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CLEAHUP A!;D RE1L'illILITATIOl~ OF E::LlIET~ ATOLL 

INTRODUCTIO:i 

On Septer.i.bcr 7, 1972, the Atonic Energy CoI!lmission (AEC) agreed to 

provide radiological criteria for cleanup and rehabilitation of Encwetak 

Atoll to the Depart~ent of Defense (DOD) and to the DcpaLtment of Interior · 

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

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

radiological environment of Enewetak Atoll to support judgnent as to whether 

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

cribe cleanup actions to be taken and any c·onstraints. 

Radiological survey field operations were conducted between r:d.d-Octcber 

1972 and oid-February 1973. Sa."'.'lples taken in the field have been analy:~cd 

and complete results of the survey have be-:m published r:.s a Nevada Op-::!rations 

Office docur."tent (NV0-140), Enei..'etak Rad:!.clozic.'.l] Survey, Vols. I, II, III. 

An abstract of lW0-140 is presented in Appenc.!ix I of this report, <..ml the 

"SllI:IIllary of findings" chapter is reproduced here fn Appendix II. 

In July 1973, a Task Group was established to review the SurvC;y fir:dinr,s 

and to prepare cleanup a11d rehabili. tation recommendations for consickra:::ion 

by the Cor.u:rl.ssion. Henhers of this Task Croup are: Hr. T. McCrm,• (AEC/OS), 

Dr. W. Nervik (LLL), Dr. D. Wilson (LLL), and Mr. W. Schroebel (/:.EC/D1I:I:.). 

Advisors and consultants to the Task Group have included Dr. I::. Held (A.EC/Rr·:c), 

Dr. R. Conard (Bh'L), Dr. H. Soule (AEC/~n:r), !lr. N. Barr (JILC/DilER) , Dr. R. 

Maxwell (AEC/DllER), l1r. L. J. Deal (AEC/OS), and Hr. R. Ray (AEC/!:VO). Staff 

liaison representatives fror.i DNA, EPA, and DOI participated in Task Group 

meetings. 

The job cf the Task Group is to n!COm..'Dend radiological criteria for 

cleanup and rehabilit~tior. of Ene~etak Atoll and to recon:mend those rc~ctlial 
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oeasures and actions needed to reduce exposures of the Enewetak people to 

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

Lhe Task Group, advisors, and consultants have carefully reviewed the Af.C 

Radiological Sur~ey results; current information on the life style, diet, and 

rehabilitation preferences of the Enewetak people; applicable radiation pro-

tection guidance established by various national and international Radiation 

Standards bodies; and current laws and regulations pertaining to dispcsnl of 

radioactive waste materials. 

The reco1:u:icndations that were developed are those that, in the judr,ment 

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

U.S. Government to take to provide a radiologically acceptable environT'1(.•nt 

for the I.:newetak people considering they will be long-ten• residents on the 

Atoll. 

TASl~ GROUP STATEHENT cm;ct:ruaNG THI: R.ADIOLOGICAL SURVEY RESULTS 

After thorough review of the Radiological SurYcy Report., the Task Grc:ur 

mnl.~cs the following observations: 

• The survey provides an exceptionally complete cata base for 

estir:iating radiation doses. It includes the results of an 

aeriel gara::na radiation survey of land are.a plus radiochct1ical 

data from the analysis of over 4500 samples of air, soil, sedir:.e:~t, 

water, and marine and land aninals. 

C,rxf.,. 
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• The Survey report, plus the Master Plan for RehabiHtation and re-

settlement of Enewctak Atoll*, provide an accurate, comprehensive, 

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

the Enewetak people. 

• ·several ir.iportant components of the Enewetakese diet are either not 

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

small conpared to the needs of the people. Pigs an<l chickens arc not 

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

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

coconut is growing in quantity only on the southern islands. B!"eacl-

fruit, pandanus, tacca, and coconut oust be planted and will her.in 

to produce crops after about eir,ht: years. 

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

correlations with plants and ani:-'.\als :-io•~ pres cnt on the .:itoll and ""· 

inferences drawn from earlier surveys on tikini a.."1d R~mr,elc.p. Tlie::lo 

are many data points, and these correlatim1s provice the best ro-::thod 

currently available for estimating internal exposures. l\evertheless, 

the method is not as reliable as direct ~casurenent of the foods 

produced in the areas of concern. 

• Air sampling at Enewetak, acco~plishcd largely during a thre~ 

week period in Deccr..ber 1972 on unin!1abi tee northern islands, 

showed extremely lm; levels of airborne radioac-=ivity. Con-

*"Enewetak Atoll Master Plan for Island Rehabilitation and Resettlcnent," 

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

(' ~·)!f 
~·/.~' 



prehensive air sanpling during 12 consecutive mor.ths under 

conditions closely approxinating h~an habitetion and soil 

disturbance would provide oore accurate data on which to base 

inhalation exposure estimates. 
0 

• The Enewetak People advise that catchment rainwater is the customary 

principal source of water for human consumption. Except in 

emergencies, water f~om underground lenses is not consur.led. 

Sanples of underground water were not obtained during the survey, 

and radiochemical analytical data on lens water is limited to that 

obtained from a few samples taken on JA.~ET in 1971. A thorough lens 

water sampling, analysis, and assessncnt prograo requires s&~pling 

throu&h a full rain-dry season cycle, 12 consecutive monthn nt 

a uinirnum. Arrangements for snnpling fresh water lenses arc 

being made. 

• It is the opinion of the Task Gr'1up that the results of acid1tional 

air sanpling or lens water sampling probably would not significantlv 

change the dose estinates in NV0-140 nor change the rccoranenda-

tions of this Task Group • 

• RADIATIOl~ CRITERIA RECO:f!U:~iDED BY THE TASK GROUP 

A review of the radiation protection standards an<l guides com;:.i.cered !>·-· 

the Task Group to be applicable to Encwetak is presented in Appendix III. 

This review indicates that the numerical standards and radiation protE:ctio:-. 

philosophy of both national anci intc:rnational standards bodies are sir..ilar:. 

( -.. r' '· 
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Summarizing that appendix. the specific guidance and criteria used by the 

Task Group in its assess~ent of the data and reconrnended for cleanup and 

rehabilitation of the atoll, are as follows: 

~ The population <lose to the Enewetak people should be kept to the 

minimum practicable level. 

• A value of 50 percent of the Federal Radiat!on Council (PRC) 

Radiation Protection Guides (P.PG's) for individuals i5 rcco~ended 

for the criteria to be used in evaluating the various exposure 

reduction options considering that such exposures cannot now be 

precisely determined. 

The following values apply: 

Whole body and bone marrow -

Thyroid -

Bone -

o. 25 Rer:.Jyr 

0.75 P.ern/yr 

0.75 Rem/yr 

o The guide for gonad~l exposure of the populaLion shoulo be -

4 rer.13 in 30 years. 

The .guidance for 239 Pu in soil should be the following:·:: 

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

b. 40 to 400 pCi/gm of soil - cvrrective cction dcterruined on a 

case-by-case basis** considering all r&ciolcgtcal conditio~$. 

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

*Tilesc values are recoTnr.lended for use in cleanup of Enewetak Atoll only. 

**See Appendix III for additional ~~idance. 



ASSI:SSMENT OF DOSES AND THE RESULTS OF ALTERNATIVE CORRECTIVE ACTIONS 

The 'fask. Group appr~ach for developnent of judgments and rzcommendation 

for the radiologica.l cleanup and rehabitation of Enewetak was to consider 

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

the procedure involved four steps: 

n Assessnent of doses for <l populntion lh•ing on the atoli in its 

current radiological condition. 

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

tion of the diet. 

u Assessment of dose reductions that night be expected due to removal 

of cont;:ninatcc soil. 

,.,,, ____ ............ _.., 
\.,.·· ·~., ..... ~ .&.. ....... . 

,.._ .t= ... \..-~- ,1,...,...,.. 
..,. a ..,., ....... _ ··---

,....,...,._._..; "'"t':"C~ t"•i f'--'h ···-------

guidelines used by the Task Group. 

The Ene\1etak Radiological Survey ~cpnrt (:·IVO-lt.O) ccr.tains estir..atc;..; 

populatton doses on the atoll in its current radiolot;ical condition for &l 

living pnttcrns chcsen to be nost reprcsentntivc of the Enewct;1k p1.!ople 's 

desired lif~ style after they return. In addition, dose estir.~tcs are na: 

for each of these living patterns for each of the follo'Wing corrective ac\ 

~ Gravel the '\'illage area and plow the village island. 

o Import pandanus ar.d breadfruit from the southern islands (Al','IJ:-

KEITH) for inhahi tam.s of the northern islands. 

• Import pandanus., breadfruit, coconut and tacca from the southern 

islands. 

o Import pandanus, breadfruit, coconut, tacca, and domestic meat f1 

the southeni. isle.nd~. 



The estimates for 30 year whole body doses in the Survey Report are 

summarized in Table 1, and 30 year bone dose esti~ates are summarized in 

Table 2. Note that the option for "Gravel Village Area - Plow Village 

Island," achives a minimal reduction in radiation exposure of -..hole 

body and bone for all living patterns. and those living on JAHET would 

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

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

include annual dose rates as well as 30 year intergrals for ge~etic 

doses. Tables 3 and 4 show estimates of the maximum annual whole body 

and bone dose.* 

In considering the reduction in exposure that tnay be ac~ievable ~hrou~·:i 

renoval of contat:Unated soil, the Task Group has taken the position that these 

predicted exposures nre approximations only. Th.:: effC!ctivc.nE;s5 of such nctio:is 

to reduce internal exposures must be confiroed through analysis of test 

plantings.** 

In its assessment of dose reductions that might be possible dua to 

removal of contaminated soil, the Task Group posed the follmdnr, qu~stion.$: 

"Given the dose estimates of Tables 1-4, and the de~e reductions that can 

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

be achieved by removal of soil and, if so, what ,·olurn~ of soil wo:ild hav~ ~c 

be removed fro~ contaminated isla~ds 11 ? In order to address this question 

*A detailed description of the calculations leadinh to the estinr~tes in TablP.3 

3 and 4 is given in Appendix IV. 

**The Task Group does not f a·.ror soil removal as a dependable or fe.:isiblc 

exposure reduction action. Ho"Wf'.V~r, such action is revim.-ed in t.he Task Grou·~ 

Report in order to present a co;nplcte picture of the various possibilities 

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

villages, for gr~~ing panda.~us and breadfruit, for growing coconut, and for 

raising domestic animals. 

Figure 1 shows the Enewetak Atoll Lar.d Use Pla.~ as presented in the 

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

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

Amon (SAI.LY), Bijile (TILDA), Lojwa (URSULA), and Alamebel (V.t:RA) are inter.ded 

to be used as agricultural islands, and the remainder (ALICE, BELLE, CLA'.lA, 

DAISY, IRENE, KATE, .LUCY, l·WlY, UANCY, and WIL'1A) as food gathering and picnic 

islands. 

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

? 
14 housing areas (560,000 ft-, assunin0 an average housing are<>. to be 20Q' 

2 
x 200 1 in size), a corn;iunit~· center (200,000 ft ) , subsistence ar,riculturril 

areas (1,100,000 ft
2
), and commercial agricultural areas (7,300,000 ft

2
). 

In order to get an approxination of the amount of soil that would h2ve 

to be rec10ved to bring about a given dose reduction, one needs to dete:-;linc 

the three dinensional distribution of the radioactive cont~~ination. Figure 3 

shows the average 
90

sr activities (pCi/r,rn) in soil samples colJected to a 

depth of 15 cm on J.r\!"iET. Sir.,ilar fir;ures for 
137 

Cs, 
60

co, and 
239

Pu r..;1y Le foun• 

Appendix II of HV0-·140. In addition to the 15 cm deep sanples, radioactivity 

distribution as a function of depth ("profile sanplcs") vas measured in 

fourteen locations on JAl;ET. Data frcn these profiles arc presented in 

Figs. B.8.2.a-n of Appendix II of NV0-140. Inspection of these profiles 

· indicates that, on the aver.:igc, about 40 cm of soil would have to he rcnoved 

to rPch:cc the activity in the top 2 cr:i layer by a factor of 10. In addition, 



as the depth increases the slope of the activity-vs-depth curve tends to 

decrease,i.e., the activity levels do not go to zero, even at depths greater 

than 100 cm. 
. 90 

Table 5 shows pertinent data for Sr. 

In an atter:ipt to quantify this distribution and obtain an ai1proxir:iation of 

90 137 
the "average profile" for calculational purposes, Sr and Cs data fer each oi 

fourteen profile sariples 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 tl 

from the surface to about 30 cm the 
90

sr specific activity is decreasing with 

a "soil half thickness" of 8.4 cr.:i, while in the 30 to 85 cu depth range the 

half thickness incre:ases to 22 en. The levels to not r,et <!S lo\..· as those found 

on the southern islands ("-0 .5 pCi/go) at any depth down to 180 cm. Those 

profile sa.'ilples uhich lie in or clcsest tc the subsistence agriculture an::.:Js 

of Figure ') have ·beet' ave razed and plot tee in Fig. 5. In this set, the h.:,E ... 

thickness is only 4 cm fror:i the surface to 10 cm, hut increases to 25.5 c;; 

in the 10 to 85 CfJ depth range. Sinilar treat~ent of the 137Cs cat:-. is 

plotted in Figs. 6 and 7. In Fig. 6, 't1here all sanrles are ave: raged, the 

-half thickness is 4.5 cc <lown to about 10 era, and 12 en from 10 to 85 en. 

Levels· equal to those found on the southern islands (" ... 0.2 pCi/gr.i) arc found 

at depths below about 100 cxa. In Fig. 7, the ~uhsistence agriculture case 

gives a half thickness of 2.7 cm down to 10 c1:i, and 17.8 era frcr:t lv to 85 c.::l. 

For both 
90

sr and 
137 

Cs it is apparent that the profile averagec over all 

samples is taore conservative than is the profile for subsistence af,ricultural 

areas for estimating the affects of soil rcr.oval: therefore the Task Grou? 

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

to removal of soil. 

( .. ·'• ,•-
~; ... --
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In taaking these dose reduction approximations, one must keep two things 

in mind; first, that the NV0-140 does estimates for terrestrial foods gro\.111 · 

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

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

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

that these concentrations are averaged over the 0-l:S cm depth of Figs. 4 anc 

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

depth, th(!refore, require an estioate of the ratio of the average concentrc'.lt 

of the nuclides of concern in the 0-15 cm d~pth of the newly exposed surf ac• 

to that for the surf ace which is present now. This approach does not cons)· 

the radioactivity in the soils deeper than 15 Cl"1 \·7hich tiay be i;::iportant, 

particularly· for plants "With roots that penetrate deeply into the soil. Ta 

90 137 presents these average concentrations at1C ·ratios for Sr and Cs for enc 

incrcnent fror.: the present surface doim to 105 cm as derived fron Fi~!:. 4 ;. 

These es tit:? ates indicate, for exanplc, that removal of 15 cm of soil m,,y re 

the terrestrial food dose due to 
90

sr by a factor of 3.3 and that due to 

137
cs by 3.2. However, such reduction r..ay or t:l.'.lY not be actually achieved 

There is no experience to support these reduction levels. 

Using the data of Table 8, one ~ay assess the dose reductions that r:rl 

occur due to specific cleanup actions on JANJ:T. Table 9 shows the doses 

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

90 
the contributors to the 80 Rem bone dose of Table 2 using values for s~ 

137 
Cs averaged over all of JAHET. Case Dl indicates that if subsistence 

agriculture is limited to the area shown in Fig. 2 (i.e., along the lagoo1 

90 137 
shore) the Sr and Cs levels may he reduced to such a.'l e:>~ter.t that th( 

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

,,. ·. 
r 
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137
cs (4.5 cm) in the residential areas has little effect since that action 

influences only the external gamma dose. Removal of successive 15 cm l~yers 

of soil in the subsistence aE;ricultural areas, hm·7evcr, may reduce the bone 

dose by significant atiounts. Reooval of the top 15 cm layer, for example, 

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

additional 15 cm may bring the dose down to 10. 7 Rer:1. 

Since soil removal-vs-bone dose re<luction would possibly be most effective 

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

obtained by preferentially stripping soil in areas where these trees are 

to be grown. For case D-1, for cxru:i.ple, if pandanus and breadfruit are 

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

of soil have been renoved, the resulting bone dose may drop fron 57 Ren to 

I ~ - t:: -, "') f\ , -' 
\•e-;...c,. JI ...I-'•• I 

, , Cl'\ 
~ ..... '-'.I. 

1 IC;. ,........,, , .., .. ,.,...,... ~ ~ 

~- - --.;-- -- ~r-T'""V'\.._,,... ~ ----·--· 

the dose may drop to 23.7 Ren. 

The oaxinu.'-:1 dose reduction that can be 

achieved is through i~portation of clean soil fron the southern islancis or fro;;1 

outside the atoll. 90 
Sr concentrations in the average profil1~ (Table 6) 

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

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

to be ir.:iported to _encompass the entire root syster.1 of the r.iature trees and 

th t 1 f 1 h 
90s 1 1 · · · h · e wa er supp y or t lene crops must not ave r eve s nigner t .an tnose 

foWld in the southern islnnds. Any replacenent soil should be coarse and 

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

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

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

of NV0-140). 
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As to the question of whether equivalent dose reductions (equivalent to 

reductions obtained through modification of the diet) could be obtained 

through renoval of contaminated soil, the Task Group holds the opinion that 

some reduction is possible. However, the magnitude of thi.s reduction is 

uncertain and can only be determined reliably through measurement of the 

radionuclide content of the important food itens such as pai.,danus and bread-

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

to grow tes~ plantings of the various food crops in the soil rcnoval and 

replacement areas using various fertilizers and trace r.rl.ne:::-als, and ana1ysi~ 

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

radioactivity in the fruit could be rel:iebly predicted from ar.alvsis of 

stems and leaves of young and as yet unproducti vc plants. This would rcq ui 

additional study. Considering the ti•1c required for such studier: and 

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

decay and weathering, it oay take about as long to return people to J.t\J:i~T 

using soil renoval and confirnatory studies cs would be needed \dthout suci. 

actions. 

In the commercial agriculture areas of JAm:.T and the other northern 

islands the iter.i of concern ;_s the radioactivity level of coconuts (i.e., 

11 Can the Enewetakese sell their copra?"). Data in NV0-140 (pz 560-56:.?) 

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

137 137 137 meat, with the relationship Cs (ccpr~) = 1. 3 Cs (soil) at Cs soil 

concentrations greater than 4.7 pCi/g~. NV0-140 also indicates that 
4

°K i 

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

°K is G 

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

able to judge the markctabj.lity of copra &rown in Eneweta1~ Islands on tlw 

( 

' 



of its 137cs content relative to the naturally occurring 
4°K. If the 

137
cs 

137 
in soil is less than 5.2 pCi/go, for exar.iple, the Cs content of the copr< 

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

ability should be unaffected. 
137 

Tab le 10 shm:s the mean Cs soil concer.tr.'.'! · 

and soil removal actions that may reduce the 
137 

Cs ccncentration in copra t> 

40 
Yalues equal to and twice that of the natural K for all northern islands 

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

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

islands). 

On JANET, for exanple, the cor.Jnercial agriculture area in its curren!: 

di i 1 ld i ld . 1 137c 14o1. ~ i con ton s1ou y c copra wit1 an avcra3e s ~ concentrat~on rat o 

nbout three. Tiemoval of a 6 co thick l~yer of soil nay reduce this value 

to two, and rcr:ioval of 14 cm r.:ay rcst\lt tn copra vith equal concentr;itio-:;f' 

Of 
137cs and 4 o,~. N h f i , :1 1 d b d f · , r. 'ote t at or s .... an· s yi r~nn2 to e t>Se or cor:u::icrc:..a~. 

agriculture, it is possible that only J,\:ff.T and PI:ARL h.ive: 
137 

Cs so!.l v.:i.lu 

. 137 40. 
hiGh enough to yield copra Wl.th n Cs/ l-. ratio p.rcnter th:m 2. Te.st 

plantings of coconut would bu needed in areas where rcr:1oval of soil ha.s 

been conducted and the leveJ. of 
137 

Cs in coconut neat a:ialyzed before any 

co8Tllittment is raade for planting o: coconut trees in con.rycrcial quantiti~~ 

With additior.al study it oay be possible to predict with cor.fidcncc the 

137 
level of Cs in coconut neat through analysis of stc~s nnd leaves of 

ir.ll'!lature trEes. This would save tine. 



DISPOSAL OF CO~ITA.'U~YATED HATI:~ll/l.l.. 

For disposal of contaminated material, there appeara to be several 

categories, each requiring separate consideration: 

1. Contaminated scrap, non-plutoni\!Ill. 

2. Contaminated soil, non-plutonium. 

3. Contaminated scra?, plutonium • 
. . : 

4. Contaminated soil, plutonium. 

5. Pieces of plutonium·metel. 

Some of the above are bel<Y ... • the ground ·surface such as in bHrial sites. 

Some is near the surface such as the pieces of plutoniu?t metal on \'VO:nm. 

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

the objectives for disposal, to list pn~ni.hle approaches for dic:posal, and 

to suggest pc!'lsiblc int<=. rim r:if:nsures where· e;_'.lpropriate. 

Table 12 and the discussion in UV-140, Vol. I, conta:!.ns ir.forn'..ation or: 

known or suspected burial sites for radioactive debris~ The Holmes ar.d 

Narver "Engir.eerin~ Study For A Cleanup Plan, Enewetak Atoll-:'13.rshall 

Islands," Hn.-1348.1, contains infornation on the location and quantity of 

· ... - other above ground contaminated scrap. 

