the smaller particle sizes more
y 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 um
for 239, 240

median aerodynamic diameter was 1,7 um,

likely to become airborne,

determined by soil anag.lyses14

Pu, whereas the total mass

The specific activity of the material col-

lected on each stage can also be examined
for a preferential association of plutonium
with particle size. Average data from all

five samplers are:

Size, um 239, 240Pu; dpm/g
>7 950

3.3to 7 700

2,0to 3.3 1030

1.1to0 2,0 1300

0.01to 1.1 480

All stages 820

(Soil) (2700)

TYr

Although there is considerable spread
in these data, there is no indication of a
preferential association of 239, 240Pu
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 assume that this is generally
true, a general 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 for-the
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 playing in sand, adults cul-
tivating crops, etc., may generate their
own "ambient air' which contains much
more mass than would be recorded by a
remote stationary sémpler.

The lower and uppef bounds of am‘&ient
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

10 ug/m® %)

The upper bound can be
established in a reasonable wav by the
levels found in mine aimospheres which
have led to a considerable prevalence of
paeumoconicsis in the affected -.-.xur".-;cralt
Examination cf these data iadicate that
current stundards for occupational dust
exposure (~1-10 mg,’mg) have a very
small, or perhaps no margin of safety,
such that a reasonable upper bound can

-

be taken as 1 mg/ n13. British data



indicate that if the general public were
exposed to dust levels in excess of

1 mg/ms, the public healtin problem from
the dust alone might be enormous., The
reasonableness of the upper limit value
of 1 mg/n13 is also demonstrated by data
which indicate that nonurban ambient air
mass concentrations this high are usually.
associated with conditions described as
dust stormsls’lg.

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
Data20

that there were 217 urban and 30 nonurban

poses.

for several years, for 1966 show

stations reporting. The annual arithmetic
average for the urban stations ranged
from 33 (St, Petersburg, Florida) to
254 ug/m®° (Steubenville, Ohio), with a
mean arithmetic average for all 217
stations of 102 ug/rns. For the nonurban
stations, the range was from 9 (White
Pine County, Nevada) to 79 ug/’mB (Curry
County, Oregon), with a mean arithmetic
average for all 30 staticns of 38 ug/’mS.
No data in this report are available for
nonurban locations on small islands simi-
lar to the Enewetak group; perhaps the
closest analog is the urban station at
Honolulu, Hawaii, which had an annual
arithmetic average of 35 /.tg/mg.

More pertinent, but limited, data have
recently been published for the island of

1,22

Hawalii .

- &

or three
locations: Alauna lLoa Cbservatory
located at a height of 3400 m, Cape
Kumukahi, and the city of Hilo., NASN
data for Hilo (for an unspecified period)
are given as 18 ug/ m3, and nephelometer

. . , 3
measurements varied from 18 ug/m

during the day to 26 ug/ m3 at night, At
Capce Kumukahi the nephelometer measure-
ment was 9,2 pg/ms. The greatest amount
of datz is available for Mauna Loa Observa-
tory. Here, the NASN measurement was
3 ug/ms, and the nephelometer measure-
ments varied from 1.7 ug/ m3 at night to
6.5 ;1g/m3 during the day, Additional
measurements made by the USAEC Health
and Safety Laboratory (HASL) were
3 ug/’mB. It is of interest in the present
context that Simpson22 made the following
comment concerning the HASL measure-
ments: ""The HASL filter samples contain
substantial dust (3-3 ug/ m® of air sampled)
because of the fact that the filter was
loczated 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
such remote islands even when consider-
able human activity is occurring nearby,
Cn the basis of the above data, it
would appear reasonable to use a value of
100 ug,/m3 as an average ambient air
mass loading for predictive purposes.'
Indications are that this value should be
quite conservative for the Enewetak
Islands, and therefore allows room for
the uncertainty involved because the people
themselves may generate a significant .
fraction of the total

aerosol. Thercfore,

+ 1

1
Lot i

]

may be exposed to higher particulate
concentraiions than would be measured by
a stationary sampler,

Supporting evidence that 100 pgr’mg is
a reasonable value tc use for prediciive
purposes is provided by the National

Ambicnt Adr Quality Szanuarcsz . Here



1"

ambient air is defined as ", .. that portion
of the atmosphere, external to buildings,
to which the general public has access. "
The primary ambient air standards define
"levels which... are necessary, with an
adequate margin of safety, to protect the
public health." The secondary standards
define 'levels which. .. (are)... necessary
to protect the public welfare from any
known or anticipated adverse effects of a