Considering the relative short radiolo~ical half times for the fission 

products and induced radios.ctivity found on such scrap and debris, the 'fas~ 

G4oup suggests that the objective for dispc~al is to make this debris, 

particularly scrap metal, unavailable to t~e people when they returr •• 

Pos!.ible approaches for disposal are: 

1. Dis~osal in water filled and unden.;ater craters. 

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

is not significt1ntly gr.-:ater tha.n :ha radiation lP.vel on land. 

( . ; .' .. ~ 



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

this would be a modest addition to similar material already there 

from past test operations. 

For contaminated soil, other than plutonium, the Task Group has not 

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

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

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

Enewetak people to this radioactivity and a mininal followup requirement to 

insure that this situation continues after disposal. 

The Task Group yiew is that because of its cxtrcml long half life, disr,osal 

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

magnitude than for fission products and induced activit / • In its delib:::rl:.tio:-,s, 

the Task Group has aosumed thnt the dispositio~ of such ~terial "Will be such 

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

cleanup has been conpleted. This is then the objective for cleanup. 

Recomm:rnendations which follm-1 will tr.eat the questions of how to approac11 

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

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

decisions to be made on whether removal of plutoniun contar.rlnated soil is 

justified on various islands. It is the view of the Task Group that as <'.l 

mininuo, cleanup must acco~plish the recovery of the plutonium cont~minated 

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

with placement in stockpiles as few in nuL1ber as possible. The object is to 

get better control of the caterial9 and to minimize spread of contamination, 

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

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

Task Group that deliberation and decisions on disposal of plutonium contaminatec 

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

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

1. Disposal wherein there is an irrevocable co:Jillittment of the -

contaiminant to the environment. 

2. Disposal wherein, with some difficulty, a later decis:ton could 

change the method of disposal. 

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

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

The folloving ideas have been put forth for disposal of pl"Jtonium c.ontam::'. 

soil and scrap: 

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

deep ocean. 

2. Make the contam:lnated soi.l into concrete blocks with disposal in 

deep ocean or through burial on land. 

3. Disposal of contaminated soil in the form of cement poureJ into 

deep drill holes on land with the scrap added. 

4. Disposal of soil and scrap in the water filled craters on YVO:rm "75.t 

a thick concrete cove::-. 

5. Return of these materials for burial in the U.S. in pac;..aged form or 

as concrete blocks. 

Any ocean disposal plans must be coordinated with the Environmental 

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

'"' 



for land burial within the atoll. 

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

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

Task Group does not have adequate information to determine whether thi~ may 

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

conducted with YVO:r.m used as the study site. 

TASK ~OUP O~SERVATI0:1S A."ID co::cLUSIO~~s 

I~ the radiologically complex Enm1etak Atoll environment th~re are a 

large nu~bcr of options that may be considered for cleanup and rehabilitation 

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

possible in the time available. To the extent possible the Task Group ha& 

attempted to arrive at a conscr~sus of opinion among the dra.fting !;roup and 

its technical advisors. C0t:ments on draft mate.rial. h;we been r.CJlicited 

fror.i staff of several Federal agencies. Their sugr;cst:lon~: have influenced 

the approach to development of reco'!'X:lendations and have led to n~~erou~ 

changes of a technical nature. Regarding each option, the follo...:ing ha'.·e 

been considered. 

1. Determination of the radiological exposure to be eA!'ected and 

comparison of predicted exposures with accepted radiation exposu:-e 

criteria. 

2. The feasibility of actions or restrictions inherent in the O!"tion. 

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

criteria and any uncertainties regarding the effectiveness. 
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4. The possible inpact on the Enewetak people and on the environocnt. 

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

lowest practicable level is a natter of judgnent and opinion. The Task Group 

has deliberated whether actions of an enr,ineering nature such as soil rc::noYal 

are preferable to actions that would restrict use of certain islands fo·L' 

permanent habitation and food production. The adverse ir.ipact of engineering 

actions on the atoll envirom;ient and the uncertainties regarding effecti vencs::; 

l~ave been vi.?wed on the one hand, and the question of the extent to which the 

Enewetak people would co::iply with restrictions on the other. 

NV0-140 and this Task Croup report present the radiation doses that nay 

be associated with a broad range of option::; and provide data for calculatinr, 

dosen for other options for anyci.e who wishes to do ::;o. The d~sc reduction 

. .. .. . -
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cleanur nct1ons are being prepared by i;;:/•.; an:l the ir.pnct and acceptability 

of restrictions can be evaluated throug:1 J:iscussions \:ith the L!lCWctal~ Cour..ciJ.. 

In NVo-11~0, and in the previous section cf this report, dose esti:-:intcs -

and therefor.:? options - vere considered in natrix fern (e.g. , li vin~ patter:1 

vs. diet, er diet source vs. ar:iount of soil renoved). \.r'hilc these natriccs 

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

the TDsk Group feels that l.ts' rec0nnendc1tions are presented nore effc.-:tiYc:.: 

narrative form. 

There are three basic qucs tions to b~ addressed: e.g., "Is the r<ldiat::_n:; 

environoent acceptable or can it be I:l.'.lcle acceptable for the Enewetak people. to 

return to their atoll," "Is the rac!iation environment on Enjcbi acceptable 

or can ft be made acccptab le for the peep le to re turn," and "Are the re islands 

which are not eccertable for pt!Ople to conduct thci r nornal agricul ::ural 2r:.-:_1 



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

restrictions imposed that would l:eep exposures within acceptable criteria?" 

Within this franeuork of data and basic questions, the TasK Group has 

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

Option I 

a. No return of the Enewetal~ people. 

b. lfo 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 peoph~. In 

addition, choice of this option cannot be defended using current rad:i.ati.on prr•-

tcction philosophy and standards since the predicted exposures fer persons li"--:ill'. 

on the southern isla~ds are well within accc?tahle standards. 

GpLi011 II 

a. Return to the southern islands (1'.l.Vr:;-1~ITH). 

b. Agriculture linitcd to the southen1 i!::hmds. 

c. Travel restricted to the southern islands. 

d. ?:o restrictions on fishir.g. 

e. No radiological cleanup. 

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

in population doses well below the guides (rtciw A of Tahlc:s 1-4). It di ::frrs 

from later options in that it leaves the prob lens of conta.'":1.inated scrap in 

many areas of the atoll, a:id th~ Pu in soil on YVO:~~iE, IrJ::::E, and in th\.! buriol 

sites on SALLY, plus genen;.lly contru:iinated areas on ALICE, BELLE, CL:J',..:., 

and PEARL, unresolved. Such a choice would establish the need for off-li~its 

areas in perpetuity, at least for Y\'O!n:E, since the metallic Pu is e>:pected 

tc be present on the surfac.e of the i~la.~d indefinitely unless cleanup 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 is land is not controlled. This accounts for 

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

islands is difficult to justify because some of the northern islands arc lightly 

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

the growth of pandanus and breadfruit to the southern islnn<ls would pernit all 

other substance agricultural practices on JAHET-Wl~·1A without the radiation 

exposure crHeria being exceeded. Sinilarly, it is difficult to justify linitin~: 

travel to the southern islands since the ambient I;atm:ia levels on the northerr; 

islands do not represent a significant external exposure potential for 

occasional visitntion. 

a. Return to the southern islands (AI..vn;-1~r:ITII). 

b. Substance Af;riculture linited to the southern islL!nds plus J;-::i~T--Ull~::, 

except that pand.:mus and breadfruit arc lir.rltecl to the southcr~i isla:id.s 

c. ~jo restrictions on travel. 

d. Co restrictions on fishing. 

e. ncmove Pu contar:i.ination on YVO~mE,. IRENE and the SALLY burial sites. 

f. Remove radioactive scrap. 

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

of only the most seriously contar.iinatcd riaterials. In practical tenas. it 

maxinizcs unrestricted use of areas of the atoll havinr, low radioactivity 

levels, le3ves no hazardous legacies for the indefinite future, and permits 

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

doses well below the recoruncnded radiation criteria. 

v\/ 



This option does not specify action against radioactivity in soil of the 

islands such as ALICE, BELLE, and CLARA, nor does it recot:II!lend that residences 

be built on JANI:T. By implication, therefore, resettlement of JAl'iET would have 

to wait for radioactive decay and weathering processes to reduce contaninatio~ 

levels to acceptable values on these isl.'.1."1ds. Since the predo-;;iinant isotopes, 

137c a 90s , h 1 lf li f h · t th iti i <l ld s an r, eac.1 ave rn -- ves o · t l. r y years, - e \..'a np, per o cou 

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

On the other hand the reduction could proceed at a soraewhat faster rate. o~ 

marrow 
JMmT, reducing the.maxir.iun annual child's bone/dose fron 0.72 reu/yr (Table 

4, Case D-I) to the guide level of 0.25 

90 
Sr would theoretically require a wait 

rem/yr through natural decay 
about 
of/50 years considering only 

of the 

rndiolo;;ic~ 

decay. It is not expected that such n reduction will actually t:ai~c th~!L lons. 

Option IV 

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

b. Return to J/>J;ET and build residc~ces and cor::::mnity center in loc;iti0:cs 

shown on the Haster Plan. 

c. Remove a oinir.iun of 30 era of soil in all areas where panrianus nnd 

breadfruit are to be grown on J~mT; inport clean soil in l:hich to 

establish these plants; or inport pandanus and breadfruit fro~ the 

southen1 islands. 

If these actions proved to be as effective as the. theoretical predictions: 

this would petTiit return of the Enjebi pecple to their island. It should be 

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

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

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

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

theoretically be achieved. Importation of food is the r.:ost dependable action 

but this inposes a long-tern burden on the Enjebi people uhich they nay find 

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

effectiveness of the action is uncertain for reducing population dose since 

90
sr and 

137
cs are found so far below the surface on J/JiET. Importing soil for 

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

dose from these foods to levels co::1parable to those found on the southern islc:.nd: 

provided that sufficient soil is inported to enconpass the entire root systen 

of the nature trees. 111e water supply for these crops. r.mst not have radio-· 

activity levels higher than those in the southern islands. llrn1 this can be in:~1·· 

is not obvious at this tifilc. 

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

would b2 too high to provide an acceptahle mnrr,in within the criteri.::;. 'P.1is 

is especially true for children born at about the tir:ie of rehabitation. 

Importation of food froTI the southern part of the <:>.toll or other sources is 

believed to represent an inpractical solution to the problem of e:-:ccss:i ve 

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

is not knmm to be effective, wonld be hard to regul~te, rmd would cor-.s ti tut<: 

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

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

domestic aninals and coconut crabs, ':hi ch range over the entire island. 

Since Option IV a-c is expected to result in population <l0ses near or 

slightly above the radiation criteria, further dose reduction ma.y possibly 

be achieved by: 



d. Removal of 15 cm of soil in the subsistence agricultural area of JA:~T. 

c. Renoval of 15 cm of soil in the cor:ir.:ercial agricultural area of JAHtT. 

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

Cs 

nn<l 9°sr 1·n tl · · t 1 f ·1 h ~ ·r1 the " .1c re:na1n1n;; op en nyer o so~ - or ave _oug i y sarL 

c 

theoretical effect as waiting sixty years for radioacti·.re dcc::i.y to take pJ Gee. 

Whether food crops would shCY.; a sinilar reduction is uncertain. This nc!:ion 

would possibly r.esult in an ultinate finding that doses would he below the 

criteria but above that expected for people living on the southern isl<:1nds. 

Host significantly, however, implencntation of Option IV n-e would remove 

a mininum of 15 cm of soil from essentially the entire island cf JA!~ET. Since 

the top soil on t:Oat island is charitably dcscrii>ed as neap.er, such acticr. 

would leave JAJ::r:T a sand island. Heroic actions would be rc:;.uired to c5.t:hcr 

reconstitute the remaining soil throu3h use of fcrtilizcrR 2nd other 

additives, or inport top soil sufficient .to SUjlport subsistence nnd co:~.r;c.r.ci~~ 

agriculture. With any of these actions a period of tine woul<l b12 rcquir(:L,. 

possibly as long as 8-10 years, or until test plantings of coco:1ut, p.:ind;;.:-ius, 

and breadfruit are grown and analyzed for their radioactivity cont:cnt, be:c1re 

a decision could be made to settle people on J,~{ET. An additional period of 

8-10 ye.ars would be required after a decision to plant subsistence and 

com:iercial crops in quantity before the island could support its inhabi ta,, L.:£,. 

0-otion V 

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

b. Removal of a minimura of 10 cm of soil froIJ PJ:ARL. 

c. Removal of a minit1um of 47 en of soil fron ALIC'i:, 14 en froi;: BELLE, 

and lO en from CLARA. 

,) , 
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d. If pandarius and breadfruit are to be grown on northern islands other 

than JA:~ET, the criteria of Option IV c should apply, i.e., plcnt !n 

soil having a 
90

sr content of 4.6 pCi/grr. 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 accordin3 to 

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

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

sti tution of soil in the cleared areas. Consideration of these actions as 

a viable option is clouded by uncertainties regarding the exposure rc:duc!':ion 

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

replacement. 

()T"\ ... ~ "'"' C! T-~T 
. L -- -•--

presented in Table 11. 

----------
After careful review of all availa~le radiolo~ical data the Task Grouji 

mer.1bers' specific reconnendations are as follQ\.ls: 

1. The people of Enewetak Atoll nay be safety returned to their ho:x-

land provided certain actions arc taken and precautions o!:iservcd. 

2. In the interest of achieving a T"'..ininum practicable <lose for the 

Enewetak people the Task Group rccOt:lI'.lencls that: 

a. The first villages and resi<le:nccs be constructed on I:~!ER, FRED, 

DAVID~ or on any of the southern islands (ALVI::-l:J:ITII) 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 linited to islands ALVI:~-l~ITH. 

c. Subsistence and conncrcial coconut may be grown on any island i:1 

in the atoll with out any remedial measures e>:cept ALICE, BELLE, 

CLARA, DAISY, IP.El\E, J/J~ET, and YVO:nm. 

d. Fishing be peruitted anywhere. 

e. Travel be unrestricted to all islands except YVO:\I;r:. \:hen the Pu 

contaoination on YVO:n:E is renovcd, the restriction of travel to 

that island can.be lifted. 

f. Hild bir".ls and bird's ci:gs be collected anywhere. 

g. Coconut crabs be collected only on the southern islands. 

h. Wells which arc intcnde,1 to ?roviclr! lens water for !nnar. constrt?t·i ~--

or for agricultural use be drilled only on the southern is lands. 

When drilled, water fro:-;i each \..'c:ll should b~ checked for bDctcri2, 

salinity, and radioactivity content before the well is approved 

for use. 

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 \li thin about three niles of tiic: 

Mike event that had a total yield of about 10 l·~egatons. r.njcbi 

was the taost heavily contar.iinated of the larger islands in the atoll. 

The Task Group has been W1able to dctemine any way in which radiatic-~-

exposures can be brought ,,•ithin the acceptable criterin, that is both 

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

islands in the south of tl1e atoll. It is reasonable to e:~pect th<::.t 

·, 



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

possible approaches: 

a. Soil rer.ioval followed by studies with test plantings to deteroir.e 

whether exposure for Enj ebi 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 rer.1ovcd. 

In either case, housing construction and plantinG of subsistence and 

commercial.crops would be deferred until research with test plantings 

showed acceptably low levels of radioactivity. The Task Group 

reconmcnds the second approach as one havinf; rnininal adverse ir.pact 

on the island environment. 

4. Ti1c rcsear;:it progra-:i in 3 ubo·.-;: . ' ' 
i:~~:;._-;.;~~ -

detennination of radioactivity levels in ccpra :mcl other food crops 

produced on PEARL, CLAT'..A, ALI CE. and BELLE. YVO::r;i: should also 

be incladed after rer.1oval of plutoniun contaninated soil. 

5. All radioactive scrap netal and conta~inatcd debris idcutified durin~ 

the Holmes and Harver I:ngineering Survey should be removed. If 

additional contaninated debris is discovered in the course of cleanup 

and rehabilitation operations, it too should he removed. Specific~lly 

included in this recornnendation are the three locations on S,'J..,LY ;:mu 

one on EU1ER where contru:'.inatcd debris is knO"m to be buried. This 

debris should be exhuraed and removed. 

6. The quarantine of Yvo;rnE should be continucC: in effect until the 

plutonitnn contamination on that island is reduced to acceptable levels 

Should any Ene\letak people return to th!! atoll before cleanup is 

026 



begun or before completion, an authority respor.sible for enforcer.en~ 

of the quarantine 8hould be identified nnd should be in residence 

in the atoll when people return. 

7. The distribution of plutoniun cont.'.l!llination on YVo:;:a: is sufficiently 

comple~ that specific recoor.iendntions for cleanup cannot be prcsentc.J. 

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

as the decontnmir.ation effort proceeds. }>resented are sone of the 

requircnents ancl objectives that uill establish a bacl~r,round fron ,,Thich 

plans can be nade for recovery of plutoniun on YVO:i::E. 

a. Decontanination of YVQ~;m:: is seen as an iterative prc.cesE, na.".lcly, 

removal of soil, ri.ernitorin3 of radioticti .. 1ity levels, and rc:~0\~n1 

lev•..:.is and reduction of Uwse to the loi:~:;t praclJ.L.;,'.;.i.1.:: v;i_;_u,~. 

b. A te<r.i of ei:pcrts should he asscnblcd who can na!~e and inte:tTr<:>t 

field radiatio:l and ra<lio.ictivity ncasurencnts, ad·.'is<:; o:i cle<C:l'.'i) 

actions, nnd provide neccss~ry health physics support includinr 

protection of workers, dccontcdnination of 'rnrLers an,l e~uip:,i::r.t, 

and packar,ing a.nd handlinr, of collected plutoni un. 

c. The objectives of the cleanup are two: 

(1) Recovery of the piec:.cs of plutonitn t:hat have been o'c1scrvcc. 

I 
on or nc~r the island surface. So1.1c contain !:'illizr::.'"1 

·. \. 
quantities of pluton:i.un netal and arc easily detected wi:~1 

!,.: 
\~ '-\ field survey instrunents such as the FIDLI~~. 

(2) Recovery of plutoniur.; contaminated soil. To a first 

approxinntion, the location of the zones of h~ zhcr Pu c .. ;~-

centrations are shewn in the survey p'i."ofiF:.samples. 

. .- ........ -. 
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TJl.BLE 1. 30 Year Integre.l \-;nole 'Body Dcse (Rem) 

I II III IV v 
Import"Pandanus, IrnpcrtPandenu~ 

Current Condition Gravel Village Import Breadfruit, Breadfruit, 
Living (no corrective Area - Flow Pandenus and Coconut, and Coconut, Tacca,. 
Pattern* ectio!1) Villege Is lend Breadfruit Tacce and Meat 

A 1.0 1.0 1.0 1.0 1.0 

B 4.4 4.4 2.2 1.9 1.3 

c 5.7 4.4 2.7 2.4 1.8 

D 11 8.9 4.4 3.7 l.9 

E 14 13 6.6 5.7 3.3 

F 31 .. 24 11.3 9.1 3.5 

* Living Pattern Village Is1.a;.d Agr:!culture Visitation 

. -::-r~- '~-. - ,_ ·--- . . . 
I~i.c.I:~.s • ... ~:,,,_,i .::...J...::.'"~1../ .Liii'; .LLi ;.u_, v .Li"i '-':J.:;:" Vl;.t;:: r~..;,...~:~~ 

:--.-··-- _.,. __ 
tr...:V1..o1.v.J.CJ.. .&.• 

B FRED/ELMEP./DAVID KATE throt:gh \\TJ:Ll.1/. .. Northern Islor;d:: 

c JANET KATE through WIIMA Northern Islar.as 

D JA.~ET JANET Northern Islan(i s 

E JANET ALICE through IRENE Northern Islar.as 

F BELLE BELLE Northern Isla r:d s 

() '"';/; .. .. .... 
. c ....... -·. 
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TABLE 2. 30 Year Integral 'Bone Dose (Rem) 

I II III IV v 
Import Pandanus, Import Pandanus: 

Current Condition Grs.vel Village Import Breadfruit, J3readfrui t, 
Living (no corrective Area - Plow Pandanus and Coconut and Coconut, 'J'scca 
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 37 35 12 9.6 4.6 

D Bo 78 23 18 4.7 

E 135 134 38 27 6.1 

F 220 ' 213 61 43 6.3 



TABLE 3. Maximum Annual 1-2'.ole Boay rose (Rem) 

I II III rv v 
Import Import Import Par.a anus, 

Current Conaition Gravel Village Panaa:ms Pandanus, Breadfruit, 
~iving (no corrective .Area - Plow and Breadfruit, Coconut, Tacca, 
Pattern action) Village Island Breadfruit Coconut.Tacca and Meat 

0.039/0.039 * 0.039/0.039 0.039/0.039 0.039/0.039 A 

B 0.234/0.236 0.125/0.128 0.091/0.122 0.090/0.083 

c 0.237/0.241 0.128/0.133 0.093/0.127 0.089/0.094 

D 0.540/0.542 0.245/0.252 0.146/0.187 0.087/0.097 

E o. 749/0. 761 0.350/0.367 0.246/0.328 0.182/0.211 

F 1.56/1. 55 -, o. 662/0. 663 0.357/0.475 0.192/ 0.191 

* Child/Adult - both starting Jan. 1974. 



TABLE 4. Maximum Annual Bone Marrow Dose (Rem) 

I II III TV v 
Import Import Import Par.denuE 

Current Co~dition Gravel Village Panda nus Pana a ::ms, Breadfruit, 
Living (no corrective Area - Plovi and 'Breadfruit, Coconut, T~cca,. 

Pattern ·action) Village Island Breadfruit CoconutlTacca and Meat 

0.047/0.045 * 0.047/0 .045 0.047/0.045 0.047/0.045 A 

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

c 0.317/0.300 0.151/0.178 0.121/0.135 0.096/0.096 

D o. 718/0. 677 0.293/0. 2_94 0.168/0. 204 0.094/0.091.r 

E 1.06/0.989 0.428/0.437 0.253/0.354 0.184/0.213 

F 2.08/1. 92 0.786/0. 774 0.415/0.516 0.199/0.193 

* Child/Adult - both starting Jan. 1974. 



TABLE 5. 90sr Profile Sample Data on JANEr 

Depth to Reduce 
90sr Act. 90sr Act. Profile Sample Act. by Factor in 

Number of 10 Top 2 cm Top 15 cm Below 100 cm 

(cm) (pCi/ gm) Max. (pCi/ gm) n Av." 

100 7 3Eio 150 11 (50 cm) 

135 56 18 10 1.3 (100 cm) 1 

136 > 100 14 17 3.6 (100 cm) 3.6 

137 15 34 16 2.1 (130 cm) 0.4 

138 9 100 28 1.3 (150 cm) o.~ 

139 12' 410 220 5.4 (150 cm) 0.9 

140 66 54 95 4.8 (115 cm) 2. 

141 12 100 39 4.8 (135 cm) 2.5 

142 6o 90 95 46 (120 cm) 10.5 

143 > 100 21 31 13 (100 cm) 13 

144 76 50 46 2.4 (100 cm) l 

145 18 27 26 0.7 (100 cm) 0.3 

147 25 87 200 o.6 (16o cm) 0.3 

901 25 110 185 8.5 (40 cm) 

Av. 42 cm 105.4 82.7 7.l* 3.0 

* (No. 100 and No. ?01 
excluded) 

Mean 90sr concentration in top 15 c:n so.a:iple s: 

JANET: 44 pCi/ gm 

Southern islands: 

DAVID, EL..tIBR, FRED: O. 41 pCi/ gm 

All ethers except 

LEROY: 0. 52 p~i/ gm 

c ., ,...._ 
; .. 1 ;.)-



Profile No, 

100 * 

135 * 

136 * 
1n 
138 

139 

Hi)* 

141 * 
142 

143 * 
144 

145 

147 

~·1 

Q:R 

36o 

18 

17 

34 

100 

410 

54 

100 

90 

21 

27 

27 

87 

110 

2-5 

220 

16 

10 

17 

26 

46o 

6 

78 

95 

26 

43 

:?2 

35 

200 

.'o.·1,Cor;,o~lte l<\~.9 90 

'··1/':0ul·s I stenc .. 
/'r;14 1Cl1} ~.·1rf.• .f',y ~'i 

Tabl~ 6. 90sr Concentrations (pCl/p,~) in Profile Snmples Taken on JANET 

:".nmple De__r~ ( t"m) 

15-
2..:.!Q 10-15 &. 

75 

7 

21 

8 

m 

12 

5.5 

50 

25-
)..2.... 

12 

5 

35-
45 

11 

5.2 

45-
12... 

11 

3 

55-
65. 

8.2 

l.3 

6.4 5.3 

65-
1.L 

1.5 

5 

·,5-
r.:.2-

1.5 

3.8 

85-
22.... 

1.3 

5.3 

95-
105 

1.3 

3.7 

105-
115 

1.0 

115-
125 

0.85 

125-
135 

135-
145 

1'5-
155 

155-
165 

165-
175 

l"15-
1E5 

17 

8,5 4.6 2. 7 1.6 1.6 0.85 o. 78 o.68 0.28 7.8 0,43 0.5 0,-l 0,4 2.1 0,43 0.)5 

0.31 

1.2 

0.41 0.25 

14 8 

16o 50 

18 17 

18 8 

4.8 2~4 2.2 2.6 3.2 

?8 

14 

34 

15 

26 

10 

9.3 0.9 

15 10 

5.4 5.2 5.2 4,6 3.2 

120 110 78 14 12 

42 26 5or l-8 26 25 21 

21 13 9 6.8 6.8 

?. .1 

l.O 

3,5 

2.13 

8.2 

3,7 

5.8 

: .• 4 

n.8 

". 8 

~'.8 

'(,2 

ll 

!.4 51 

27 

49 

27 

50 

3.4 0.3 0.45 0.3 0,3 0.31 (·,3 

24 19 

230 160 40 

5.8 1.5 0.35 0.55 ~.4 

2.4 8.6 

5f\ 40 ?.3.8 15.7 8,9 7,6 5.f ~'.0 

(,4 

:; .l 

0,9 0,47 0.42 0.3 

0.23 0,85 , . o.8 o_.q 

1.7 

3,0 

5,6 

ll 

-l.O 

1,1 

2,6 

4,8 

12.5 

2.9 

0.93 o.8 

2.4 

4,1 

2.0 

2.3 

46 

1.6 

0.43 0,74 0.27 0.26 

0.26 0.20 0.27 0.29 

3,5 2.7 1.3 5,3 

0.3 

).8 

1.8 

22 

1.5 

0.32 l.J 

0.31 5.4 

4,9 

4.3 

1.5 

3,5 3,3 

1.2 o.86 0.62 

0.33 0.29 0.31 0.26 

0.45 0.45 

1.5 

2.9 2.7 

0,54 0.67 

0.31 0.31 

0.3 0.18 0.22 0.63. 0,46 0,42 

3.8 l. 7 1.7 0.95 0.94 o.8 

( ·i·rc1l1 .. ~) IJ1, ')<l,3 29.5 Hi.7 22.8 21. 11.5 10.H 8.2 3,3 •1,4 4.5 4.4 1.4 1.3 3,5 -l.9 1.5 

·------------~--~~--~----~-----------------

.... .-.. . 
-...., ... ' 

,,. ' ... -.,/ 

.. 



FrofUe No. 

100 * 
135 * 

136 * 

137 

l.~8 

139 

HO* 

141 * 
14<' 

14.~ * 
10 

145 

147 

901 

0-2 

210 

5-7 

6 

11 

22 

110 

43 

50 

100 

6.1 

14' 

19 

3.5 

5.1 

~ 

64 

7.7 

4.8 

16 

19 

·Bo 

15 

23 

63 

5 

18 

8 

19 

7 

'!'able 7. 137co Concentrations (v:; if~~ in P1·of1le S11!r.plel! TPke11 on JA!f.:.'T. 

~om1·l~ ~·er·~~ 

10- 15-
5-10 .!.L &.. 

25- 35-
z;_ ~ 

45-
22 

55-
65 

23 3.1 0.7 o.44 o.t4 0.27 0.22 

65-
11. 

75· 
85 

85-
95 

95-
105 

105-
115 

115-
125 

2.8 J.2 1.6 0.9 o.66 O.H 0.29 0.027 O.C•37 0.082 0.072 0.039 0.026 

6 1.5 6.5 6.5 2.'7 1.3 ' 0.85 0.78 l.'.i 0.47 0.19 

125-
135 

135-
145 

145-
.ill. 

155-
165 

11 3.2 o.B6 0.9 0.25 0.21 0.23 0.19 o.;.9 0.015 0.008 0.03 0.01 0.1 0.058 0.037 0.01 

21 15 

50 20 

4 13 

5.1 1.1 0.63 0.23 0,37 C.16 0.:.9 0.19 0.15 0.063 0.03 0.035 O.l 

0.18 0.35 1.7 13 7 1.9 0.5 o.G3 0.45 O.'.i 0.3 0.27 6.36 0.23 

2.3 l. 1.1 1.5 1.5 0.42 0.56 0.38 0.35 0.21 0.19 0.73 

2.1 0.35 0.::>3 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 

0.17 0.15 0.34 42 49 53 26 l.5 o. 72 o.45 0.23 0.: 14 0.27 o.~5 0.29 0.18 

5.2 7 6.1 I) 5 4.7 2.9 0.1 o.:'l 0.37 0.93 

14 9 12 15 3.1 3.1 1.6 1.3 1.0 1,0 0.77 o.64 0.5 0.57 0.78 o.4 

9.7 6.5 o.8 0.7 o.6 0.24 0.17 o.c·B3 o.D24. 0.026 0.026 0.023 0.021 0.017 0.023 0.02 

0.09 

0.55 

0.39 

0.38 

o.o-t 

165-
.ill. 

·175-
~ 

0.01 0,03 

0.04 0.08 

0.42 

0.53 0.52 

o.6 o.6 

0.009 O.Ol 

18 16 2.9 2.6 0.85 o.4 o.6 0.32 o.:?8 0,12 O.ll 0.017 0,022 0.018 0.04 0.017 0.009' O.C'07 O.C'08 

8.5 6.1 1.6 0.32 o.45 

Av. Co!ll;'os1tc45.2 25.0 l'i.5 11.l 7.IJ2 4.9 1.)8 1.03 0.(6 0.34 0 .j'i 0.27 0.27 0,17 0.14 0.23 0,021 0,36 0.21 0.23 (' .21 

Av .Subtd stence 
Agrlcullu1·c 53.5 19.9 

~:i 
,• " ........ 
•, .. ~ 

'7.2 5,2 2.9 2.5 1.67 i.33 o.sn n.:?'3 0 .. 59 0.27 0.31 0.111 

~--~~----~----~~-----------~------------------------~-~~~~· 



Table 8. Concentrat~ons of 90sr and 137cs in each 15 cm increr.:ent belo·"· 
the surface fo::'.' the "J:..ve!'2ge P!'cfile Sc.::-iples" 

JPl~ET 

90sr 137cs 

Depth Av. 90sr cone. Ratio to 1 Av. l37cs cone. Ratio to 1 
cm (pCi/ gm) top 15 cm Ratio ( pCi/ gm) top 15 cm P.at.io 

0-15 67.7 1.0 1.0 19.6 1.0 1.0 

15-30 20.2 0.30 3.3 6.26 o.3ll ·5. 22 

30-45. 10.2 0.15 6.7 3.63 0.164 6.09 

45-60 6.36 0.094 10.6 1.11 0.055 18.1 

6o-75 3.96 0.059 17.1 o.464 0.023 4j.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- 80.6 

PEARL 

0-15 12.4 1.0 l.0 

15-30 3.4 0.276 3 I" • iJ 

30-45 1.1 0.088 l~ . ..L. ~ 

ALICE 

0-15 36 1.0 1.0 

15-30 24.5 o.68 l.~'"i 

30-45 16.6 0.46 2.1E 

45-6o 11.2 0.31 3.1; 

BELLE 

0-15 48 1.0 1.0 

15-30 9.7 0.202 L 0, -. _, , 

30-45 2.0 0.0•11 2.;.5 

45-6o 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 

45-6o 0.42 0.016 r::, 
·-1-,;._ 



Tabel 9. Affect of soil removal on 30 year integral bone dose on JANET. 

Bone Dose (Rem) Due To 
Total Av. Est. 1 

90 Soil Bone Exposure 
Soil Removal Action Sr Cone Volume Pandanus C0conut Meat External Marine TOI'AL 

(pCi/ g~) Dose Rates 
(15 cm aver.) 

Breadfruit Tac ca 

D. Av. for JANET 

Current condition 44 0 55.5 6.8 13.2 75 40 µR/hr 4.0 o.84 80 

DL Subsistance 
Agric. area 31 0 39.1 4.8 9.3 53.2 28 3.3 o.84 57 

D2. Remove 4.5 cm in 
31 

3.2x103m3 39.1 4.8 52.8 2.8 o.84 56.4 
Residential area 

D3r:i .. 
1. 5xl04m3 Remove 15 cm in 9.4 11.8 1.5 2.7 16 2.2 o.84 19.0 

Subststence Agric.Area 

D3b. 
3.0x104 

Remove 30 cm 4.6 5.8 0.7 1.3 . 7.8 2.1 o.84 10.7 

D3c. 
4. 5xlo4 Remove 45 cm 2.9 3.7 o.4 o.8 4.9 2.0 o.84 7,7 

D3d. 
6.ox104 Remove 60 cm 1.8 2.3 0.3 0.5 3.1 2.0 o.84 5.9 

·~ 
L. C .. ..J 



Mean current 

Island 
l37cs cone. in 
soil (pCi/ gm in 

Comm. Agr. 15 cm sar.rples) 

Area 

JANET 16 6.9x105 m 

OLl'VE 7.65 l.lxl05 

PEP.RL 12.4 l.5x105 

SALLY 3.0 

TILDA 4.2 

URSULA 1.7 

VERA 2.0 

Food Gathering and Pic:1icing 

Table 10. Soil removal actions to reciuce 
i-7 ) Cs concentrations in copra 

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

Thickness Volur::e Thickness Volum-e 
2 6 cm 4.lxl04 m3 14 cm 

4 ~ 

9.7x10 mJ 

0 5 cm o.55xio
4 

m3 

4 4 
2 cm o.3ox10 10 cm l.5xl0 

0 0 

0 0 

0 0 

0 0 

9.3x10
4 

m2 4 3 Ii. -
ALICE 36 47 cru 4.4xl0 m 74 CrJ. 6. 9xJ_C - rr? 

48 18.6 2.6x104 m3 
A. 

BELLE 14 21 cm 3.9xl0-

CLARA 26 1.9 10 0.19xl0
4 

17 cm 0 7;" , 0 4 
•..;.::.X-

DAISY 11 5.6 0 9 
4 

cm 0 .5:r.:10 

IRENE 3.2 0 0 

KATE 13.1 7.4 0.22xl0
4 4 

3 cm 12 cm o.89xlO 

LUCY 11 9.8 0 
A 

9 Cr!l o.89x1c, -
. 

MARY 9.9 5.6 0 8 cm o. 45xlc·-= 

NANCY 12 8.4 2 Ctl 
'-

0.92xl0
4 o.17x1c- 11 CID 

WILMA 1.3 0 0 

(~ 'i { . \.. 

,. 



Table 11. Population Dose Estimates fer Various Cleanup 
and Rehabilitaticn Options on Enewetak A~oll. 

;o yr whole 30 yr integral Max annual -whole Max annual cicse to 
body dose (Rem) bone dose (Rem) body dose (Re!'!l) red bone marrc·..i (Re::: 

OPTION 

I:} < < < .. < ( I ,* = 1.0 = 3.8 = (0.039/0.039) = 0.047 0.045,; 

II a 

b 

c· 1.0 3.8 0.039/0.039 0.047/0.045 

a 
e 

III a 

b 

c 

d 2.2 11. 5 0.125/0.128 f'. lt....3/" 1 ·,~ v. - ·.)· -:-; 

;J 

IT~} 5.6 23 0.245/0.252 0.293/0.294. 

a 3.6 13 0.16/ 0.16 0.17/ 0.17 

e 1.6 11 0.07/ 0 .07 0.14/ O.H. 

(same as IV e) 

c 

d 

* (Child/ Adult) 

0 ··""' . ' 
""·f..~ 
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Appendix I 
Enewetak Radiological Survey Report 

Abstract 

The AEC has conducted a survey of 

the total radiological en~ironment 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. 
90 137 60 239 Sr, Cs, Co, and Pu are the 

predominant radioactive isotopes now 

present, but their distribution is far from 

uniform. Islands on the southern half of 

the Atoll from ALVIN to KEITH have lev-

els of contamination comparable to or 

less than those due to world-wide fallout 

in the United States. On the northern 

half, islands ALICE to IRENE are most 

heavily contaminated, KATE to WILMA 

are least contaminated, and JANET is at 

an intermediate level. 

These radiological data have been com

bined with the best information currently 

available on the expected diet of the Ene

wetak people to estimate potential whole

body and bone doses to the population for 

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

70-yr intervals after return. Thirty

year integral dose estimates for unmodi

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

in Table A. 

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

Living 
pattern 

II 

III 

IV 

v 
VI 

30-year integral dose, rem 
Unmodified conditions 

External 
Bone, Terrestrial Marine Total 
W.B. W.B. Bone W.B. Bone W.B. 'Bone 

Inhalation 
Bone Lung Liver 

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

0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35 

0.10 0.13 0.056 4.0 6.1 75 0.053 0.84 11 80 

0.47 0.59 0.24 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 

0.090 0.11 0.049 4.4 9.6 130 0.052 0.84 14 13 5 

Living 
Eattern Village island Agriculture Visitation 

I FRED/ELMER/DAVID ALVIN through KEITH Southern islands 

II FRED/ELMER ./DAVID KA TE through WILMA Northern islands 

plus LEROY 

III JANET JANET Northern islands 

IV BELLE BELLE Northern islands 

v JANET KA TE through WILJ\1A 
plus LEROY Northern islands 

VI JANET ALICE through IREl'\E 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, 

marine, and inhalation pathways. In the 

terrestrial food pathway, the main con

tribution to both whole-body and bone 

dose is due to pandanus and breadfruit. 

Percentage contributions to the 30-yr 

integral dose for each of the terrestrial 

food items for a population engaged in 

agriculture on JANET are shown in 

Table B. 

Corrective actions to reduce popula

tion doses will be most beneficial if they 

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 on 
JANET. 

Sr dose 13 'cs 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 6 9 

Coconut milk 0.9 

1-2 

rather than grow them locally, the ex

pected 30-yr bone dose would be reduced 

from 80 to 25 rem and the whole-body 

dose from 11 to 6,5 rem. Similar results 

would be obtained if uncontaminated soil 

were imported to JANET for the estab

lishment of these plants. Attempts to 

obtain the same results by removal of 
90sr- and 137cs-contaminated soil from 

JANET would require denuding of the 

entire island because of the relatively 

uniform distribution of these isotopes 

over the land surface. 

Significant reduction of the external 

gamma dose may be achieved by placing 

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

lage areas and by plowing the agricultural 

areas. On JANET, for example, use of 

these procedures reduces the expected 

30-yr external dose from 4.0 to 1. 7 rem. 

Thus, from Table A it is clear 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 cleanup 

campaign which will eliminate the "hot

spot" plutonium problem and remove 

whatever amount of soil is necessary to 

reduce the soil plutonium concentration 

to a level comparable to other northern 

islands. As an indication of the volumes 

of soil involved, removal of a 10-cm 

thick layer of topsoil in the area in which 

"hot spots 11 have been detected involves 

approximately 17, 000 m 3 of material. 

Further removal of soil to reduce the 

maximum plutonium contamination levels 

to 50 pCi/g or less involves an additional 

25,000 m 3 of material. 

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

30-yr integral dose, rema 

Unmodified soil case 
b Modified soil case 

Location W. B. Bone W. B. Bone 

Enewetak Atoll living 
pattern III (JANET
current conditions) 

Enewetak Atoll living 
pattern III (JANET
pandanus and bread
fruit imported) 

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

Enewetak Atoll living 
pattern I (southern 
islands) 

U.S. background onlyc 

11 

6.5 

4.2 

1. 0 

3.0 

80 

25 

7.0 

3.8 

3.0 

8.9 

4.2 

1.9 

1. 0 

3.0 

a 
Sum 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. 

c Based upon background of 100 mrem /yr at sea level. 
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78 

23 

4.7 

3.8 

3.0 



Appendix II 
E newetak Radiological Survey Report 

Summary of Findings Chapter 
W. Nervik, Lawrence Livermore Laboratory, Livermore, California 

INTRODUCTION 

It has been the purpose of this survey 

to gain a sufficient understanding of the 

total radiological environment of Enewetak 

Atoll to permit judgments as to whether 

or not all or any part of the Atoll can 

safely be reinhabited and, if so, what 

preliminary steps toward cleanup should 

be taken and what post-rehabilitation con

straints must be imposed. 

Enewetak Atoll has an extremely 

broad range of radiological conditions in 

a small land mass. To gain an under

standing of the details of this range of 

conditions, it has been necessary to obtain 

and analyze a very large number of sam

ples 'from all components of the environ

ment. To gain an equivalent understand

ing of the implications of this range of 

conditions for rehabilitation of the 

Enewetak people, it has been necessary 

to postulate population distributions, life 

styles, and dietary habits - an endeavor 

fraught with uncertainties under the best 

of circumstances, but particularly so for 

the current, rapidly changing Marshallese 

culture. 

This section is a summary of the data 

obtained from the Survey, the postulates 

used, and the population dose assessments 

derived from data plus postulates. The 

reader is cautioned against expecting or 

using a "simple" description of the radio

logical condition of Enewetak Atoll, be

cause no single value of any component of 

the radiological condition is applicable to 

the entire Atoll without being misleading. 

II-1 

CURRENT RADIOLOGICAL CONDITION 
OF THE ATOLL 

External Gamma Radiation Levels 

Three independent techniques were 

used to measure external gamma radia

tion levels on the Atoll: 

• LiF and CaF2 thermoluminescent 

dosimeters (TLDs) were exposed 

for 3 i months on seven of the 

northern islands. 

• A measurement using a Baird

Atomic survey instrument was 

made at each soil-sampling loca

tion on each island. 

• An aerial survey with NaI detectors 

was conducted over the entire 

surface area of every island. 