1"

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 he exceeded more
mean than once a vear

Primary:

75 260
Secondary:

60 150

Table 151. Acceptable soil levels of 239

several years,

Data to support these standards in terms
of health effects, visibil{;ty restrictions,
etc. have been provided™ ",

An arithmetic mean would be more
desirable for predictive purposes. Data
from 196620 for nonurban locations indi-
cate that the annual arithmetic mean is
(on the average} 120% of the annual

geometric mean,

Representative Calculations

Because one of the primary objects is
to derive an acceptable soil level for the
Enewetak Islands, the approaches devel-
oped zbove were used to derive such
levels for both soluble and inscluble
239Pu. The derived values are given in
Table 151,

a factor of two, at least for soil distribu-

The two methods agree within

tions like those found at the Nevada Test

Site. The ambient air mass loading at

Pu for a source which has weathered for
Values are approximate and are subject to uncertainty.

Permissible Concentration in Air for 163-hr occupational exposure

(MPC,4)25.

Acceptable air concentration, uCi/CmS

Resuspension-factor zpproach

' ) . -1
Assumed resuspension factor, m
’ 2

Acceptable soil depositiona, uCi/m

Acceptable soil concentrationb, nCi/g

Assumed mass loading, ug/m3

Acceptable soil concentration, nCi/g

Insoluble Seluble
10712 6 x 10714
1079 1072
3
10 60
20 1
anorocach
2
107 102
10 0.6

230
aEquivalcnt to anproximately 10 ug of insoluble ‘3"Pu/m2.

9
bAssumos same distribution of 23
the Nevada Test Site.

8]
" Pu with depth and soil density as measured at



NTS during the cascade impactor run was air, and do not consider the additicnal

measured to be 70 ug/mB. problems of resuspension of material

Such derived values must, of course, from contaminated clothing or the resus-
be used with a great deal of discretion, pension of material which has been trans-
They are based on simple model systems ferred to?tgomes,
which are believed to be generally con- Healy”" has considered these and
servative, but individual situations can be other problems, and has provided tables
imagined which could exceed the predic- of '"decision levels' for surface contamina-
tions, tion levels and home transfer levels, A

decision level is based upon National

Other Considerations - i : Council on Radiation Protection and
The above calculations relate only to Measurements {NCRP) recommended
the resuspended air activity in ambient dose limitations, Because the derivations
. 26 239 . . . .
Table 152. Decision levels for soluble Pu, and their eguivalent in soil mass

based upon the "acceptable s0il concentration' from Table 151,

Pathway Decision level Mass equivalent

A, Direct personal contamination

Direct inhalation® 2 X 107° nCi/em? 1% 1072 g/em?
Direct ingestionb 0.2 nCi/c:m2 0.2 g/cm2
Skin absorption® ex 107 yci 0.8 g

B. Transfer (to homes) levels

Resuspensiond 0.01 pCi/day 10 g/day
Direct inhalation 0.01 puCi/day 10 g/day
Direct ingestion 100 uCi/day 10° g/day
Skin absorption 0.03 uCi/day 3C g/day

an . . . . < PO . . . .
The contamination level on clothing and skin that could result in inhalation of air
: 2
at the MPC_ for the public."2®
b"The contamination level on skin or clothing that could result in ingestion of a
quantity of radioactive material equivalent to the ingesticn of water at the MPC;V

for an individual in the public.”

"The total quantity of radioactive material maintained on the skin {or 2% h/dav that
could result in absorntion of 2 quantity equal to that whicn would be absoerbed from
the GI tract if water at the MPC__ for "soluble" isotopes for an individual in the

. . . 126
public were ingested. "

d"The amount transferred per day that could result in air concentrations duc to
resuspension in a medium-sized nome avoraging at the MPC_ for an individual in

the public. n26

HI--22



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
239Pu are given in column 1 of Table 132,
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

11--23

greater dose contributions from these in-

frequently considered pathways than from

. the usually considered pathway of resus-

pension as calculated for ambient air,
This conclusion would be the same for

a2
insoluble “39}3

u, Therefore, if dose
calculations based oh 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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- APPEIDIX IV

Annual Bone and Whole-Body Doses

William L. Robizon, William A. Phillizs,

Yock C. Ng, Don E. Jones, and Cra A. Lows



l. Introduction

The purpose of this aprendix is to evaluate the rotential annval
bone doses for adults and children for the six living ratterns considered
in the Enewetzk Radiological Survey Report (IiVO-140). The bone doses
presented in NVO-140 were calculated for xineral bone rcr adults as
integrated doses for 5-, 10-, 3C-, and 70-yr periods. 3cne and whole-
body doses to children were not considered separately tecause in most
cases the doses predicted for adults are usuvally a good estirate of the

dose to children. For exarmple, the external garma contributes similarly

X A - . .1 .
to both acdults and children. 3trontiun-30 znd 3703 contribute over 953
of the food-chain dose and there is evidence to show thzt dosss to
. ~ . . 137 - - a = + <
children from ingesticn of Csar:z usuaily Zess than those (o adults.