All three techniques yield results 

which agree to within about 10%. 
60

co 

and 137 Cs contribute most of the total 

external gamma radiation, with the 

remainder due to small amounts of other 
. 125 155 

gamma emitters such as Sb, Eu, 

and 241 Am. The amount of 
6° Co rel a -

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 of each island. As 

exposure levels increase, exposure grad

ients become severe, with beaches 



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

Average exeosure rate1 
µRLhr at 1 ma 

137Cs 60Co 
Total 'Y 

Rangeb Island (0-3 MeV) 

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 1-4 2 

SALLY 3.5 3 7 3-110 

TILDA 4 2 6 2-11 

URSULA 3 1.8 5 1-7 

VERA 2.8 2 5 1-6 

WILMA 2 1-3 

YVONNE 5.6 22.4 33 1-7 50 

SAM <0.3 (0.20) <0.6 <0.11) 10.8 0-1 

TOM <0.3 W.18) <0.6 w. 13) <0.9 0-1 

URIAH <0.3 W.06) . <0.6 <0.43) <0.9 0-1 

VAN <0.3 W.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. W.10) <0.9 0-5 

REX <0.3 W.28) <0.6 W.25) <0.9 0-1 

ELMER N. D. W.19) N. D. (0.12) <0.09 0-2 

WALT <0.3 (0.08) <0.6 W.10) <0.9 0-1 

FRED N. D. W.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 W.46) <0.9 0-1 

JAMES <0.3 (0.05) 2.8 3.0 0-5 

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

LEROY 2.8 4.8 7.6 3-8 

aAverage dose rates given are derived from aerial survey data. On islands where act1v1ty 
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. 
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Fig. 146. Islands (those circled) requested as village locations by the Enewetak people. 

generally at or very near expected back

ground levels; the highest levels are 

found in heavy vegetation at island centers 

or near ground zero sites. "Average" 

values for islands with relatively high 

dose levels include a broad range of values 

for specific areas and should therefore be 

used with caution. 
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Radioactivitv Levels in Enewetak 
oi 

Approximately 3000 samples of 

Enewetak soil were analyzed by germani

um gamma-spectroscopic (GeLi) and 

wet-chemistry techniques to determine 

the distribution of radioactive species on 

islands in the Atoll. Samples were taken 



on every island, but emphasis was given 

to - and proportionately larger numbers 

of samples taken on - those islands which 

were known to have been sites for nuclear 

testing activity or to have been subjected 

to large amounts of fallout from such 

activity. 

Two types of soil samples were taken 

on each island: "surface" and "profile." 

At "surface" sampling locations, two 
2 samples were taken - one a 30-cm X 15-

cm-deep core, and the second a composite 
. 2 

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

"profile" sampling· locations, 100-cm2 

samples were taken from the side wall 

of a trench dug for the purpose. Nominal 

depth increments for the profile samples 

were 0 to 2, 2 to 5, 5 to 10, 10 to 15, 15 

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

increments to total depth. Total depth 

for profile samples varied from 35 to 

185 cm, depending on the distribution ex

pected from the testing history of the 

island being sampled. 

In general, the predominant species 

found in the soil samples are 90sr, 137 Cs, 
239p d 60C 40K 55F 101Rh u, an o. , e, , 
102mRh, 125Sb, 133Ba, 134Cs, 152Eu, 

154Eu 155E 207B. 226R 235U 
1 U, 1, a, I 

238 241 Pu, and Am are also present in 

some or all of the samples. As was the 

case for external gamma levels, small 

amounts of radioactive species on the 

southern islands (SAM to KEITH) are 

distributed more or less uniformly over 

the entire land area. On islands where 

larger amounts of activity are present, 

the highest levels of all species are found 

at the island centers or in proximity to 

ground-zero sites, usually related in a 

direct way to the vegetation density in the 

immediate area. As an example of the 

II-4 

kind of data obtained for each of the pre

dominant isotopes on each of the islands, 
90sr values for 0-15 cm core samples on 

JANET are plotted in Fig. 147. 

Table 215 presents geometric mean 

values and ranges for the four predominant 

radionuclides on islands from ALICE 

through WILMA. On islands where there 

are significant differences in activity 

levels between densely and sparsely 

vegetated areas, data for both are given. 

Similar data for groups of southern islands 

are shown in Table 216. 

"Profile" samples showed a wide range 

of activity distributions as a function of 

depth on different parts of the Atoll. Ex

amples of the types found are given in 

Figs. 148-151. Although generalizations 

in this area are not very meaningful, 

Fig. 148 shows the profile distribution 

normally found on the southern islands. 

Here the activity levels are usually low 

through the full range of depths sampled. 

Some sampling locations show concentra

tions decreasing somewhat from the sur

face through the first 10 or 20 cm of soil. 

Figure 149 shows the type of distribution 

often found inland on islands subjected 

to fallout but not to construction or other 

ground-zero earthmoving activities - i.e., 

a rapid and fairly steady decrease of 

activity levels from the surface to total 

depth. Figure 150 shows the distribution 

found on beaches and exposed areas on 

these same islands - i. e., uniform or 

slowly decreasing activity levels from 

the surface to total depth. Figure 151 

shows a distribution pattern found occasion

ally on islands which have been the sites 

for tests or have been subjected to con

struction and earthmoving activities 

(primarily IRENE, JANET, PEARL, 

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

90sr 137Cs 239Pu 60Co 

Mean Range Mean Range Mean Range Mean Range 

ALICE 80 14-430 36 5.6-141 12 3.9-68 5.9 1.4-33 

BELLE Dense 123 14-670 48 14-170 26 7.2-130 10 3 .1-30 

Sparse 44 35-130 8.6 3.3-44 11 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 
1~i~;; 

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

Sparse 32 16-120 3,8 0.86-9.0 15 3.8-33 0.85 0.37-7.4 

EDNA 46 30- 220 4.2 2.7-6.4 18 13-24 0.43 0.33-0.63 . 
IRENE 30 5.9-570 3.2 0.22-41 11 2.4- 280 5.4 0.12-520 

JANET 44 1.6-630 16 0.57-180 8.5 0.08-170 1. 9 0.02-33 

KATE Dense 67 37-200 24 18-37 17 8.6-50 2.7 1.6-5.8 

Sparse 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 o. 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 0.11 0.05-0.31 
' PEARL Hot spot 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. 60-2 5 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 3.2 0.02-50 0.64 0.01-20 

:~~;~~~~·:·: Northern 
Beaches 6.4 1. 2- 30 0.30 0.03-9.0 2.7 0.34-18 0.13 0.03-1.6 

YVONNE - Because of the complex distribution c1f" activities on Northern YVONNE no 
single mean value for an isotope can be used for the island as a whole with-
out being misleading. Readers should consult the YVONNE discussion in 
this section and the detailed data in Appendix II for information pertinent to 
their interests. 

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

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

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

Because of the observed variety of profile severely nonuniform distribution of 

distributions, no 11 average vertical distri- radioactive species on the Atoll is that 

II-6 
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Table 216. Enewetak soil data, southern islands (pCi/g in top 15 cm). 

137 Cs 239Pu 60Co 

Mean Range Mean Range Mean Range Mean Range 

Group A 
(DAVID, 
ELMER, 
FRED) 0.41 0.02-4.8 0.21 0.01-2.1 0.04 0.004-0.31 0.03 0,01-0.15 

Group B 
(All others 
except 
LEROY)a 0.52 0.03-3.9 0.14 0.004-1.8 0,07 0.004-1.l 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 

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

part of YVONNE which lies north of the 

tower (Sta. 1310). This area includes 

the highest external gamma levels found 

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

found over a five-acre site just south of 

the CACTUS crater. In addition, pieces 

of plutonium metal weighing as much as 

several milligrams are randomly 

scattered on or near the ground surface 

over most of the area from CACTUS 

crater to a line drawn across the island, 

about 60 m north of the tower. Construc

tion and earthmoving activities during the 

testing period, for which we have no 

reliable record, served to redistribute the 

radioactivity in such a way that it is 

essentially impossible to get an accurate, 

detailed, three-dimensional survey of 

radioactive 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, 10 to 20 cm below the surface, 

which contains high concentrations of 

plutonium (3200 pCi/g in one sample). 

II-7 

In an effort to obtain a reasonable 

estimate of the three-dimensional distri

bution of radioactive material in this area, 

45 profile locations (shown in Fig. 152) 

were sampled to 150-cm depths. Plutoni

um data for the profiles along the center 

of the island, and across the island at the 

position of the plutonium-bearing layer, 

are shown in Figs. 153-156. Data from 

all of the profile samples lead to the 

following observations: 

• There were no large plutonium 

particles analyzed in any of these 

samples since the maximum 

specific activity found was -800 

pCi/g. 

• Except for the area in the general 

vicinity of the exposed plutonium 

layer, there were few profile 

sampling locations where plutonium 

concentrations exceeded 100 pCi / g 

at~ depth. Of the four that did, 

two had the high concentration in 

the top 10 cm of soil. Profile 

sampling locations where plutonium 

concentrations greater than 100 

I I 



pCi/g were found at any depth are 

enclosed in cross-hatched areas in 

Fig. 152. 

Thus it seems likely that soil bearing 

high concentrations of plutonium - as 

opposed to pieces of plutonium - is largely 

limited to a band roughly 350 m wide 

across the island, centered on the visible 

plutonium soil layer. Within this band, 

plutonium concentrations are greatest on 

the ocean side, less on the lagoon side, 

and least in the island center - a finding 

consistent with historical data which in

dicate that debris was bulldozed away 

from the shot point toward both shore

lines after the event which produced these 

plutonium particles. 

Except for this band across the island, 

there is no evidence which indicates that 

plutonium particles on or near the ground 

surface in the larger area shown in 

Fig. 152 are also found at any significant 

depth below the surface. Because of the 

discrete nature and random distribution 

of these particles, of course, the only way 

that their distribution could be further 

established would be by analysis of very 

large volumes of soil. 

Radioactivity Levels in Enewetak 
Lagoon 

Approximately 858 samples taken from 

the Enewetak lagoon environment were 

analyzed by germanium gamma

spectroscopic (GeLi) and wet- chemistry 

techniques to determine the distribution 

of radioactive species in the lagoon, in

cluding 345 sediment and bottom cores, 

82 seawater and seawater filters, 21 algae, 

plankton, or coral, and 410 fish samples. 

Figure 157 shows the major sampling 

locations for this marine program. 

11-8 

Analysis of the sediment and core 

samples indicates the presence of 4°K, 
60c 90s 101Rh 102mRh 105R o, r, , , u, 
127Sb 137C 152E 154E 155E • s, u, u, u, 
207B. 235l' 238p 239,240p d 

i, ., u, u, an 
241 Am in some, but not necessarily all 

of the samples. Each nuclide is non

uniformly distributed over the lagoon 

floor, with the highest levels generally 

found in the northwest part of the lagoon, 

2-3 km southeast of the islands ALICE 

through IRENE; the next highest levels are 

found in the area southwest of YVONNE; 

and the lowest levels are found south of a 

line extending across the lagoon from the 

Southwest Passage to TOM. Figure 158, 

for example, shows the distribution pat

tern for 
90

sr. Similar figures have been 

prepared for each of the predominant 

species found. 

Many of the radionuclides found in the 

marine sediment and core samples were 

not detected in the water samples, in-

1 d . 102mRh 106R 125Sb 152E c u ing , u, , u, 

and 23 5u. In only 15 samples from the 
60 northern part of the lagoon were Co, 

155 207 . 241 Eu, B1, and Am detected. 
137 239 240 .. Cs and • Pu were positively 

identified in all samples. Table 217 gives 

the mean surface water concentration of 
137 239 240 . Cs and ' Pu m the four quadrants 

of the lagoon, in the ocean close to the 

east side of the lagoon, and for several 

areas in other parts of the world for 

comparative purposes. 

In the plankton samples, the most 

abundant isotopes observed were 
90

sr 

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

Bi 

(0.83 pCi/g), followed in decreasing order 

of abundance by 60 co (0.68 pCi/g), 
239• 240Pu (0.39 pCi/g), 155 Eu (0.24 

pCi/g), 241 Am (0.23 pCi/g), and 137 Cs 
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d. 
239 

Recovery of plutoniu;:i soil concentrations greater than 400 pCI/0 ' 

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

plutoniun at sor.ie depth nay one day be at the surface. Also, 

of 
recovery/contaminated soil sufficient to reduce surface 

levels to a value well belou 40 pCi/g 
239

,
240

Pu. The' 

justification is to keep air concentrations of· resuspended plutoniun 

to levels well within national and international 

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

ensure no pieces or hot spots of plutoniun remain. 

e. The area observed to have pieces of plutoni~ and th:~ highest 

soil concentrations is !".he interior and shoreline of tbc island 

beGinning at a line drawn fron the ocean reef to 1'1;:,con 60 ••'£'ten:: 

... '"' ........ ._. 
, '-'-·-.=... 

/ l T - - , 1 •· - - 1. r - _ '-· ~ _ -- , ""', I*\' 
\.' 1-:::.:... \.! •• "'. 0 •-r-. ~' L c· &... ~.-...·;.~ .... ,.._v J LU 

,... ii,_.,....,._'"" - . 
\ • .-1'1. ~. J. :.; ... i \.~ .L ,;. :.. t: .l .. 

8. Plutoniu::i cont;i:::inatcd soil on rr:.r:::r.: ~houlcl. be hc:.ndled ~he. s•ine aE 

on Yvm:~a: and usinr, the sane cri ~e'da for rer.ioval except 1 t is not 

expected that pieces of plutoniun metal will be found. 

9. Test plantings of pnndanus, breadfruit, coconut, and arrm.rroot siwnlC: 

be r::ade, as soon as growth can be assured, on each of the if> lancis on 

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

b . 1 b, 1. i . f 905 137c 239,240P d ecor:ie avai a ... c, t1e r concentration o~ r, s, u an 

any other significant radionuclides should be Ti1easured and conpared '"~~.t:. 

the itndiological Sun•ey predictions. These studies will proviJc for 

a dctemination. to be made of the earliest tine at which planting of 

food and conrnercial crops can be nade. 

10. An underground lens water samplinr, and analysis progr~.m should be 

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



. ' ·' 
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calendar months. Bacterial content, salinity, and radionuclide content 

should be measured, but primary emphasis of the program should be 

placed on develop~~nt of an understanding of processes which are 

operating - or which can be made to operate - to reduce the ecc.logic;-.1 

90 137 
half-life of Sr and Cs below the radioactive half-life on the northc 

islands, especially JA1mT. 

11. An air sampling program should be conducted during cleanup in 

12. 

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

infornation on radioactivity levels in air. 

137 
Base-line surveys of body burdens and urine conte~1t of Cs and 

90sr should be made for the Enewetak people prior to return to Ene-;1eta:~ 

Atoll, after the: first yeat of reside.nee, and as ~;>propriat:~ thi!r~-

after. Rcsurve:ys of the environmental radiatlon ancl radioacti;:ity 

levels should be made st~rting in the first year cf r~turn and 

repeated every other year. To be determined is the adequ~cy cf the die: 

and the actual average daily dietary inteke of radioactivity for. 

various age groups for conparison 'lrlth estimated levels and ho\.l 

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

changing with time. (Included should be collection of additional 

information on the chemical form and size distribution of 
239

Pu ?:l.A:'t:~.:2.-

in the air.) Infornation from such surveys will provide a continuin~ <-.: 

of the radiolor,ical status of tha people and tl:c environnent .;:-i·:.! '\..'ill 

assure that the exposm. e cri te?'i a is not being approache.d or excee de<l. 

13. Considering that the method of disposal of plutonium cont.'!;Jinated soil 

and scrap has not yet been dcc:!.decl, that not enough information is 

available to determine whether it is feasible: to ren,ove plu~cniun fror-: 

th~ f-:11:!.l to reduce the a::iount ~f r-.atc.:·:!.~:l rcquiri~:.~ disposc:l, c:.::.d !'.c~ 

r 
I 
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wanting such problens to delay cleanup and rehabililaticn of the 

atoll, the Task Group· recom.~ends the following: 

a. At a minimum, cleanup should accomplish the recovery of plutonium 

contaiminated soil and scrap into storage on YVOmIB, 

b. The YVO~f.'iE quarantine should remain irl ef feet with access controlled 

and all visitors monitored as for a radiation control zone. 

c. If disposal is deferred for further study, such study should be 

planned and conducted pronptly. 

14. The cleanup phase of rehabitation, i.e., renoval and disposal of 

contaminated scrap, debris, and so:i.l, should be carefully docu.i:ented 

in a comprehensive final report from these conducting the cleanup 

operation. 

03( 
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Fig. 153. Plutonium profile data, Locations 101-103, 105, 109, 114, 119, 124, and 
129, YVONNE. 

Depth -
cm 

10 

142 

10 10 

Ll 
Ll 
2.8 
4.""°1 
~ 
4.8 

2.1 LJ 
1. 7 1.2 
1.4 k 
3.0 /0.007 

1 

141 140 

21 
26 
1"':94 
1.8 
Q 
1.2 

0:91 
0:92 
1.4 
2.3 
Ll 
Ll 

139 

10 
8.4 1.8 14 
1 . 4 ,....-0795-07cµ 

01"23 0. 53 1 . 9 
-:03 0.20 0.64 
0~2 O....Q.3 0_,]_0 
0. 01 0. 03 0. 40 
0-:03 0~1 0-:11 
o.o4 o-:07 o.o3 
0~1 0. 02 0-:04 
0.007 0.03 0.02 
0.005 0.02 0.005 
0~1 o-:01 0.02 

138 137 136 

Profile location number 

10 

4.4 160 150 33 

2.4 ~ _0.0-.. •••• .)5 
Q 5. 0 1. !--:""!!. 
2.0 o..,Ao--0~3 O":"lo 10 
2.0 ~cf.So o.o7 o.o7 1 
3.0 0.28 0.02 0.008 
3 . 9 . 78 0. 02 0. 01 

0. 2 6 0"42 0 -:01 0 -:-02 
--:3 ~3\ 0.04 0.01 

0.3~'-.... 2.81 0.03 0.007 
0.27 0':"'17 0.03 0.005 
0-:03 0-:16 0-:02 0~3 

135 134 133 132 

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

(0.07 pCi/g). Comparison of these data 

with similar data obtained in 1964 indi

cates that, in addition to physical decay, 
60 137 . 

Co and Cs are bemg lost from the 

lagoon with mean residence half-times 

of 3.3 and 4.1 yr, respectively, while 
207B. b d . . i appears to e ecreasmg at approxi-

mately its radioactive decay rate. 
90sr, 
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Fig. 153. Plutonium profile data, Locations 101-103, 105, 109, 114, 119, 124, and 
129, YVONNE. 
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE. 

(0.07 pCi/ g). Comparison of these data 

with similar data obtained in 1964 indi

cates that, in addition to physical decay, 
60 137 . 

Co and Cs are being lost from the 

lagoon with mean residence half-times 

of 3.3 and 4.1 yr, respectively, while 
207 B· t b d . . i appears o e ecreasmg at approxi-

mately its radioactive decay rate. 90sr, 
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23 9, 240Pu 155£ 
' u, 

241 and Am were not this survey were chosen for one or more 

of the following reasons: (1) They are 

commonly eaten t:--· the l\1arshallesc; (2) 

they are relativel:: abundant at most of the 

reported in 19 64. 

Of the more than 700 species of fish at 

Enewetak Atoll, the species selected for 
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Fig. 157. Enewetak marine program sampling locations. 

collection sites; (3) they are representative 

of a feeding habit; or (4) there is previous 

relevant radiometric information about 

the species. The species of reef fishes 

selected as being representative of feeding 

habits include the mullet (a plankton and 

Il-20 

detritus feeder), convict surgeon (a 

grazing herbivore), goatfish (a bottom

feeding carnivore), and parrotfish (a coral 

eater). The tunas, jacks, and dolphins -

pelagic fish - and the snappers and 

groupers - benthic fish - which were also 

·-
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Fig. 158. Activity levels of 90sr 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. 

4
°K, 

55
Fe, and 60co were the pre

dominant radioactive nuclides found in all 

fish, although 65 zn, 90sr, lOlRh, l0 2mRh, 
108mA 125Sb 137c 152E 155E g, , S, U, U, 

207B. 239,240p d 241A also 
l, u, an m were 

present in some or all samples. 

II-21 

Table 217. Concentration of 137 Cs and 
239pu in comparative, sur
face water samples. 

Concentration, 
fC i ili ter 

Location 

Enewetak Lagoon 

SE quadrant 226 

NE quadrant 334 

NW quadrant 579 

SW quadrant 3 3 2 

Ocean, east of Enewetak Atoll 89 

LakeMichigan0971) 88 

Humboldt Bay, Calif. (1973) 300 

14"N 180°w 0972) 143 

l2°N 170°E (1972) 170 

Windscale vicinity (1969) 105,000 

Mean surface, Atlantic 
0-3l"N (1968) 

9.1 

42.6 

33.4 

21. 6 

0.3 

1.1 

0.44 

0.35 

0.7 
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Table 218. Number of organisms collected at Enewetak Atoll and Kwajalein Atoll near-
shore sites, October to December 1972. 

Orgorni;;m 

()1 her Oth,·r 

Collection Com· in Parrot- reef ~' '~l 1n\"\'l'11·- . .\pp 1'<"· 

site '.\lull et Goatfi;;h ;;urgeon fish f1~h TricL\cnc> cucun-\bcr· 1 br,11 c~ li'Li.\ 

Enewetak Atoll 

GLE:'\:'\-llE:'\RY - 25 1 l - 50 2 10 G -! Gb \ \-! 

LEROY - 50 8 1-! :i 0 - 10(' 1 o~; 

F"R ED 0 - 20 - 50 8 'i 3 2 !I] 

DA\'ID 0 25 - 50 12 2 -l !14 

nELLE - 50 3 30 3 10 0 llj 

IRE:'\E 2 3 12 0 
,, 
" 0 0 2:1 

.1..\'.'\ET - ;,o 3 - -!O 0 -! 0 ii:; 

TILi) . .\- URSULA - 3 5 l 1 - ;-,o 2 ~ 3 ~ 1 O'i 

Y\'O:'\:'\E 10 - l 5 - 5~) 10 ·' 0 :> (fd 10.-. 

Kwa.ialein Atoll - :rn :i ,) -!\ 

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

aThe number gh·en is the number of colleC'lions from .i giH'n ,,itt·. 

bPencil urchins. 

"Top snails. 

d::ipim lobster. 

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

Collection Yellowfin Organism 
site tuna SkipJack Mackerel Dolphin Snapper Grouper l:lua Total 

Enewetak 

Kwa.ialein 

Total 

2 

3 

5 

3 

10 

Figures 159-161 show the average con

centrations of predominant radionuclides 

found in co~vict 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-

II-22 
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8 

2 

10 

8 

8 

40 

6 

4G 

jack collected in Enewetak lagoon are 

shown in Fig. 162. In general, 55 Fe leveL 

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 Kwaialein, 
4

°K was present at normal background 
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GLENN HENRY L.!:.ROY 

Collection site 

Average 4°K, 55 Fe, 60 co concentrati~n ~ convict surgeon from Enewetak 
Atoll, October to December, 1972. The OK value is the mean for all con
vict surgeon samples. 

Table 220. Comparison of 
6° Co and 207 Bi in the viscera of convict surgeon collected 

in 1 9 64 and 1 97 2. 

60C . C"/ 0 tn p l g, dry 1
Bi in pCi/g, dry 

Fraction Fraction 
Island 1964 1972 remaining 1964 1972 remaining 

BELLE 120 16 0.13 8.0 2.0 0.25 

JANET 8.3 0.96 0.12 1.2 0.2 0.17 

GLENN 19 3.3 0.17 2.6 0.7 0.27 

LEROY 56 3.4 0.06 5.2 3.1 0.59 

YVONNE 64 5.2 0.08 

Average 0.11 0.32 
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Fig. 160. Average 137 Cs, 155Eu, and 207 Bi concentration in convict surgeon from 
Enewetak Atoll, October to December, 1972. The 40K value is the mean for 
all convict surgeon samples. 

levels (av 15 pCi/g). No 60 co, 207Bi, 
155 55 137 or Eu were observed, but Fe, Cs, 

90
sr, and 

239
•240Pu were found in some 

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 

from radioactive decay alone. Table 220, 

for example, presents a comparison of 

II-24 

60co and 207 Bi data for the two collection 

periods. The effective half-life of 2. 7 yr 

.for 60 co (radioactive decay half-life 

5. 24 yr) and 5.1 yr for 207 Bi (radioactive 

decay half-life 30 yr) implies an effective 

half-life in the ecosystem for both isotopes 

of about 5-6 yr. 

or the marine invertebrates present at 

Enewetak, tridacna clams, sea cucum

bers, spiny lobster, and top snails were 

collected and analyzed. In the tridacna, 
6° Co was the most abundant radioisotope 

found, and it was present in higher 

amounts in the kidney than in the viscera, 

,. 



~ 
u a. 

cu 
:::> .,, 
"' ->.. ..... 

""O 

c: 

c: 
.Q -e -c: 
cu 
u 
c: 
0 
u 
cu 

""O 

u 
:::> 
c: 

.Q 
""O 

ci=l 

M 40K . ------__ L. ean_:·:•:_ ____ _ 
10- -

Column legend 

s- A 90sr - eviscerated whole fish -

3-
B 905 . r - viscera 

C 239 •240Pu - eviscerated whole fish 
-

- - D 239 ,240p . u - viscera 

... 
--- -0.5 - ... ---0.3 ..... - -... ----

0.1 ..... ... -... 
0.05 ~ -
0.03 ~ - --- -

ABC D 

BELLE 
A B C C 

IRENE 
A B CD A B C: D 0.01 
JANET URSULA YVONNE DAVID FRED 

A 
ABCD .-BCD 

GLENN LEROY 
IABCD ABCD A s.S D 

Collection site 

Fig. 161. 
90 239 240 Average Sr and ' Pu concentration in convict surgeon from Enewetak 

Atoll, October to December, 1972. The 40K value is the mean for all con
vict surgeon samples. 

mantle, or muscle. Figures 163-165 

present the average radionuclide concen

trations of these tissues for the Enewetak 

locations at which tridacna samples were 

taken. 

Radioactivity Levels in Enewetak 
Terrestrial 'Biota 

The terrestrial biota survey had as its 

objective the collection and anal:·;sis of all 

available terrestrial vegetation and 

animal species which could be used as a 

basis for estimating population doses 

through dietary pathways. :'.'\ot all vege

table and animal components of the 

Enewetakese diet are cu rrentl:v availabk 

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. 
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Fig. 162. Average concentration of seven radionuclides in the 1 ight muscle (A}, dark 
muscle (B). and liver (C) of three skip,iack from Enewetak Atoll, October 
to December, 1972. 
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clams collected at Enewetak Atoll, October to December, 197 2. The 40K 
value is the mean of all Tridacna samples. 
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Fig. 164. Average 4°K, 55 Fe, and 60co 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

lected in the field as part of the terrestrial 

biota survey, distributed as follows: 

Soils 42 

Plants 

Birds 

Eggs 

Rats 

Crabs 

Total 

208 

116 

217 

249 

271 

1103 

The geographical distribution of 

specimen collection sites is shown in 

Fig. 166 and the types of edible sample 

collected on each island are listed in 

Table 221. 

90
sr and 137 Cs were observed in 

essentially all of the plant, rat, and crab 

samples and in many of the bird and egg 

samples. 55 Fe, 60 co, and 239•240Pu 

were observed less frequently, and 
. t h 207B. 152E d iso opes sue as i, u, an 
151

sm were observed occasionally. 
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Table 22i. Terrestrial biota survey. Edible plants and edible animals sampled. 

Island Coconut Coconut Pandanus Pandanus Tac ca Bird Coconut 
Ratb No. Island meat milk fruit leaves a corm Birds eggs crab 

1. ALICE x 

2. BELLE x x 

4. DAISY x x 

9. IRENE x x x x 

~ 
10. JANET x x x x x x 

12. LUCY x 

14. MARY x x x 

15. NANCY x x 

16. OLIVE x 

17. PEARL x x 
19. SALLY x x x x 

20. TILDA x 

21. URSULA x 

22. VERA x x 

24. YVONNE x x x x 

29. VAN x 
30. ALVIN x 
31. BRUCE x x x 
32. CLYDE x x x 

33. DAVID x x x x x x 

34. REX x x 

35. ELMER x x x 

37. FRED x x 

38. GLENN x x x 

39. HENRY x x 

40. IRWII\ x x x 

41. JAMES x 

~~. 
42. KEITH x x x x x 

43. LEROY x x x x 

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

bRats are not eaten but serve as indicators for poultry and swine. 
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Fig. 166. Terrestrial biota program sampling locations. 

For a given sample type, the radio

nuclide content generally corresponded 

with levels of soil contamination found 

on the Atoll. Data for 90sr and 137 Cs in 

coconut meat versus island sampling 

location, for example, are plotted in 

Fig. 167 and it is apparent that concen

trations are significantly higher on the 

northern islands (islands 1-24) than on 

those on the southern part of the Atoll. 

Since the main vegetation components 

in the human diet (coconut, pandanus, 
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and breadfruit) are not growing now on 

all of the northern islands, the ubiquitous 

Messerschmidia and Scaevola were 

sampled and analyzed extensively with the 

intent that they be used as "indicator 

species" for estimating doses from the 

edible plants should they become avail

able. The correspondence between 
137 Cs activity in coconut meat and 

Messerschmidia and/or Scaevola from the 

same location is shown in Fig. 168. 

To increase accuracy, dose estimates 

to the human population through the 

terrestrial vegetation pathway should be 

based on the geographical distribution of 

radionuclides. In order to do this, how

ever, a correlation between nuclide 

content of vegetation and nuclide content 

of soil must be established. As an ex

ample of the correlations that have been 

developed, data for 137 Cs in 

Messerschmidia and Scaevola vs 137 Cs 

in soil are shown in Fig. 169. 

Similarly, data obtained from rats -

the only mammals now found on the Atoll -

were found to correlate with the vegeta

tion radionuclide levels. For example, 

correlations for 137 Cs in rat muscle vs 

Messerschmidia /Scaevola are shown in 

Fig. 1 70, and for 90sr in rat bone vs 

Messerschmidia /Scaevola are shown in 

Fig. 171. 

Three classes of data obtained from 

the terrestrial biota survey, therefore, 

have been used to estimate potential 

human doses through the terrestrial food 

pathway: 

• Data obtained from the edible 

organisms where they were avail

able. 

• Data obtained from the correlation 

between edible plants - indicator 
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Fig. 169. St9.,tistical correlation between 137cs in Messerschmidia and Scaevola and 
l3 1cs in soil. 

plants - soil and applied to the plant 

component of the diet. 

• Data obtained from the correlation 

between rats - indicator plants -

soil and applied to the meat com

ponent of the diet. 
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Radioactivitv Levels in Enewetak Air 

A total of 32 samples of airborne 

Enewetak particulate debris have been 

analyzed to determine inhalation exposures 

likely to be encountered by residents of 
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Fig. 170. Statistical correlation between 
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the Atoll. Samples were taken using the 

following three types of equipment: 

• Ultra High-Volume Air Sampler 

(UHVS) - Used to sample large 

volumes of air in short time inter

vals. Typical samples were taken 

at a rate of 2000 m 3 /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 m 3 /hr for a 

continuous 7-day period. 

• Anderson Cascade Impactors (ACI)

Used to obtain data on the particle

size distribution of airb~rne radio

activity. These samplers operated 

at a throughput rate of 34 m 3 /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 µm. 
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Fig. 171. Statistical correlation between 
137cs in rat muscle and 137cs 
in Messerschmidia and 
Scaevola. 

Air samples were taken on FRED, 

DAVID, SALLY, JANET, and YVONNE, 

which are islands that include the full 

range of airborne activity levels likely to 

be found on the Atoll. 

A number of radionuclides were de-· 

tected in the surface air, including 7 Be 

(53 day), 4 °K (1. 26 X 10 9 yr), 54 Mn 

(303 day), 95zr (65 day), 103 Ru (39.6 

day), 106Ru (1.0 yr), 125sb (2. 7 yr), 
137 Cs (30 yr), 144 ce (285 day), 239Pu 

(2.4 X 104 yr), 238Pu (86 yr), and 
241 7 40 Am (458 yr). Be and K are 

naturally occurring activities. 54 Mn, 
95z 103R 106R 125Sb d 144c r, u, u, , an e 

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 

· t t· d d L l·r 137 c since es ing en e . anger- i e s, 
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Table 222. Comparison of radionuclides in surface air (fCi/ m 3) on Enewetak, 

Livermore, California, and Balboa, Panama. 

Remainder of 
Enewetak 

Nuclide YVONNE Atoll 

7Be < 49-193 <6-116 

54Mn < 0. 6-2. 1 < 0. 14-4. 0 

95zr <0.4-0.4a 0.03-0.3 

103Ru < 5. 5-5. 5a NDETb 

125Sb < 0. 27-0. 27a NDET 

106Ru <0.9-2.6 <0.2-1.6 

137 Cs < o. 49-0. 82 < 0. 04-2. 5 

144Ce < 2. 5-3. 7 < 0. 22-1. 9 

239, 240Pu < o. 03-2. 6 < 0. 001-0. 025 

238Pu < o. 04-0. 13 < o. 0028-0. 008 

241Am < 0. 3-0. 30a NDET 

a Detected only one sample. 
b 

Not detected. 
cOct. -Dec. 1972 range. 

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

from either local resuspension or from 

worldwide fallout. A comparison of 

activity levels at Enewetak with those ob

served at Livermore, California, and 

Balboa, Panama is shown in Table 222. 

It appears that, with the exception of the 

single sample on which 5.5 fCi/m 3 of 
103

Ru was observed, the only airborne 

radionuclides present at levels consist

ently higher than those at the other two 

locations were the Pu-Am species on 

YVONNE, a result not too surprising, 

considering the known soil contamination 

levels on that island. 

Of the 32 air samples, four were 

taken in October 1972 before typhoon 

Olga struck, and the remainder were 
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Livermore, Balboa, Panama, 
Calif. , 90N 79°W, 

1972 1972-1973 

90-250 43-143c 

0.005-0.4 < 0. 9-8. 5 

0.29-3.4 

o. 04-0. 23 

0. 14-2. 9 

0.63-3.2 o. 09-1. 7 

o. 24-3. 1 0.7-11.2 

0.01-0.03 < o. 001-0. 030 

0.001-0.005 < o. 001-0. 003 

NDET NDET 

taken between November 28 and December 

19, 1972. Wind speeds were almost 

always greater than 10 knots and often 

greater than 20 knots at all sampling 

locations. In addition, frequent light 

rain showers served to keep the ground 

surface damp. Table 223 presents 

climatological data which have been pub

lished for Enewetak and Kwajalein. It is 

apparent that December represents a 

fairly average month as far as total rain

fall and rainfall frequency are concerned, 

while average windspeeds are higher than 

those observed most of the year. 

Radioactive Scrap and Buried Debris 

Holmes and N arver, Inc., as part of 

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

Percentase of total time at each wind-sEeed interval 

Jan Feb Mar Apr May June July Aug Se Et Oct Nov Dec Av 

Wind sEeed, knotsb 

0-3 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 0 2 9 4.4 

>33 1 0 0 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. o 
PreciEitation c Yr record -----
Av. amount, in. 1.02 1.84 1.86 1. 28 4.57 3.37 6.45 6.81 6,24 9.09 6.30 2.63 51.46 30 

Greatest amount, 1.95 10.21 7.33 3.86 8.38 7.03 15.35 14.41 13.17 18.07 17.38 9.18 69,86 13 
i~ ... 
Least amount, in.. 0.12 0.40 0,37 0.49 0.37 1.33 1.36 4.22 1.53 2.60 1.94 0,86 24.42 13 
Mean number of 
days, 0.01 in. or 11 10 13 13 16 16 21 21 20 21 21 16 198 10 
more. 

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

bWind data for Kwaialein. 
cPrecipitation data for Enewetak. 

* for DNA, estimated that there were 

approximately 7200 yd3 Of co??-taminated 

metal and concrete present on Enewetak 

Atoll in December 197 2. 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). 

1970. 

on the other northern islands (KA TE, 

LUCY, MARY, NANCY, OLIVE, 

URSULA, VERA, and WILMA), even 

though none of them contains ground-zero 

sites, and neither the aerial radiological 

survey nor the ground survey parties 

detected this type of debris. 

On the southern islands, there were 

· four locations where radioactive scrap 

material was found: 

• On the north end of ELMER (in the 

"C" level area of Fig. B.37.1.b in 

Appendix II) there are several 

pieces of scrap iron with activity 

levels above local background. 

• In the central part of ELMER (the 

large "E" level area of Fig. 

B.39.1.b) a partially shielded 60 co 

source was found in a small storage 

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

Island 

ALICE 

BELLE 

CLARA 

DAISY 

EDNA 

IRENE 

JANET 

PEARL 

RUBY 

SALLY 

TILDA 

YVONNE 

Total 

Approximate scrap 
quantities 

Small 
(< 10 yd3) 

Small 
(< 10 yd3) 

None 

317 yd3 

196 yd3 

2106 yd3 

1 yd 3 

4064 yd3 

7262 yi 

aReference does not identify volume. 

• 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. 

• On the north-central shore of 

GLENN (the "C" area of Fig. 

B.48.1.b) there is a derelict barge 

which is contaminated with detect

able amounts of 207 Bi. 

Remarks 

Background is up to 170 µR/hr. An M-boat 
wreck on beach reads 8 mR/hr. 

Background up to 250 µR/hr. 

Background up to 100 µR/hr. 

Background up to 140 µR/hr. 

Sandbar 

Up to 1.2 mr/hr. 

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

Confined to SGZ area. Levels up to 5 mr /hr. 

Scrap-metal activity levels up to 0.12 mr/hr. 
Alpha levels on concrete surfaces up to 
103 dpm/50 cm2. 

Activity levels up to 60 mr/hr. 

Because of the extremely low ambient 

radiation levels on the southern islands 

and the sensitivity of the aerial survey 

equipment, we can be reasonably con

fident that we have found all material 

above ground with activity levels greater 

than a few microroentgens per hour. On 

FRED, for example, the highest radiation 

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

proved to be coming from barrels of fly 

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

Residence 

Agriculture 

Fishing 

Residence 

Agriculture 

Fishing 

Residence 

Pattern I 

FRED, ELMER, or DAVID 

AL VIN through KEITH 

Entire Atoll 

Pattern III 

JANET 

JA~ET 

Entire Atoll 

Pattern V 

JANET 

Pattern II 

FRED, ELMER, or DAVID 

KATE through WILMA+ LEROY 

Entire Atoll 

Pattern IV 

BELLE 

BELLE 

Entire Atoll 

Pattern VI 

JANET 

Agriculture KA TE through WILMA + LEROY ALICE through IRENE 

Entire Atoll Fishing Entire Atoll 

used for PACE drilling operations. The contribution of each pathway to the 

Similarly, the nearby "C" level area total dose for an individual depends on 

proved to be a BO Co source stored in a living patterns and diet. Six living pat-

lead container in a locked building properly terns, shown in Tables 225 and 226, have 

labeled, but of which we were unaware be- been selected for the dose assessment on 

fore the survey started. the basis of statements made by the 

Enewetak people as to how and where 

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. h 1 . + D 1 in a atlon externa gamma 

+D. fdh' marine oo c a1n 

+ Dterrestrial food chain 

they would like to live after they return. 

Similarly, the diets shown in Table 227 

have been selected on the basis of the 

best current information on the dietary 

habits of the Enewetak people, the curren 

distribution of edible species on the Atoll 

and growth periods before harvest for 

edible species which will have to be 

established after return. In addition, 

these assessments assume that the 

Enewetak people will continue their cur

rent practice of using catchment rain

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

Village area Beaches 

Men 50 5 

Women 60 10 

Children 55 10 

Infants 85 5 

lens water, where available, will not be a 

significant part of the diet. 

0 inhalation 

239, 240 Pu 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 

assumed that the returning population will 

be exposed to air with an average dust 

loading of 100 µg/m 3
, with the same 

239 240 . ' Pu content as the local soil, all 

0.4 µm in diameter and low in solubility. 

Using these assumptions and 239, 240 Pu 

concentrations obtained from the soil 

Interior Lagoon Other islands 

15 10 20 

10 0 20 

15 5 15 

0 0 10 

samples, inhalation doses to bone, liver, 

and lung for each of the six living patterns 

have been estimated and are shown in 

Tables 228-230. 

The "unmodified" cases represent 

calculations based on the 239, 240Pu con

tent of the top 2 cm of soil, while the 

"modified" cases represent calculations 
239 240 based on the average ' Pu content 

of the top 15 cm of soil. The latter 

condition would obtain if the soils were 

plowed or mixed during the replanting 

operations. 

D external gamma 

Using gamma levels obtained from 

the aerial survey, estimates of the ex

ternal gamma dose associated with each 

of the living patterns have been calculated 

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

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

Village area Beaches Interior Lagoon 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 returnine- 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•240Pu via inhalation pathway, bone. 

PCI/G EXPOSED 
LIVIHG PATTERN lH SOIL 5 YRS 10 YRS 30 YRS 50 YRS 70 YRS 

I. MODIFIED 0.05 0.0000 0.000e 0.00El3 0.0009 e.001s 

UNMODIFIED 0. 12 0.0000 0.0001 0.0007 0.0022 0.0043 

I I. MODIFIED 2.00 0.0001 0.0008 0.0122 0.0360 0.0720 

UNMODIFIED 4. 70 0.0003 0.0020 0.0287 0.0846 IL 1692 

III. MODIFIED 7.30 0.0004 0.0031 0.0445 0. 1314 0.2628 

UNMODIFIED 17.00 0.0010 0.0071 0. 1037 0.3060 0.6120 

IV. MODIFIED 15.00 0.0009 e.0053 0.0915 0.2700 0. 5400 

UNMODIFIED 77.00 0.0046 0.0323 0.4697 1. 3860 2. 7720 

v. MODIFIED 7.30 0.0004 0.0031 0.0445 0. 1314 0.2628 

UNl'1JDlFIED 17.60 0. 0011 0.0074 0. H.'174 0.3168 0.6336 

VJ. MODIFIED 9.50 0.01;106 0.0040 0.0579 0. 1710 0.3420 

Ul'!MODIFIED 14.70 0.001;19 0.0062 0.0897 (1, 2f.4f. ci .:1::?:1 
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Table 229. Cumulative rems to organs from 

PC I /G 
LIVING PRTTEPN rn SOIL 5 'r'PS 

I. MODIFIED 0.05 0.0000 

UNMODIF JED 0. 12 0.0000 

I I. MODIFIED 2.00 0.0001 

UNMODIFIED 4. 70 0.0002 

I I I. MODIFIED ' .30 D. 0\'.HB 

UNMODIFIED 17.00 0.0007' 

IV. MODIFIED 15.00 0.0006 

UNMODIFIED 7?.00 0.0031 

v. MODIFIED ( .30 [1. 0003 

UNMODIFIED 17.60 Cl.1J007 

VJ. MODIFIED 9.50 0.0004 

UNMODIFIED 14. ;-0 IJ. 0006 

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. 

0 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 man 
dt 

where 

c man 

1 fman C 
- ;\ C 

1\1 man man 
(3) 

concentration of nuclide in 

man, pCi/g 

239,240Pu via inhalation pathway, liver. 