Strontiux-GC differs frcom
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doses; howesver, the additicna

1l to 5 yr isnct larze and increases the irntegral 30- and 7C-yr doses Ty

-

only a few rercent. With the uncertaintizs involved in sther varts of
the dose assessment, for exarnrpls the actuzl diet at tize of return, the
differentiaticn betwesn child and adult inte
in the tatles.

Because of the magnitude or some of the 30-yr integrzl bone doses, it
was decided that arnual bone doses should be evaluated to indicate the
living patterns and agricultural situzations which are within FRC guides
for annual bone doses. The more detailgd assessment of bone dcses is

dirscted at estimating the dose to the criti¢al cell rerulation at risk



in bone - the bone marrow - rather than to the entire bone mass, as was
L]

calculated in the original rerort (IVC-140). 1Ia adopting this approach,

we are following the reccrzendaticas of the ICRP (ICRP-11) and the aprr

of Spiers used by UNSCEAR (22),

sach

The following text ccnsiders the inforrmation available for estirating

the doses to the fetus, the newborn, and children relative to adults, and

[ 4

also the dietary changes which ars assumed for children.

2. Dose toc Fetus and llavwborn Re2la<ive to Adults

The Sr/Ca ratio in the fetus and in mothers' milk is determined by

the Sr/,a ratic in the caternal blocd. 3r/Ca discrimination across the

1,2
placental barrisr and across the rarmary gland is ne2arly the same.”’
. . - fzius 2r mothers' milk
In fact, the otserved rztin OR - T =
IatIrna ploca
0 .

(pCl ° Sr/x 0z) milkh or Tehtus o ~ e 1-3
(OR (VC’ JesSr Ta o~ e 13 AR berel Jre’ the

P -,/ (WY (SRS

SRV
Sr/C ratio =f the fetus or newtorn is very simiiar to that of the
mothers' milk.

There is considerabls evidence to show that the OR milk/diet for
human breast =ilk is in the rznze 27 0.1 to 0.16.5’5 The sz=e observed
. . o . o . . . . X 1,2
ratio exists for the fetus and newbcrn rz2lative to the adult diet.
This ratio has teen obtserved dirsctly and can also be calculated from

data which indicate that the average OR body/dfet for adults is 0.25;1

when this is cozbined with a further discrimination of arproxirately a

factor of 2 across the placental or rarwary membrane, the range of values

of 0.1 to 0.16 for milk or fetus is cbtained.



\

|
|

As a result, the Sr/Ca ratio in the fetps and newborn is approximately
1/8 to l/lO that of the adult, and the resulting dose to the fetus is less
than that to adults.

The dose to a young infant being breast fed will of coursze also be less
than that calculated for adults. The OR body/diet for young infants 1is

0,91+

that is, the younz infant nearly equilibrates with his diet.

However, the mothers' milk, as discussed previously, has a Sr/Ca ratio

~ 0.1 that of the adult diet. The OR body/diet then decreases tc 0.5 for

a.l-year-old and by arrroxirmataly 3 or 4 years of age has reached the adult

value of 0.25.2’h’6
Similar data are availablé for Cs. Cesium-137 is metabolized and

turned over more raridly in tregnant womsn than in no;pré:nant wormen.

.As a result,

by

are less than would be expacted from normal retenticn tipes cbserved for
adults. Zxrerimental dzta further indicate that Tcr the fetus and for
breast-fed infants the ccncentraticn of C3z z2nd the resulting dose never
exceeds that of the mother or of other adultis.
. . - <A . 11

in repcrts by Rundo,” Iinumz et al., and Copk and Snyder, the dcse

calculated for an adult for Cs is a conservative estimate for the fetus

and the newborn.