E>'.PO::ED 
10 ·,·F·:;. 30 YRS 50 YPS TO YRS 

0.0000 0.0002 0. 0~:;.05 0.000::: 

o. 000(1 0.0004 0.0011 o. oo.:=:o 

0. 000'5 D.0066 o. 01:::6 0. 0340 

0.0011 0 .01'55 0.043;' o.o:-ss 

D.0018 D.0.:::41 0.06:"9 0 . 1.:::41 

0. ~'..1041 0.0561 0. 15E: 1 0 . .2:::90 

0.0036 I). 049'5 0. 139:1 D. 2':150 

0. 01::::" 0.2541 0. ;' 161 ! . 3051:1 

0.001:3 0.0241 0.067'9 (1. i ,:::.J ! 

0.0042 0.0581 0. 163;' t:-.. ~?:i2 

0.0023 O.IJ313 ('. 0::::33 D. lS:S 

IJ. 003:" IJ.0485 0. 136;' 0 .. ~..1'?9 

I = food intake, g /day, 

f fraction of nuclide ingested 
man 

and 

reaching the organ of 

reference, 

C concentration of nuclide in 

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

fish, shellfish, coconut, land 

crab, etc.), 

M = mass of the organ of refer

ence, (g), 

;\ 
man effective elimination rate of 

-1 
nuclide from man, (day ). 

(;\ = Xb. 1 . 1 + ;\ d' . ) man io og1ca ra ioact1ve 

The concentration C in the food products 

is calculated assuming that the nuclide 
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Table 230. 
f 239,240p . . h l t" th Cumulative rems to organs rom u via m a a ion pa way, lung. 

PC I <C; 
1-•' !li'..:i :o.:,1:::Pt·l IN :.IJ IL '5 yp·:. 

!. 110DIF!ED o.o:, 0.0000 

U'li'lODIFIED 0. 12 0. 001::.l I 

I I. r1or1 IF I EI• 2.00 0.0017 

U!lMOD IF JED 4. :'O 0.0040 

I I I. f10D IF !ED 7.30 0.0063 

u~moriIFIED 17.00 0.0146 

IV. MODIFIED 15.00 0.0129 

UNMODIFIED 77.00 0.0662 

\I. MODIFIED 7.30 0'.0063 

UMi10DIFIED l:'.60 0.0151 

VI. MODIFIED 9.50 0.0082 

UNMODIFIED 14.70 0.0126 

disappears only by radioactive decay, 

i. e., that no other processes are in 

operation which reduce the nuclide avail

ability in the food chain. Therefore 
-;\ t 

C = C
0 

e r, where C
0 

is the concentra-

tion observed at the time of the survey 

and Xr is the radioactive decay constant. 

The concentration in man at any time t 

after initial consumption of the food is: 

( 
-;\ t -;\ t) 

X 
r man e - e , pCi/g. (4) 

The dose at any time t after initial con

sumption is 

E>'P0'3E[l 
10 -,·p·:. 30 YRS 50 YRS 70 YRS 

0.0001 0.0004 0.0006 0.0009 

0.00fE 0.000~ 0.0016 0.0022 

0.0044 0. 0152 0.0260 0.0360 

0.0103 0.0357 0.0611 0.0846 

0.0161 0.0555 0·.0949 0. 1314 

0.0374 0. 1292 0.2210 0.3060 

0.0330 0. 1140 0. 1950 0.2700 

0. 1694 0.5852 1.0010 1.3860 

0.0161 0.0555 0.0949 0.1314 

0.0387 0. 1338 0.2288 0.3168 

0.0209 0.0722 0. 1235 0. 1710 

0.0323 0. 1117 0. 1911 0.2646 

. ft 
Dose (rem) = KE C dt man 

0 
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If C man o 
M (X X ) 

man r 

-;\ t -;\ t 
X ( e r - e man )dt, (5) 

where K is a conversion constant from 

pCi/g to rem and e~uals 5.1X10- 5 

disintegrations· g· rem d E . th d' 
pCi· MeV. day an is e is-

integration energy of the nuclide in MeV, 

including a factor for relative biological 

effectiveness (REE). The final dose is 

then determined from the integration of 

the equation, i. e., 



KE I fman C 0 
Dose = M (X _ X ) 

man r 

rem. ( 6) 

Table 232 lists the fman (FMAN), 

A. ad·o t" (LR), A. (LMAN), and r i ac ive man 
disintegration energy (E) values for all 

of the isotopes in the dose calculations. 

Fish and marine organism data from 

the survey have been found not to have any 

statistically significant differences for 

dose estimation purposes between samples 

taken in different parts of the lagoon. 

The radionuclide concentration, C
0

, used 

in the marine food chain dose assessment, 

therefore, is the average value for all 

fish from the entire Atoll determined from 

the survey and is listed in Tables 233 and 

234 for each nuclide. The average values 

for radionuclide concentrations listed in 

the tables are in pCi per gram dry weight, 

with data corrected to pCi per gram wet 

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

Gamma dose, rad 

Time interval, ~r 

Case Living Eattern 5 10 30 70 

I Village: FRED/ELMER/DAVID 

Visits to ALVIN-KEITH 

Time distribution: Table 137 

Unmodified o. 14 o. 28 0.83 1. 92. 

II Village: FRED/ELMER/DAVID 

Visits to ALICE-WILMA 

Time distribution: Table 137 

Unmodified 0.38 0.68 1. 59 2.97 

3. Northern islands plowed (0. 22) (0. 41) (1.08) ( 2. 26) 

III 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). 

v Village: JANET 

Visits to KA TE-WILMA 

Time distribution: Table 137 

Unmodified 0. 71 1. 28 2.94 5.06 

1. Village graveled (0. 59) (1.07) (2.48) (4. 36) 

2. Plus JANET plowed (0. 36) (0. 66) (1. 59) (3. 02) 

1~ 3. Plus KA TE-WILMA plowed (0. 29) (0. 54) ( 1. 36) (2. 71) 

Gamma dose, rad 

Time interval, yr 
··., :-·.· 

Case Living ,eattern 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) 

VI a Village: JANET 

Visits to ALICE-WILMA 

Time distribution: Table 136 

Unmodified 0.76 1. 37 3. 12 5.33 

1. Village graveled (0.62) ( 1. 12) (2. 58) (4. 51) 

2. Plus JANET plowed (0. 41) (0.75) ( 1. 77) ( 3. 27) 

3. Plus Northern islands plowed (0. 30) (0. 56) (1.40) (2. 76) 

VIb Village: JANET 

Visits to AL VIN-KEITH 

Time distribution: Table 136 

Unmodified 0.60 1. 10 2.60 4.60 

~~:;~~!~;~:. 
1. Village graveled rn. 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, III, \' ' 
and VJ) 

Unmodified 0.6G 1. 20 2.74 4.75 

1. Village graveled (0. 5r1) ( 1. 07) (2. 4 G) (4. 33) 

2. Plus JANET plowed rn. 41) (0. 7 4) ( 1. i 5) (3. 25 \ 

3. Plus All Northern islands plowed (0. 2°\ rn. 54 l ( 1. 36) (2.70) 

Sea level, {J.S.A. 

(80 mrad/yr) T~'pical 0.40 o. ~~o 2. 4 0 5. (i() 
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NUCLIDE 

3 H 
14 c 
s:1FE 
f,fJCO 
f".':tl I 
':HJ ':·F' 

10•'.PIJ 
10.:'F'H 
I I 3[[1 
l2r:5SB 
12'..'l I 
1338R 
13;-'CS 
14-lCE 
l..!;-'Pl1 
I ~,i Sil 
1:,.::EU 
1'55EU 
;:'.IJ;-'81 
=:~s u 
23::::F'l.1 
2':'.::lPU 
::.~flF'l_I 

.:·.i 1HI1 

Table 232. The disintegration energy E and the radioactive half-life LR are listed for each 
radionuclide. The effective biological half-time LMan and the fraction of 
ingested isotope reaching the organ of reference FMan are listed for three 
receptor organs, bone, liver, and whole body. 

E 

6.287E-03 
6.081E-O::> 
h. i::::-1.lr'!E-r~ ·: 
:_:. ,-.-101.:- 111 
I . ;·:=:1-n::--rt.:~ 
r~,, ':_·,iJl~I[:: -'-~-ft-1 

I. qll' .. +r_;fl 
1 . o:;c1E +u:_ 1 

1. :=:nnE--0 ! 
3. t.IJIJ[--'J ! 
, .. f",:Jt".r=:-ri. · 
-~. o:-· .. 10~-o 1 
:1 . ~·ooc> o 1 
-:: . ;-5.JE+OO 
2.2?i"E+OO 
I. 52.5!::-IJ..: 
1: .. r:.oor:: -(1 ! 
l. 1300!::-<J I 
I. OOJJE+CO 
..! . ,:,1JOc+t!O 
.~. t.~_HJ~ +Cl l 
c;,31JOF+lll 
o;:,. 30nc+ri r 
~1. ;-rnJ::-!-r• 1 

LF' 

.54qE-04 

. 3 l·~E-IJI 
_11·: ··;---li,l 
• f-,1 l'. it_· _ 1 1. ! 

·.111, 11· 1[:1 

~ ·, . ," '.-:: 1 ~ _ - ·=·,[~I 

1 , ; :'.-!'If::. - i~t ') 

::-, . r:,. l ~-= -- Lt--l 
_;-:~ ! :· :::: -- -1.-~ 

;·. n--~ ··r_:-q.~ 
l . : :.::: 1-~ -- l l I 

, ~ . ~~); · r: - :·i l 
. ·3.~·1 -1:1::; 
. ..)~-~ -03 
. 032 -rq 
. l 1 i:1 -llS 
. [53 ~ -'J...f 
.~1~/~1 -,·1~ 

6.32~~-05 

~.l~~.~[-J. 
~~. 1~ - !~t~, 

, . ''·'I' -1 "
T'~-·'.- --!·1;--

:.i' ·-

BOtlE 11fl'c,::; ~ r;. •)OfJE +03 

-U1f'1tl-

5.;-'qOE-02 
J.;-'':3E-02 

'I, 

'I ',1 -!1,-' 

r I , • :1 ' _ I ~ ... 1 

1 . ·: ' 
'1 >-,-_- - ~: 

.• - ·.=-tc:: -

r_=1. ·~ 1 t ::- ) 
~-.6~-:~~::- ~ 

L ~l~1L)f: - -, 

l . r~1· 1 ::~-I',__ 

,-, . . '.:_, ·-::_ - t' _3 

·-. :1 .. : :--

1. 6c,•: -
..! . -: I::-
_3 • 3;-"~l'::>-l_l~l 

t. 2-··-r::: 'J ~ 
c:; •. ? t ;--"=-n.2 
~-:.1::·-·~~·~ -:3 
. L 1·. __ -1~1~ 

1 • ~-1··1:-: - i:·-, 
--1··-

:-··. 

-Fl1Atl-

9. ll'l!lF-02 
.--:·. :')OnE-C1=: 
1 I ' I ' l ~ 

1!''1 ,:...:,.11 
i .r.,1_1'.'.' -•_11 

-:: . ,-1'-1·Jr.:~ -·~1 • 
. ,- 1f" _ ,-~ ") 

1 I i, j..:=-·-1._ 

I ;~1··n:1r:_-:-; 

. 111·•·-ir:-o 

. :1~·)1_1[-'J. 
~- • ·:.·~·_1[~ -: i . ..: 
~. 1 .-!·=-t_-i-. 

-~ .11 nc- 1=-i-s 
3. o::--; r•E-0~ 

3. rs~~":'~ - ns 
3. S'~10E-Ol_5 
~. 1.:.JOE-!1"5 
-:: .. f1'1E-O--t 
~. ~1:-11JE-rcs 

'.. )S 1J!='-O':i 
~r: 1~1r~ -~~r'_:i 

-tJ) 
,-,,.-:; 

LIVEP t'1ASS~ 1.i:Jf'(1E+o; 1 .. :::c::.:::u·:ir1·,· ilA~;:;~ ;-'. 0::::~1~ -'-; .. ; 

-U1AM-

5.~90E-02 
6.?30E-02 

.. r· ·r:_ - t ! ;-

:-: . 1::•1 F-r·-.. 
... 1 1~:.-F-1-.

. _ : ~~"-: E --·~11 
•• , :: 1-r-•c·.c· 
--- . :c·; :~I"_. 

~ . rc.r· 1 r= -1-. c· 
1 • :--.. :· 1c_ .-

~. 0 0[~-~ 

~.:45E-~~ 

E-e 
E-0 
E-r:: 

~. ~.:";-"E-:~:"3 

~-~.C [-·D3 
~~. '.:· F --r)-::; 
..t.C [-fl~' 

1 • :=: C-C':', 
.~~. 3 -:.E- 1!!::1 

,-1 ! • ~ ":- -~ ·· 1:, 

~ ,- .. -1-

:· .. '--,· 

-Fl 18tl-

2. 60•JE-02 
::·. 1;F1l1F-rl2 

~:i-1·· 
,-·, -
I t , • J -~ r_: "! 1 

:. .c1 . .1_1C 
t • ··=·i:.·· ;( -1:_! 

L 1' -~ :~- - ,-1 ' 

:-_:. 0 1-·:··c 
::r 1 ··1r:_-1: ; 

f_;. c11-1n1~. r···, 
1 • ~·11 · :::: - ,-, ~ 

~. OCOE--· (r; 
:: . c t=:1~H:. - I 't -~ 

• 'J!=1:~1E-1·1s 
.ocrir::- ·-:r:. 
. ':10(1C:. -C1~ 

~. ~~·-,i-1i:::- --er-; 
<:·. ~1:=1~1[ - 1~r3 

: . -:-.•=:r1E-;~·-·~ 
i .1~1~~ 1-:::·-~-i.~ 

', • .-=:··:~·Jr_:-1~•~, 
1 •. ?D1-:r: -11, .. 

. • ,_ ·~1 ) ... ~-~~I 

..-1 

-u1,:it1-

S.;-'91JE-fJ2 
t.. ·i,nc-11:2 

'1:- - . 

·~1 • ' __ - . 

1 r1· .-, 

I .. 

.: · .. -:-,· ·:-_. 

.. , ' - :.[ 

~ . :·: .. -, ~t:- - '~1,-=: 

: •• ! . '-.. c .. :--~ 

1 . ,-,,_··:::r:- ;::2 
~. 1. i -:~E-- -·-1 ~ 

-:; • i:=-.,: .. 2E -:~1"?. 
1 . ; t .. ~:r~:->- ·Y3 
1 • (1~ ,-r::- :-:i:: 
3. -·;··:-1:_-._:.J 
i. ~-1~-1--_- ::1~: 

t . ::::-: ;-'c~ -·:11 
::: • '1 ~,--...-:-:=~::: 

3. i-1 ·: ~.:: _; • .--

,-, ·- ~ -- -11C, 
,_-. 

-· -=· 
- -- . ~.-- ,-,.-

·-' 

-Fr1Htl-

1 • ():JOE +O:J 
1 . UDOE-:-OC1 
~ • ' ·: ~ I i ·. I I I 

~. ··::·-: . !'I 

-::-.• ,-,.r ·. :~ ~-- 1~· 1 
~~. 1~,,-.,-,~:--1.·1 t 

2. c1 :-11_ --.· i 

~I , ~:-H:-: ::i ,. - :'"!,-::• 
-~. t ;:-i ._ - ! .. 

1 . L ·: ::: ,_:: +1 , ~-1 

~. ·=~i_11 :-, -

1 . o·~t;_. ...!. c~!J 

1. c1110 --•:i .. t 
1. CHX' -cu 
1 • c::J 1J -o....i 
1 • ~)1-~·~~ -<:.' 
1. 01~-;··· -:.J. 
~. Pt.111 - -:l 
1 i:1~··1n' -t:i. 

! . 1 1-~ - :·· 1 C', 

• Cf=IL_, ::-- :·~, 
-.~ 

' 
·~ ... ! 



% 

:=I 
I 
~ 
a> 

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

RANGE PCJ/GRAM AVERAGE LOGNORMAL 
NUCLIDE TISSUE 

NO. OF 
SAMPLES 

AVEP.AGE 
PC I /GP.AM* 

STANDARD 
DEVI AT ICM HIGH LOW PC I /GRAM** MED JAM PC I/GRAM 

01003 
19040 
26055 
27060 
381)90 
44106 
45102 
48113 
51125 
55137 
56133 
58144 
63152 
63155 
83207 
92235 
94i:J00 
94238 
95241 

MUSCLE 9 3.955E-01 1.517E-01 7.189E-01 l.845E-01 3.955E-01 
r1USCLE 116 l .189E+01 5.277E+00 2.697E+01 2.982E+00 1.189E+01 
MUSCLE 123 !.57<-1E+01 4.108E+1Jl 3.833E+02 1.577E-01 l.566E+01 
tUSCLE 128 2.005E+00 5.377E+00 3.827E+Ol 4.063E-02 1.958E+CO 
MUSCLE 125 l.562E-Ol 2.460E-Ol l.541E+80 1.051E-03 l.177E-01 
tUSCLE 88 8.085E-Ol 4.558E-01 2.237E+OO 3.0l7E-O! 0. 
11USCLE 128 9.044E-02 6.601E-02 3.729E-Ol 1.805E-02 0. 
fUSCLE 1 2.635E-01 0. 2.635E-01 2.635E-01 2.635E-01 
r1USCLE 128 2.449E-Ol 2.581E-!Jl 2.0'36E+00 7.734E-02 3.9\0E-02 
t1USCLE 128 3.897E-•Jl 7.940E-'31 6.779E+00 2.636E-02 3.493E-Ol 
f1U5CLE 104 l.431E-01 l.ZOSE-01 7.631E-01 2.445E-02 \.598E-02 
MUSCLE 4 2.822E-Ol l.269E-02 2.975E-01 ?.699E-01 O. 
MUSCLE 128 7.826l:-02 5.8~J9E-02 3.415E-0l 2.7c9E-02 O. 
f1USCLE !28 1.107E-OI 7.631E-02 5.212E-Ol 3.097E-Q2 1.4!1E-o.? 
MJSCLE 128 2.409E+OO 2.233E+Ol 2.527E+02 l.965E-02 2.372E+OJ 
11USCLE 12"2 7.932E-02 4.723E-'12 2.547E-Ol 2.271E-02 0. 
MJSCLE 123 2."'71[-01 2.CD3E+OO 2.3~6E+01 4.820~-04 2.44JE-0! 
r-1USCLE 64 1.. 39fJr:=:-·'J~~ L .. 175E .. :32 1 . 1 C?Ji:::-o !. 1. ::~8.2E-:J3 5. 2 .. 1 ir:-nz 
r1u::.CLE 128 I . j .J,~E-0 I 8. 462'0-'-'2 8. 023E-(J 1 ~. 232E-02 2. TT 1 :::-03 

*RVERRSE 'IF NON-DETECTED. COMCEMTPRTION SET EDIJAL TO DETECTIO"I LIM!T) PCl/GPAM 
-~*RVEPRGE r IF MOtl-DETECTED. COtlCENTPAT I OM S[T f':OU~tl_ TO ZEPrJ) PC J/GRA~1 

3.712E-01 
1. 07SE+Ol 
5.063E+00 
5.974E-01 
6.308E-02 
T. 0'58E-8 l 
7. l 6'5E-82 
2.635t:-01 
l.9TOE-01 
1.955E-Ol 
I. 004E-01 
2.82".'C::-01 
6. 3:29E-02 
9. 24.2'::- 1J2 
1. 35C~ -·-.11 
6.563E-02 
1.257:0:-02 
7. 6('.:1'::-03 
q - ?q:~~ -IJ'2 



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

Concentration, pCi/g dry weight 
Nuclide Average High Low Sample No. of Samples 

137 Cs 

60Co 

90Sr 

90Sr 

All fisha 

All fisha 

All fisha 

Eviscerated 
whole fish 

Fish muscle 
only 

128 

128 

125 

74 

51 

0, 39 6, 8 0,026 

2, 0 38 o. 041 

o. 16 1. 5 o. 0010 

0, 21 

0.075 

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

weight for use in the dose code by dividing 

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

fish from the Atoll. 

Integral doses calculated from the 

marine survey data are listed in Table 

235 for the whole body and bone for 5, 

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

and 
6° Co, while the bone dose comes 

90 137 from Sr, as well as from Cs and 
6° Co. 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. 

0 terrestrial food chain 

Evaluation of the potential dose to the 

returning population via the terrestrial 

food chain has been structured on the 

basis of the living patterns in Table 225. 

The quantity of radionuclides ingested via 

terrestrial foods was computed from the 

measured and predicted concentration of 

activities according to the expected daily 

diets listed in Table 227. Except for 

coconut and arrowroot, the daily intake 

of the food items listed in this table refers 

II-47 

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 23 6. This diet contains only foods 

that are available on islands of the group 

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

meat, birds, bird eggs, coconut crabs, 

and, in the case of the southern islands, 

coconut meat and coconut milk. 

The 30- and 70-yr integral doses were 

calculated assuming the 10-yr post-

return diet. In addition to the foods that 

are available at the time of return, the 

10-yr post-return diet includes pandanus 

fruit, breadfruit, arrowroot, coconut 

meat, and coconut milk for all islands. 