3. Dose to Children Zelative to Adults

137

Cs — A consideratle body of evidence 1is available which indicates

137

Cs in the body is a function of age, with a more

. 11-1L . . .
rapid turnover for younger ages. The biological half-time aprears 4o

that the half-time for



be the order of 10-15 days for 1- to 2-year-2l1d children and increases to

~ 1C0 days by age 20. It then rexains reasonably constant throughcut
adult life. The body mass 1s less for the younger age groups, and these
two factors tend to offset each other in dose calculaticns. Doses to
children ars generally less than for adults as a result of the combtination

of these two offsetiing factors. When the relative diz=tary intake is
' [ 4

included, children receive a lesser dose than acults. Therefcre, dose

~

estirates for acults are usually a conservative estimate for children.

sy — Rerorts by Loutit,l” ZBennett, O and Rivera™! indicate that the

. 90 : . . . .
pCi 9 Sr/g Ca in hurman tone is grezter for ages 1-5 thzn for ages greater
than 6 yr, including-adults. ZHowever, the turnover razte is zuch more

rarid and the retenticn time ruch shoritsr for 3r in azes 1-5. The

coxbination of these two factors detsrmines the bone burden, the annual

dose, and the dcse commitment resultin

90

0
Sr. Icr children, thess two Tactors tend toc offset each othe the
resulting dcse to children, thersfcors, Is not straizhtforward and is

)
derendent upon the relstive interacticon of these two factors. Any

compariscn with adults must therelore take into acccocunt the a

0]
93]

e derendence

of these factors, as well as the difference in dietary intake. The model

1
reported by Eennett” 1z therefore used for estimating the doses to children.

O\

3

(@)
()]
ot

L, Dose Models ané

(4]

bcne dose from

ct
h
1]

0 . . X - . .
2 Sr — Models develcped by ICRP for estimating

. Q0 . . . . 18-2
ingested ” Sr are considered to be age invariant. A recent model from

(@]

’_.l

: 16 . - ; . . .
Bennett does mode re child separateily from the adult, and this model is

applied for estimating the bone doses to children.
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The bone~marrow dose-rates to children are calculated ty gcorbining

. 21
Bennett's model for children with the approach develcorsd by Spiers

22 . .
and used in the UIISCZAR report ~ for estimating bone-rmarrow dose from

the mineral or matrix bone dose. The wvalues used for converting DO
doses, to bone-marrow and endosteal cell dcses, are 0.314 and 0.434
respectively. Bennett's model also extrapolates to the adult cass and

L 4

is combined with the Stiers agproach IJor precdicting the bone-rarrow

i8]

doses to adults.

The tone mass 1s assumed to ccrrelate directly with boly mass, and

. - . N 21

these cdata as a function 0f age are taren rrom Sriers. These body
masses are based upon average data frox the U.S. porulation and a factor
of 0.85 was incorrorated to account for the smaller size of the
Enewetakese. The czlcium concentraticn in bone (gCa/g bone) as a
function of ase is taken frocm Bennett.

In calculating the minerzl tone dose (DO dose) in IVO-14C, the

. q
arrrcach of ICEH was followed, using a Qf = 1 and n = 5. The doses
calculated from this medel ars corpzred to the 3- rv_;vr guide (IC;‘ 9)
for bone for general public. However, in assessing ths annual dose
both children and acdults, the bone marrow is taken as the critical crgan,
. i - 24 :

and the recormendations in ICRP 11 are used.

In this model the quality factor is still one (3F = 1), and the ™n"
factor is no longer applicable. The bone marrow is considered in the
category of sensitive blood-forming organs, and the corresronding dcse

guide for such organs is 0.5 rem/yr rather than the 3 rem/yr for

mineral bone.



13705 — In the dose model for 13705, it is assumed that the loss cof

137Cs frem the body can te described as an exponential loss with a

. . . - 10-1k
turnover tice that varies as a function of age. The annual dose

is calculated, always taking into account thes residual body burden from

. . . . 21
the previous year. Becdy mass as a function of age is taken from Spizrs,
Initial dietary intakes are calculated and dcses are predicted, based
137

upon the initial intake and the exponential loss of Cs in the diet at

37Cs.

a rate equal to the physical half-time of 1
Diet — The diet for adults is that listed in the original report

NVO-lhO._ Fer children from ages 1 through 1C, the intake of coccnut

milk and coconut meat is deubled to 600 and 200 g/cday, respectiveiy.

These two rroducts are the most likely to te consumed in greater quantity

by children than by adults. The rest of the diet for children is assumed

to be one-half of the adult diet.