The initial rates of ingestion for each 

island group assuming the 10-yr post

return diet are listed in Table 237. These 

values are presented in two parts; the rates 

of ingestion for the foods immediately 

available are presented on the left side of 

Table 237 under January 1, 1974, while 

the rates of ingestion for the foods that 

are to become available 8 yr after return 

. 1· 



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

Integral dose, rem b 

5 yr 10 yr 30 yr 70 yr 

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

137 Cs 0.0061 0.0061 0.012 o. 012 0.030 0.030 o. 049 0. 049 

0.0078 0.0078 0.012 o. 012 o. 017 o. 017 o. 017 o. 017 

o. 13 o. 31 o. 77 1. 3 

Sum o. 014 o. 14 0.024 0,33 o. 047 o. 82 0.066 1. 4 

All 
nuclidesc O. 016 o. 14 o. 028 o. 34 0.053 o. 84 0, 089 1. 6 

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

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

cisotope s included in the "All n uclid es" calculation: 

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. 

L's ing 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 particularly relate 

to the situation during the initial few 

years following return. 

Il-48 

137 Cs 

133Ba 

144ce 

152Eu 

155Eu 

207 Bi 

235L' 

238Pu 

239Pu 

241 Am 

In computing the bone dose, the whole-
137 body dose from Cs and the other non-

bone seekers has been added to the bone 

dose from 90sr and 
239

• 
240

Pu. 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 

Table 241. 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. l, 1974). 

Ingestion rate, pCi/day 

Food item 3H 55Fe 60Co 90Sr 137 Cs 239, 240Pu 

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 o. 45 <O. 24 0.0074 

Total 1050 6.35 187 3100 o. 150 

B. Island group BELLF 

Pork and chicken 302 6960 

Total 302 6960 

c. Island group JANET 

Pork and chicken 108 2320 

Wild birds 1800 7.70 0.29 2.5 0.100 

Bird eggs 171 <O. 39 o. 97 0.6 0.074 

Total 1970 7.89 109 2320 o. 174 

D. Island group KATE-WILMA, LEROY 

Pork and chicken 47.4 858 

Wild birds 1800 7.70 0.29 2.50 o. 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 o. 1 i 3.44 <O. 129 

Coconut crabs 2. 91 4.23 2. 58 9. 31 0.023 

Total 4 7. 1 1850 13. 7 12. 7 135 0. 99 

Il-49 
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Table 237. Rate of ingestion of radionuclides from terrestrial foods assuming 10-yr post-return diet. 

Ingestion rate, pC'iL day 
--·--~--

.January 1, l'l74 Januar,):'. 1, l'l82 

Friod item 311 ~:1 Fe fiOCo 'lOSr 137 Cs 23!l, 240Pu 3H 55Fe 60Co !JO Sr 137 Cs 23!). 240Pu 

A. Island group ALl('E-IHENE 

Domestic meat 308 5170 

Pandanus fruit !J41 8840 

BrPadfruit 807 7570 

Wild birds I !17 l. 24 o. 242 <0.5 0.0286 

Bird Pggs 34. !) <O. 14 0.226 <O. l 0.0037 

i\ rrowroot 47 71 

Cocrmut m('at 23.7 664 <16. 3 135 2210 18. 1 

Coconut milk 35.6 <37 <B.5 20 331 < 1. 7 

Total 231 1. 31 :lOB 5170 0.0323 5fl. 3 683 12.4 1950 l!JOOO 1fl 

B . Island group BELLE 

D<>mestic meat !104 11600 

Pandanus fruit 1. 34 <t.46 1540 19800 <!J. 5 

Breadfruit 1. 15 <1. 25 1320 17000 <B. 1 

i\rrowro<>t 77 15'l 

Coconut meat 221 4!Hi0 

Coconut milk 33 74.3 

Total 504 11600 2.50 1. 35 3180 42700 8.8 

C •. Island group .JANET 

Dcimcstic 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 B5. fi /0. 1 !J 0.482 0,2'l 0.037 

Arrowroot 28 53 

Coconut meat < 1. 85 79 1650 

Coconut milk <2. 54 <2. 27 12 248 < 1. 31 

Total 445 1. 64 181 3870 0.057 14. 5 3.22 1140 14100 0.81 



Table 237 (Continued). 

Ingestion rate, pCiL da.r 

.Januar.r l, Hl74 Januar,r 1, 1!)82 

Food item 3H ~):-, 
F'e 

00
co <JO Sr 117 Cs 23'J, 240Pu 3H 55Fe 60Co 90

sr 137 Cs 23n, 240Pu 

D. Island gro11r K/\TE-WlLM/\ 'LEROY 

Domestic meat 79 14 30 

Pandanus fruit 3.94 <13.8 241 2480 0,316 

nreadfruit 3.38 < 11. 8 207 2120 0.271 

Wild birds 3GO 1. 54 0.058 0,50 0.020 

nird eggs 56 <O. 14 0.01 <O. 12 0,039 

Arrowroot 12 20 

Coconut meat l 9. 0 204 < l. 05 34. 7 6 l<J <B. 64 

Coconut milk 28.5 <6.44 <2. 27 5.2 93 <0.38 

Coconut crabs 0.480 l. 03 1. 96 7.5<J 0.003 

Total 0.480 416 2. 59 Bl 1440 0.062 47.5215 14.4 500 5330 5.0 --I 
tn E . Island group ALVIN-KEITH ...... 

Domestic meat 10. 3 84. 9 

Pandanus fruit l. 33 <0.65 9.44 85.4 o. 156 

Breadfruit 1. 14 <O. 56 8.09 73.2 o. 134 

Wild birds 340 1. 28 0.073 o. 51 o. 141 

Rird eggs 65 <O. 17 O.OO!l <O. 17 0.002 

Arrowroot Not available 0.47 o. 68 

Coconut meat 2!l. 3 <23 <2. g 3,35 68.7 <0.259 

Coconut milk 44.6 <33 <4.2 0.50 10.3 <O. 386 

Coconut crabs 2. 9 l 4.23 2. 58 9.3 0.023 

Total 76.8 433 9, 17 16. 8 174 0.488 2.48 0.60 18.0 15!) 0.2!l0 



Table 238, Integrated dose per unit rate of ingestion to whole body and bone. 
DT, rem/pCi/day 

Period of integration 

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

3H Whole body 4. 51(-8)a 1.05(-7) 1.85(-7) 3.05(-7) 3. 51(-7) 4.17(-7) 4.23(-7) 

55Fe Whole body 7,50(-8) 2. 35(-7) 3. 73(-7) 4. 29(-7) 4. 32(-7) 4. 32(-7) 4.32(-7) 

60Co Whole body 1.27(-5) 2. 96(-5) 4.65(-5) 6. 09(-5) 6. 33(-5) 6.46(-5) 6.46(-5) 

qo 
Sr none 2. 87(-3) 1. 08(-2) 2. 3!J(-2) 4. 99(-2) 6. 33(-2) 9. 70(-2) 1.02(-1) 

137 (' s Whole body 3.40(-5) 9.62(-5) 1. 89(-4) 3.74(-4) 4. 71(-4) 7.22(-4) 7.61(-4) 

23!J, 240Pu Bone 1. 51(-6) a. 3!1(-6) 3. 71(-5) 1. 7 5(-4) 3. 19(-4) 1. 27(-3) 1. 5!)(-3) 

..... aThe number within parentheses denotes the power of 10 . Thus, 4. 51(-8) is a contraction of 4. 51X10- 8 rem/pCi/day. -I en 
~ 



Table 239. Prediction of the dosage from ingestion of terrestrial foods assuming diet at the time of return. 

5-yr dosei rem 10-yr dose 1 rem 
Isotope Whole body Bone Whole body Bone 

A. Island group ALICE-IRENE 
3H 2. 7(-6) 

55Fe 2.5(-4)a 4. 4(-4) 

60Co 1. !1(-4) 4. 5(-4) 

90Sr 2.02 10. 1 

137 Cs 0.298 1. 25 

239, 240Pu 1.4(-6) 3. 4(-5) 

Subtotal 0,298 2.02 1. 25 10. 1 
.... Total 5-yr whole-body dose O. 30 rem Total 10-yr whole-body dose 1. 25 rem .... 
I 

C11 
w Total 5-yr bone dose 2. 32 rem Total 10-yr bone dose 11. 3 rem 

B. Island group BELLE 

55Fe 1.9(-7) 

60Co 1. 7(-5) 

90Sr 3.26 16.3 

137 Cs 0.669 2.81 

239, 240Pu 1.3(-5) 

Subtotal 0.67 3.26 2.81 16.3 

Total 5-yr whole-body dose O. 67 rem Total 10-yr whole-body dose 2. 81 rem 

Total 5-yr bone .dose 3. 93 rem Total 10-y'!' bone dose 19.2 rem 
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Table 239 (Continued). 

C. Island group .JANET 

.:~ 

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

55Fe 

60Co 

90Sr 

137 Cs 

239, 240Pu 

Subtotal 

4.6(-4) 

2. 3(-4) 

0.223 

0.224 

Total 5-yr whole-body dose 

Total 5-yr bone dose 

1. 18 

1.6(-6) 

1. 18 

O. 22 rem 

1. 40 rem 

7,4(-4) 

4. 1(-4) 

0.831 

0.932 

5.88 

7.6(-6) 

5.88 

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

Total 10-yr bone dose 6. 82 rem 

D. Island group KATE-WILMA + LEROY 

3tt 5. 0(-8) 

55Fe 

60Co 

90Sr 

137 Cs 

239, 240Pu 

Subtotal 

4. 5(-4) 

2.6(-4) 

o. 0&35 

0.0842 

Total 5-yr whole-body dose 

Total 5-yr bone dose 

o. 536 

1. 7(-6) 

0.536 

2.2(-6) 

7. 3(-4) 

6,0(-4) 

0. 350 

0.351 

2.62 

1. 4(-5) 

2.62 

O. 084 rem Total 10-yr whole-body dose 0. 351 rem 

O. 620 rem Total 10-yr bone dose 2. 97 rem 
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Table 239 (Continued) 

E. Island group ALVIN-KEITH 

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

3H 

55Fe 

60Co 

90Sr 

137 Cs 

239, 240Pu 

Subtotal 

4. 9(-6) 

4.4(-4) 

4. 1(-4) 

0.0130 

0.0138 

o. 137 

9. 3(-6) 

o. 137 

Total 5-yr whole-body dose O. 014 rem 

Total 5-yr bone dose O. 151 rem 

8.7(-6) 

6. 9(-4) 

6.5(-4) 

o. 0311 

0.0324 

0.0324 

0.355 

3. 7(-5) 

0.303 

Total 10-yr whole-body dose O. 032 rem 

Total 10-yr bone dose 0. 387 rem 

aThe 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 of terrestrial foods assuming 10-yr post-return diet. 

]S')tope 

Ingestion rate, 
pCi/ day 

January I, 1'174 

A. Island group 

/l.LTCE-IRENE 

3H 

55Fe 

r;oco 

!JO Sr 

137 Cs 

23fJ, 240Pu 

Subtotal 

231 

J. :n 

308 

5170 

0.0323 

Total 30-yr whole-body dose 

Total 30-yr bone dose 

B. Island group 

BELLE 

55Fe 

r;oco 

fJOSr 

137 Cs 

23!1, 240Pu 

Subtotal 

504 

11,600 

Total :rn-yr whole-body dose 

Total 30-yr bone dose 

Ingestion rate 
3_9_"'.'Y.UQ~~--~~n:_1 _1_!}5r dose_,~_TT1 pCi/day ' 22-yr dose, rem 62-yr dose, rem 

WholP body Bone Whole body I3one January l, 1984 Whole body Bone Whole body Bone 

59.3 1. 8(-5) 2. 5(-5) 

1. 0(-4)a 1. 0(-4) 683 0.0003 0.0003 

ll. 3(-5) 8. 5(-5) 12.4 0.0008 0.0008 

1 !l. 5 31. 5 1950 97.3 ]!)0 

2.44 3.93 19,000 7. 11 13.7 

1. 0(-5) 5. 1(-5) 19 0.003 0.024 

2.44 19. 5 3.93 31. 5 7. 11 97. 3 13.7 l!lO 

!l. 55 rem Total 70-yr whole-body dose 17. 7 rem 

12fi rem Total 70-yr bone dose 239 rem 

2.50 1. 1(-6) 1. 1(-6) 

1. 35 8. 2(-5) 8. 7(-fi) 

31. 9 51. 4 3180 159 30!1 

"· 46 8.83 42, 700 16.0 30.8 

B.8 1.5(-3) 1. 1(-2) 

5. 4fj 31. g B.83 51. 4 16.0 159 30.8 30~1 

21.4 rem Total 70-yr whole-body dose 39. 6 rem 

212 rem Total 70-yr bone dose 400 rem 



Table 240 (Continued). 

Ingestion rate, 
30-yr dose, rem _lQ_"J'J' dos_e, reTl!. 

Ingestion rate, 
-1_2..:.YLpOS~_.~ 62-yr dose. rem 

pCi/day pCi/day 
Isotop_g_ January I, l!J74 Whole body ____ Bone \\fhole body Bone .J~nt!~_!"Y_l, _1984 Whole body Bone Whole body Bone 

c. Island group 

.JANET 

55Fe 445 1.9(-4) 1. 9(-4) 14. 5 6. 2(-6) 6. 2(-6) 

fiOCo 1. fi4 1. 0(-4) 1. 1(-4) 3.22 2, 0(-4) 2. 1(-4) 

'lOSr 181 11. 4 18. 4 1140 56.9 111 

137 Cs 3870 1. 82 2, !15 14,100 5.28 10.2 

21'1, 240Pu 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 I 

01 
-.:i KATE-WILMA+ LEROY 

3H o. 480 2(-7) 2. 0(-7) 47,5 1. 5(-5) 2. 0(-5) 

55Fe 416 1.8(-4) 1. 8(-4) 215 9. 2(-5) 9. 3(-5) 

60Co 2. 5!1 1. 6(-4) 1. 7(-4) 14.4 8. 8(-4) 9. 3(-4) 

no Sr 8 I. 0 5. 13 8.26 500 24. 9 48. 5 

137 Cs 1440 0.677 1. Of! 5330 1. 99 3.85 

23!l, 240T>u 0.062 2. 0(-5) !1. 8(-5) 4,96 8. 7(-4) 6. :J-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, Jngestion rate, 
pCi/day 30-yr dose, rem 70-yr dose, rem pCi/day 22-yr dose, rem 62-yr dose, rem 

Isotope January I, l ~174 Whole body Ihne Whole body Bone January 1, 1984 Whole body Bone Whole body Bone 

E. Island group 

ALVIN-KEITH 

3JI 76.8 

55Fe 433 

fiOCo fl. 17 

~JO Sr 16. 8 

137 Cs 174 

23'l, 240Pu 0.4fl 

Subtotal 

Total 30-yr whole-body dose 

Total 30-yr bone dose 

1. 3(-5) 

l. 'l(-4) 

5. 8(-4) 

0.08UJ 

0,0826 

O. 142 rem 

2.11 rem 

l. 07 

1. 6(-4) 

1. 07 

3. 3(-5) 

1. 9(-4) 

5. 9(-4) 

o. 132 

o. 133 

2. 48 1. 1(-6) 

0.60 3. 7(-5) 

1. 72 18.0 

159 0,0596 

7. 8(-4) 0.290 

1. 72 0.0596 

Total 70-yr whole-body dose 

Total 70-yr bone dose 

a The number within parentheses denotes the power of 10; thus, 1. 0(-4) is a contraction of 1. 0 X 10-4 • 

1. 1(-6) 

3. 9(-5) 

0.898 1. 75 

o. 115 

1. 8(-4) 1. :X-3) 

0.898 o. 115 1. 75 

O. 248 rem 

3. 71 rem 
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Table 241. The 30-yr integral dose for the six living patterns assuming unmodified conditions. 

30-yr integral dose, rem 

Unmodified conditions 

Inhalation External Terrestrialb Marine b Total 

Living 
pattern 

II 

III 

IV 

v 
VI 

--

Bone Lung 

7(-4) 9(-4) 

0,02!) 0.03fl 

0. 10 o. 13 

0.47 0.59 

o. 11 0. 13 

0.090 o. 11 

Living pattern 

II 

III 

IV 

v 
VI 

Bone, a 

Liver W.R. 

4(-4) 0.83 

0.016 1. 6 

0. 056 4.0 

0,25 10 

0,058 2.9 

o. 049 4.4 

Village island 

Enewetak- Parry 

Enewetak-Parry 

JANET 

BELLE 

JANET 

JANET 

W.R. Bone W.R. Bone W.B. 

0. 14 2. 1 0,053 0.84 1. 0 

2.7 33 o. 053 0.84 4.4 

7. 1 75 0.053 o. 84 11 

21 210 0.053 0.84 31 

2.7 33 0,053 0.84 5.7 

9.6 130 0.053 0.84 14 

Agriculture Visitation 

ALVIN-KEITH Southern Is. 

KATE-WILMA+ LEROY Northern Is. 

JANET Northern Is. 

BELLE Northern Is. 

KATE-WILMA+ LEROY Northern Is. 

ALICE-IRENE Northern Is. 

aTaken from the chapter on external dose estimates, Table 22. 
bnased upon diet 10 yr after return, as described in the dietary and living patterns chapter. 

Bone 

3.8 

35 

80 

220 

37 

135 



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 ~d 

agriculture are located on islands in the 

southern half of the Atoll (living pattern 

I). Doses for these same patterns have 

been calculated for 5, 10, and 70 yr and 

are shown in Table 244. 

The most significant contribution via 

the terrestrial food chain is the dose to 

bone resulting from 90sr uptake via 

':'As indicated earlier, these dose cal
culations assume that the Enewetak peo
ple will continue their current practice of 
using catchment rain water for drinking 
and that the underground lens water sup
ply will not be a part of their diet. An 
indication of doses that are to be expected 
from lens water may be obtained from 
four water samples taken on JANET in 
July 1971. These samples, two each 
from each of two 2.5-m-deep holes about 
100 m from the lagoon shore, gave aver
age concentrations of 130 pCi /liter for 
9 Sr, and 400 pCi/liter for 137cs. 239pu 
concentrations were scattered (<0.03, 21, 
<0.03, and 17 pCi/liter) but, for our cur
rent purpose, we will assume an average 
value of 20 pCi/liter, 

Using these concentrations, and 
assuming an average daily intake of 
100 ml of lens water, the resulti1m 30-yr 
doses would be 0,83 rem due to 9 Sr, 
0,019 rem due to 137cs, and 0,00082 rem 
due to 239pu, 

Il-60 

pandanus fruit and breadfruit, For living 

pattern III, for example, the total 

terrestrial bone dose is 75 rem, of which 

74% is derived from the intake of bread

fruit and pandanus, It is important to note, 

however, that the large contribution to 

the bone dose via these fruits occurs only 

when they are grown on northern islands. 

Pandanus and breadfruit grown on the less 

contaminated southern islands lead to 

much lower dose commitments. 

Table 24 5 shows the 30-yr integral 

dose for the six living patterns for the 

modified soil condition, i. e,, where the 

village area has 5 cm of gravel and the 

village island is plowed. Table 24 6 

shows the 5-, 10-, 30-, and 70-yr dose 

estimates for the same conditions. 

Table 247 shows the additional effect 

on the 30-yr integral dose of limiting 

growth of pandanu s, breadfruit, coconut, 

and tacca to the southern islands, while 

Table 248 shows the effect of limiting all 

terrestrial foods to the southern islands. 

The effect of the combination of these pre

ventive measures reduces the dose for 

living pattern III from 11 rem to 1. 9 rem 

for whole body and from 80 to 4. 7 rem 

for bone. 

A comparison of the 30-yr integral dose 

for living patterns I and III relative to the 

average United States external background 

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 Enew etak Atoll. Pure plu -

tonium 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 plu

tonium metal, as well as smaller pieces 

which are physically indistinguishable in 

size from the surrounding coral matrix. 

Given these current conditions, it must be 

assumed that pure plutonium particles of 

respirable size are now also present on the 

surface or may be present in the future as 

weathering effects oxidize and break down 

the larger particles. Lung dose assess

ments for this area, therefore, must be 

based on inhalation of pure plutonium 

particles rather than those having the av

erage plutonium content of the soil. 

The potential health hazard via the 

inhalation pathway is sufficiently great 

to dictate two basic alternatives for 

remedial action for this island: (1) Make 

the entire island an exclusion area - off 

limits to all people, or (2) conduct a 

cleanup campaign which will eliminate 

the "hot-spot" plutonium problem and 

remove whatever amount of soil is 

necessary to reduce the soil plutonium 

concentration to a level comparable to 

other northern islands. As an indication 

of the volumes of soil involved, removal 

of a 10-cm-thick layer of topsoil in the 

area in which "hot spots11 have been 

detected involves approximately 17 ,000 

m 3 of material. Further removal of soil 

to reduce the maximum plutonium con

tamination levels to 50 pCi/g or less 

involves an additional 25,000 m 3 of 

material. 

Table 242. Relative contributions of terrestrial foods to the integral dose assuming 
diet at time of return. 

Food item 

A. Island group ALICE-IRENE 

Domestic meat 

Pandanus fruit 

Breadfruit 

Wild birds 

Bird eggs 

Arrowroot 

Coconut meat 

Coconut milk 

B. Island group BELLE 

Domestic meat 

Pandanus fruit 

Breadfruit 

Arrowroot 

Coconut meat 

Coconut milk 

Percentage of total 5 -yr 
90 137 . 