[eR)
o
0]

*+

At age 10, it is assumed that the child is on the full adult

sy
t

From inf;rmation avallable, this is a conservative assuzxrtion in th
children are not'usuallj considered to reach the average adult intaks
until age 1% or 15. However, because of the diet changes which ccecur

at 10 yr (i.e., randanus, treadfruit, coconut, etc., which become
available) if is convenien£ to use this point for adjusting the child %o
the adult diet, and if anything, this adjustment produces a slightly

9C

conservative dose estimate for the children due to the high Sr content

in the adult diet.
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5. ZResults

The results o7 the cazlculzti-ns tased urzn the models descrited atove

and uron the dists listed in I0-14C and z2ltered for children as rreviously

+]
oy
b
n
ﬂ
o)
o
H
D
el
H
o
n
[{)]
[oV)
[}
n
43
¥
{
3

discussed, are listed in Tables 1-8.

annual bone-rarrow and whole-body doses. The living patterns are listed
J L 5 kb

after Tatlez 1 andi © for ccnvenisrnce of reference; they are the same as

those listed in I7VC-140.

The annuzal doses for extermzl esxrcsure and for food chain exposure

137

) ] P SN ONETe - 1 = .
from Cs ancd Sr are calculsated Izr 70 yr, beginninz at either age
e} = I o -~y v R ~ - ¢ S~
1 or age 20. The thres diffzsrent components contritulting te the dose
3 - PP S - - 3 S oy s 2 . m PRI P -~ al
produce a maxirum Zose at difTferent timss, The externzl ccrponent, Ior

instznce, is

Ay o~
: AP T he s ae s SvaL -
half-1irs of Cs and L3y ths
S T = + < : = o~ Q EREE =5 L ~ LS PR
percentace of each iscvore In the scil, Strontium-90 czliivers its maxirum
- - -~ - = .y - - e - - a -~ - -~ - ian) a
dos= ceveral yezrs after Intaoke of the nuclide begins. The year of

upcn whether cr not a diet changs is irvelved at some zoint in tire. The
127 . . . . .
dosage from Cs Inccrporated In man via Iocd chains tends to peak early

and decreases expcnentlizally therearter. The annual dose is then seslectegd

for the years at which ths sur of thess thres ccmuconsents was paximum.
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are placed uron the diet but
by plowing and gravelirng. Living Pattern
agriculture a

two situztions where the total bons-marra

FRC guide; in this instance, it is less b

f2

most cases several yesars, exces

indiczte

D

The results also

between the prsdicted child znd adu

)
H

i

in part d aZults an

137

tq the assu
and Cs intaxe via the
breadfruit, ccconut
e

children ar

1

until age 10

actior,
2, and 5. When pandanus, breadfruit,
to southern islands, then Living
If the total diet

(Table L4). is

Q

all living patterns are within FFR
living patterns is the result
For al

each of the situations (Tatle 3).

restriction on the

3 1 ~ 3 3 +
agriculturs and diet,

will be plowed and graveled,

IV-9

ge island has bteep mcdified
1, where the horme island and
rattern fcr thsse

w doses do excesd 50% of the

y & factor of 5. All other

1 yr, and in

o
4

l=sast s

4 children

cne-~-halfl

ce

resulit of this

b

ide —

Patterns 1

o

are all con

guide

znd the only variation among

2rence in external exposure ror

~

o “h

1 the cases where there is

it is ascumz3 the



Similar results for whole-body exrosure for the

are

13

¥

agricultural situztic

restrictions on the diet, Living Patterns 1, 2,

guides. Thererfore, the bcocne-rmarrow is the more limitin
the other agriculturel ccnditicns are used, the iiving

fall telow th

4
trf
2y
Q)

IvV--10

patterns which

acze.

Cone-rarrow
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Table 1. Maximum annual bonemarrow dose (r
No restrictions on diet

Village island unmodified for external gamm

em) .

a

Start January 1974 Start January 19834

Living Pattern  Child 2 Adult & Child P Adult

1 0.047 0.045 0.047 . 0.043

2 0.314 0.294 0.282 0.2990

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

1 (A) Enewetak-Parry ALVIN-KEITH

2 (B) Enewetak-Parry KATE-WILMA + LEROY
3 (D) JANET JANET

4 (F) BELLE BELLE

5 (C) JANET KATE-WILMA + LEROY
6 (E)  JANET ALICE- IRENE

2 Diet change at 10 yr., i.e., 1984.

b Diet change at 10 yr., i.e., 1994,
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Northern Is.

Northern Is.

Northern Is.

Northern Is.

Northern Is.



Table 2. Maxinum annual bonemarrow dose (rem).
No -restrictions on diet

Village island graveled and plowed

Start January 1974 Start Jéhuary 1984
Living Pattern  Child 2 Adult 2 Child ° Adult
1 0.047 0.045 0.047 0.043
2 0.314 0.294 . 0.282 0.290
3 0.718 0.677 ©0.680 0.672
4 2.08 1.92 . 1.93 1.90
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).
Pandanne ond breodfruit from coutheorn is51ands
Village island graveled and plowed
Start Januarv 1974 Start January 1684
Living Pattern  Child 2 Adult 2 Child P 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
5 0.151 0.178 0.201 0.148
6 0.428 0.437 0.574 0.419
2 Dpiet 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 scuthern islands

Village island graveled and plowed

Start January 1974 Start Januaryv 1984

Living Pattern  Child 2 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 5. Maximum annual bonemarrow dose (rem).
total diet trom southern 1slands

Village island graveled and plowed

Start January 1971 Start January 1984

Living Pattern  Child 2 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 0.213 0.123 - 0.134

3 Dpiet change at 10 'yr., i.e., 1984.

) _

Diet change at 10 yr., i.e., 1994.
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Table 6. Maximum annual whole-body dose (rem).

No restrictions on diet

Village island unmodified for external gamma

Start January 1974

Start January 1984

b .

Living Pattern Child® Adult® Child Adult

1 0.039 0.039 0.038 0.039

2 0.234 0.236 0.200 0.233

3 0.619 0.630 0.531 0.628

4 1. 81 1. 80 1. 54 1. 79

5 0.285 0.291 0.252 0.291

6 0. 798 0. 812 0. 674 0. 802
Living Pattern Village island Agriculture Visitation

L @)
2 (B)
3 (D)
4 (F)
5 (C)
6 (E)

Enewetak-Parry
Enewetak-Parry
JANET
BELLE

JANET

JANET

"ALVIN-KEITH
KATE-WILLA + LEROY
JANET
BELLE
KATE-WILMA + LEROQY

ALICE-IRENE

Southern Is.

Northern Is.

Northern Is.

Northern Is.

Northern Is.

Northern Is.

®Diet change at 10 yr., i.e., 1984.

Diet change at 10 yr., i.e., 1994.
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Table 7. Maximum annual whole-body dose (rem).

No restrictions on diet \‘

Village island graveled and plowed

Start Jam;arv 1974 ‘ Start January 1984
Living Pattern Child® Adult® Child® Adult
1 0.039 0.039 0.039 0.038
2 0.234 0.236 0.200 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 8. Maximuim annual whole-body dose (rem).

Pandanus and breadfruit from southern islands

Village island gré.veled and plowed

Start Januarv 1974 Start Januarv 1954

Living Pattern .Childa 'Adulta ‘ ; v Childb ‘Adult
1 0. 039 0.039 _ 0.039 G6.038

2 0.125  0.128 0.146 0,127

3 .0. 245 0 252 '0. 304 .O. 249

4 0.662 0.663 _ 0. 846 0. 656

5 : -0.128 - 0.133 . 0.149 0.132

6 : 0.350 0.367 0. 430 0.363

®Diet change at 10 yr., i.e., 1984,

Diet change at 10 vr., i.e.
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Tatle 9. Maximum annual whole-body dose (rem)\.l
Pandanus, breadfruit, coconut, and tacca from southern islands

Village island graveled and plowed

Start January 1974 Start January 1984

Living Pattern  Child> Adult® Child® Adult
1 0. 040 0. 039 0.039 0.039

2 €.091 0.122 0.078 0.093

3 0.146 0.187 . 0.119 0.151

4 0. 357 0.475 0. 280 0. 355

5 0.093 0.127 0.080 0.098

6 0. 246 0. 328 0.1060 0.241

Table 10. Maximum annual whole-body dose {rem).
Total diet from southern islands
Village island grlaveled and plowed
Start January 1974 Start January 19384
b .

Living Pattern  Child" Adult” Child Adult
1 0. 040 0.039 - 0.039 0.039

2 0.090 0.083 : ) 0. 065 0. 066

3 0.087 0. 097 : 0.070 0.076

4 0.192 0.191 0.126 0.126

5 0.089 0.094 0.066 0.071

6 0.182 0.211 : 0.116 0.131

*Diet change at 10 yr., i.e., 1984.

Diet change at 10 yr., i.e., 1994,
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