Sr dose Cs dose 
to bone whole body 

98. 9 

0. 65 

0. 24 

100 

Il-61 

100 

<O. 08 

<O. 008 

100 

Percentage of total 10-yr 
90 137 Sr dose Cs dose 
to bone whole body 

43. 9 46. 9 

26. 8 24. 7 

23. 1 21. 1 

0. 29 0. 04 

0. 11 0. 004 

1. 3 0. 20 

3. 9 6. 2 

0. 57 0. 93 

44. 2 47. 1 

27. 0 24.6 

23. 2 21. 1 

1. 4 0. 20 

3. 9 6. 2 

0. 58 0. 92 



Table 242 (continued) 

Percentage of total 5 -yr Percentage of total 10-vr 
Food item 90 Sr dose 

137 
Cs dose 90 

Sr dose 
137 

Cs dose 
to bone whole body to bone whole body 

c. Island group JANET 

Domestic meat 99. 1 100 43. 9 47. 0 

Pandanus fruit ·26. 9 24. 8 
~ 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 ~5.4 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 <O. 03 0. 02 0. 01 

Arrowroot 1. 3 0. 20 

Coconut meat 3. 8 6. 2 
Coconut milk 0. 57 0. 93 
Coconut crabs 3. 9 0. 87 2. 4 0.41 

E. Island group AL VIN -KEITH 

Domestic meat 48.7 37. 7 41. 7 30. ~l 

Pandanus fruit 7. 6 9. 6 
Breadfruit 6. 5 8. 2 
Wild birds 2. 9 1. 9 ~5 1. 5 
Bird eggs 0. 2 <O. 26 0. 13 0. 21 

J.2j··. 
Arrowroot 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. {) 

II-62 



Table 243. Relative contributions of terrestrial foods to the integral dose assuming 10-yr post-return diet. 

Percentage of total 30-yr dose Percentage of total 70-;rr dose 
no 137 90 137 Cs dose to Sr dose to Cs dose to Sr dose to 

bone Whole body bone whole bod;r 

Commencement date Commencement date Commencement date Commencement date 
Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 

A. Island group 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 29.6 35.5 31. 0 

Wild birds 0.01 <0.002 0.01 <0.002 

Bird eggs 0.01 <0.0005 0.01 <O. 004 

Arrowroot 2.0 0.28 2. 1 0.29 

Coconut meat 5.8 8.7 5. 9 9. 1 
..... ..... 

Coconut milk 0.85 1. 3 0.88 1. 4 I 
O') --- --- --- --- ---t.) 

Subtotal 17 83 26 74 14 86 22 78 

B. Island group BELLE 

Domestic meat 16.7 25.4 14.3 22.3 

Pandanus fruit 40.2 34. 5 41. 5 36. 1 

Breadfruit 34. 5 29.6 35.6 31. 0 

Arrowroot 2.0 0.27 2. 1 0.29 

Coconut meat 5. 8 8.7 6.0 9.0 

Coconut milk 0.86 1. 3 0.89 1. 4 --- --- --- --- ---
Subtotal 17 83 25 75 14 86 22 78 
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Table 24~ (Continued). 

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

!JOS d r ose to 137 
Cs dose to 

90 
Sr dose to 

137 Cs dose to 
bone whole bod;y: bone whole body 

Commencement date Commencement date Commencement date Commencement date 

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 

c. Island group .JANET 

Domestic meat 16 . .7 25.7 14.2 22.6 

Pandanus fruit 39.6 34.8 41. 2 36.6 

Breadfruit 34.4 29.3 35. 3 30.7 

Wild birds 0.005 0.003 0.005 0.003 

Bird eggs 0.05 0.002 0.04 0.002 

.... Arrowroot 2.0 0.28 2. 1 0,29 .... 
I 

Coconut meat 5. 8 8.7 5.9 9. 1 O'l 
~ 

Coconut milk 0.88 1. 3 0,90 1. 4 -- -- -- -- -- --
Subtotal 17 83 26 74 14 86 23 77 

D. Island group KATE-WTJ,MA t LEROY 

Domestic meat 1 G. G 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 8.7 5. !) 9.0 

Coconut milk 0.86 1. 3 0.89 1. 4 

Coconut crabs 0.41 o. 13 0.35 o. 12 -- -- -- -- -- -
Subtotal 17 83 25 75 15 85 22 78 



Tahlc> 243 (Continued). 

Percentage of total 30-lr dose Percentage of total 70-;z:r dose 

!lOs d 137 c d t 90 137 r ose to s ose o Sr dose to Cs dose to 
bone whole body bone whole body 

Commencement date Commencement date Commencement date Commencement date 

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 

E. Island group ALVIN-KEITH 

Domestic meat 3:3. .'3 28.3 30.3 26.2 

Pandanus fruit 24. 1 22.5 26.5 25.0 

Breadfruit 20.6 19.4 22.7 21. 4 

Wild birds 0.24 o. 17 0,22 o. 16 

Bird eggs 0.03 0.06 0.03 0.05 

..... Arrowroot 1. 2 o. 18 1. 3 0.20 ...... 
I 

i:n Coconut meat 10. 8 22.9 9.9 21. 2 01 

Coconut milk 1. 6 3.4 1. 5 3.2 

Coconut crabs 8.3 3. 1 7.6 2. g --- --- --- ---
Subtotal 54 46 58 42 50 50 54 46 
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Table 244. The 5-, 10-, 30-, and 70-yr doses for the six living patterns assuming 
unmodified conditions. 

Total integral dose, rem 
Unmodified conditions 

Living 5 yr 10 yr 30 yr 70 yr 

pattern w. 'l't Eone w. 13. l3one W. B. Bone W.B. Bone 

I 0. 17 0. 58 0. 35 1. 4 1. 0 3. 8 2. 3 8. 5 

II 0. 48 1. :3 1. I 4. :3 4. 4 35 8. 0 68 

III I. 2 2.6 2. 7 fl. 2 11 80 20 150 

IV 3.4 6.9 7. 6 25 31 220 56 420 

v 0. 81 1. 6 1. 7 4. g 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. 

T,iving 
pattC'rn 

lJ 

J1J 

I\' 

v 
\'I 

Rone 

3(-4) 

0.012 

o. 045 

o. 0~12 
0,045 

O.OG8 

Inhalation 

Lung Liver 

4(-4) 2(-4) 

0.015 6. 6(-3) 

o. 056 0.024 

o. 11 0,050 

0.056 o. 024 

0.072 0.031 

30-yr integral dose, :ra_em 
Modified conditions 

External Terrestrial 

Bone, W.B. W.B. Bone 

0.83 0. 14 2. 1 

1. 1 2.7 33 

1. 7 7. 1 75 

3. 3 21 210 

1. 6 2.7 33 

3, 1 fl.6 130 

a l\lorli fi ('ri lJ,Y gravf'I ing the village ;:ire a and by plowing the village island • 

Marint Total 

W.B. Bone W.B. 

0.053 0.84 1. 0 

o. 053 0. 84 3.fl 

0,053 0.84 8. !) 

o. 053 0.84 24 

o. 053 o. 84 4.4 

0,053 0.84 13 

Bone 

3.8 

35 

78 

215 

35 

135 
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Table 24 7 . 

Living 
pattern 

rr 
rrr 
rv 
\T 

n 

Table 24 G. The 5-, I 0-, :rn-, and 70-yr doses for the six living patterns assuming 

modified conditions. 

Tntal intf'gral dose, rem 
Modi ficd conditionsa 

5 yr 
, 

10 yr 30 yr 70 yr Living 
pattcr11 w.n. Bone W. B. Bone W.B. Berne W. B. Bo11c 

I 0. 17 0. 58 0. 3!i 1. 4 1. 0 :3. 8 2. 3 B. 5 

II 0.48 I. :3 1. I 4. 3 3. 9 35 8.0 G8 

III 0. GO 2. I I. 7 8. 2 8. !) 78 lG 150 

IV I. 5 !i. 0 4. ;3 22 24 215 4G 410 

v 0. 4G 1. 3 1. 0 4. 3 4.4 35 8.0 G8 

VI I. I :J. 4 2.7 13 13 135 23 250 

aModified by gravelling the village area and plowing the village island • 

The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the 
southern islands. 

30-yr integral dose, rem 

Modified conditions 
a 

and pandanus, breadfruit, coconut, and tacca grown on southern islands 

Inhalation External Terrestrial c Marine Total 

Bone, 

Bone Lung Liver W.B. W.B. Bone W.B. Bone W.B. Bone 

3(-4) 4(-4) 2(-4) 0.83 o. 14 2. 1 0.053 0. 84 1. 0 3. 8 

0.012 0.015 0.0066 1. 1 0.77 7. 1 0.053 o. 84 1. !) D. 1 

o. 045 0. 0 5fl 0.024 1. 7 1. 8 15 0.053 o. 84 3.7 1B 

o.on o. 11 0.050 3. 3 5. 7 38 o. 053 o. 84 !J. 1 43 

0. 04 !i 0. O:iG 0.024 1. G o.77 7. 1 0.053 o. 84 2.4 D.G 

0. OS8 0.072 0.031 3. 1 2. 5 23 0.053 0. 84 5. 7 27 

al\loditicd by graveling the village area ci.ncJ 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. 

3J>-yr integral dose, rem 
Modified conditions and agriculture on southern islands 

Inhalation External Terrestrial Marine Total 

Living Bone, 

pattern none Lung Liver W.B. W.B. Bone W.B. Bone W.B. Bone 

3(-4) 4(-4) 2(-4) 0.83 0. 14 2. 1 0.053 0.84 1. 0 3. 8 

II 0.012 0.015 0.0066 1. 1 o. 14 2. 1 0.053 0.84 1. 3 4. 1 

JIT o. 045 o. 05() 0.024 1. 7 0. 14 2. 1 0.053 0.84 1. !1 4.7 

TV O.OD2 o. 11 0.050 3. 3 0. 14 2. 1 0.053 0. 84 3.5 G. 3 

v o. 045 o. 056 0.024 1. 6 0. 14 2. 1 0.053 0.84 1. 8 4.G 

VT 0.058 0,072 0.031 3. 1 0. 14 2. 1 0.053 o. 84 3.3 6. 1 

3 Modified by graveling the village area and by plowing the village island • 

Table 24 U. The 30-yr integral dose from all pathways compared to U. S. external 
background d~o'-!_s~e_._. __________________ ___,..----------

30-yr integral dose, rem 

Unmodified case Modified case 

T ,,H'alion Whole body Bone Whole body Done 

Encwct.ak A 1.()11 
J,iving pattern I 

Enewetak Atoll 

1. 0 3.8 1. 0 3.8 

J ,iving patkrn 111 11 80 8.!J 78 

Encwctak Atoll 
Living pattPrn Ill, agriculture 
confined to southern islands 

h 
If. S. hackgr()und only 

4.2 

3.0 

7.0 1. g 

3.0 3.0 

aSum of all pathways for th<' Enewdak 1 iving patterns (i.e., external, inhalation, 

1 
marinP, and terrestrial). 

JILisPd upon ba\'kground of 100 mrcm/yr at sea level. 

4.7 

3.0 

.,. 
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Table 250. The plutonium :rn-yr integral dose to bone, liver, and lung via the three exposure pathways. This table 
assumes unmodified conditions on the village island. 

Living 
pattern 

TI 

II I 

IV 

v 
VI 

none 

0. 018 

0. 018 

0. OU! 

o. 018 

o. om 
0. 018 

Marine 

Liver Lung 

0.047 -
0.047 -
0.047 -
0.047 -
0.047 -
0.047 -

Plutonium 30-yr integral dose, rem 
Unmodified conditions 

Terrestrial Inhalation 

none Liver Lung Bone Liver 

5.0(-5) 1. 8(-4) - 7(-4) 4(-4) 

1.5(-3) 5. 0(-3) - 0.02fl 0.016 

fi. D( - 3) 5. 3(-:3) - O. lC 0. 056 

3. 0(-3) 0.010 - 0.47 0.25 

5. 0(-5) 1. 8(-4) - o. 11 0.058 

3.0(-3) 0.010 - O.ODO 0. 049 

Total 

Lung Bone Liver Lung 

fJ(-4) 0. 018 o. 048 D(-4) 

0. 036 0. 04 fl 0.068 0.036 

0. 13 o. 12 0. 11 0. 13 

0.59 0. 48 0.31 0. !)~) 

o. 13 o. 13 o. 11 o. 13 

o. 11 o. 11 0. 11 0. 11 

Table 251. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table 
assumes modified conditions. 

Plutonium 30-yr integral dose, rem 
Modified conditions 

M arinc Terrestrial Inhalation Total 

Li dng 
pattern Bon<' Li vcr Lung Bone Liver Lung Bone Liver Lung Bone Liver Lung 

I 0. 018 0. 047 - 5.0(-5) 1. 8(-4) - 3(-4) 2(-4) 4(-4) 0. 018 o. 047 4(-4) 

II 0. 018 0. 047 - 1. 5(-3) 5. 0(-:3) - 0. 012 0. 0066 0. 015 0. 032 0. 057 0. 015 

Ill 0. 0 I !l 0. 047 - 6. D(-:1) 5. :H-:n - o. 045 0. 024 0. 05G 0. 070 0. 07G 0. 056 

IV o. 018 0. 047 - :L 0(-3) 0. 010 - 0. 092 0. 050 o. 11 0. 11 0. 11 0. 11 

\' 0. 018 o. on - 5. 0(-5) 1. 8(-4) - 0. 045 0. 0 24 o. 056 0. 063 o. 071 0. 05G 

\'I 0. 018 0. 047 - 3.0(-3) 0. 010 - o. 058 0. 031 0. 072 0. 079 0. 088 o. 072 

.. 



APPfilIDIX III 

REVIEW OF RADIATIO!~ PROTECTIO!i STANDARDS 

The Task Group has considered a nunber of concepts in devising an approach 

to guid<:.nce for cleanup and rehabilitation of Enewetak Atoll, accepting 

some and rejecting others. The concept that AEC recommendations should 

consists of a series of alternatives or fall back positions with the 

degree or level of radiation exposure reduction ultinately detennined by 

some later deliberation based on factors such as availability of funds or 

reactlC.« 'oj ·oth~L:> ,.,as Lcjecteci. Tne conseusU:> oi i:11e :LasK. Group opin1 on 

was th&t these recommendations should be specific an<l unequivocal, and 

should establish a clear ~osition on what is needed. To do less 

would be unfair to the federal agencies who have accepted responsibilities 

to perfona the rehabilitations nnd to the Enewetak people ~flo are lookin~ 

to this agency for advise. 

The judgr.1ent of the Task Group is that rehabilitation ::iust confor::i t."ith 

current radiation standards and with good health physics practice in 

implementing these standards. A sunr.iary of current radiation protection 

standards and r.aterial related to health risks that may be associated vith 

standards revie\..·ed and radiation criteria reconnended by the Tasl~ Group 

... "" .. 01 ..;. .. J'). ..l..-. 



A. Federal Radiation Council (I"!tC) 

Basic FRC nunerical guidance and health protection philosophy are 

similar to those of t~e ICP.P and :fC?J'. Radiation Protection Guides 

(PJ'G' s) are provided which deal with exposures of individuals and of 

population groups. Actions are to be directed primarily touard control 

of the sources of radioactivity to restrict entry into the environ.m.:!nt 

but also to~•ard control of radioactive naterials after entry into the 

environment in order to limit inta1~e by llUr:ans. TI1e :u>G' s e::-q>ress the 

dose that should not be e~ceeded without careful consideration of the 

reasons for doing so. Every effort should be nade to encourage the 

maintenance of radiation doses as far belcr.1 tl1is gui1\c as practicable. 

The !'J>G's are intended for use with nornal IlCacetine O?:;?rations. :'iicr~ 

benefits frc;:i suc:1 exposure. Considering such benefit!?., e:9os•.!rc at 

the level of the R:>G is considered as an acccpta;;lc ri3!~ for ::! lifcti.::c. 

TI1c i'J>G's for t!1e ~opulation arc e:9rcssed i;i ter:u of 3!1:-iual e:9osurc, 

e:~cept for t;1c gonads, ,,:1cre the IC:l:' reco;:incn 1Jcd value of 5 re':"!s in 3'.J 

years is used. I:':lC states that the operational necl1anis:.1 described for 

application of cr:!.tcri::i to li::tlt the uhole :,ody dose for individuals to 

0.5 ren per year :me! to li:J.it e:~?osure of a suitable s.:ir:i~Jle of the 

population to :J.17 re:n per year is likely to assure tiiat t:rn gon::idal 

e:9osure guide '1i.ll not be exceeded. 

The child, infant, and unborn infnnt are identified .:is bcin:; nore scns:i.th·e 

to radiation than the adult. E:{posures to be compared wit~1 t;1e guidance 

are to 'l>e derived for the raost 5ensitive r.icnbers in ti1e population. Tiie 

guide for the in di vi dual applies w!1en in di •1idu:ll c:<:!_)OSt~res are kn:"wn; 

~ 1 ··1 -02 _i..___ ,, 



A. Federal Radiatior. Council (:::lC) 

Basic FRC nuf!'lerical suidance and health protection philosophy are 

similar to those ~f the ICP.P and ~IC?J'. Radiation Protection Guidea 

(PJ>G' s) are provide<l which deal with e:~posures of indb.'iduals and of 

population groups. Actions are to be directed primarily tm:ard control 

of the sources of radio.:ictivity to restrict entry into the environment 

but also toward control of radioactive T:laterials after entry into the 

environment in order to lir.it intal~e by huT""..ans. TI1e ?..PC's. e:.i>ress th<? 

dose that should not be exceeded without careful consideration of the 

reasons for doing so. Every effort should be nade to encourage the 

maintenance of radiation doses as far belo;i this gui1lc as i>racticable. 

The !',I1 G' s are intended for use with non:::il peaceti,c operations. ':'i1~r::. 

bt?ncfi ts fro'."l suc:1 exposure. Ccn::;idcrin6 sue'.! benefit~, e:·:p')sur...? <lt 

the level of the ~G is consi.Jere<l as an acccpta~lc ris:: for a lifcti.~Jc. 

The i'J>G's for t!1~ ~Oi1ulation arc (?:<pressed i:-i term of a:i.au:il e:Qosure, 

e:-ccept for t:!1c ~o.-.ads, u::crc the IC~ rccoa":lcndcd v.:iluc of 5 rc:"".s in 3'.) 

years is used. F::'..C 3tates th.:it the operationa.l nccha:iisn <lcscrib.:=d fer 

applicatic::i of criteria to li;-llt t:1e u!1ole :,ody dose for indi•licluals ::o 

O.S rc;1 per yc.:.r and to li:llt e:=?osure of a suitabl~ s.:in~Jlc of t:1~ 

porulation to 0.17 re:n per year is likely to assure foat the go:-iad.al 

expo!lnrc guide will not be exceeJed. 

The child, infant, ~r;d u:"l'Jorn inf ant arc identified as being r.iore sc!lcitive 

to radiation than the adult. L.;..."JlO!rnre.:; to be corapared with t:1e guician::e: 

arc tc be derived fo'!: th~ most sensit:ivc '!:lenbers in the population. Th2 

g~ide for the in<lividua1 applic~ when ind:!.,•idual c:~j,>Onurcs arc know:1; 
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othet'\:ise, the guide for a suitable sar.iple (one-t~lird the guide for the 

individual) is to be used. This operational technique may be modified 

to meet special situations. 

The FRC pri:Jary nu~erical guides, eh-pressed in rem, are provided in ~~o 

reports, FRC ::cs. 1 and 2, sutir.larized in Table I. Secondary nui'lerical 

guides developed by PRC are e;.:prcsscd in terns of daily inta1;c of specific 

radionuclides corresponding to the ammal ~G's. Consideration. is given 

to all radionuclides through all patimays to derive a total annual e:·:posure 

for co!'lparison •11th ·nc guides. !ICJ\.rever, for many :>ractical situ:ltions a 

relatively few radionuclides yield the najor contribution to total 

exposure; by comparison, e}."POsures fro;'.1. others are vr!ry snall. 

TABLE I 
, I 

FRC RADIATION PRO'l'.r .. X:1'lOf·-.: GU11JLS...:...· 

vrnole body 

Gonads 

Thyroid !:_/ 

Bone 1narrow 

Bone 

Bone (alternate ll 
g-..iide) 

Individual 

O. 5 rem/yr 

1. 5 rems/yr 

O. 5 rem/yr 

1. 5 rems/yr 

O. 003 µ.g of 
226 Ra in adult 
skeleton 

Population G!"o~--

0. 17 remiyr 

5 rems/30 yrs 

O. 5 rem/yr 

0.17 rem/yr 

0. 5 rem/yr 

226 
O. 001 )'g cf Ra 
in adult skeleton 

1 I For conditions and qualifications see FRC Report Nos. 1 and 2. 
Z/ Based upon a childs thyroid, 2 gms in weight and other factors 

listed in paragraphs 2. 10-2. 14 of FRC Report No. 2. 

3/ Or the biological equi-•alents of these amounts of 
226

Ra. 
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B. The Internatio~al Comnission on Radiolo1ical Protection (IC~J') 

The ICrJ> ori~inated 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 ener3Y. ICRP recomnendations deal 

with the basic principles of radiation protection. To the various 

national protection bodies is left the responsibility for introducing the 

detailed technical regulations, recornncndations, er codes of practice 

best suited to their count:-ies. Recor:inendations are intended to guide 

the experts responsible for radiation prot~ction practice. 

ICRP states that the objectives of radiation protection are to prevent 

acute radiation effects and to linit the l-"isI:s of late effects to an 

and it is assur.icd that even the snallest: dos~s i::wolvo a pro;-ior!:io•:ately 

small risk. :fo i'ractic:il alternatiYc was found to assuning a lin~:ir 

relationship between dose and effect. This inplies that there is.no 

vholly "safe" dose of radiation. 

Exposure to natural backr;round radiation carries a probability of causing 

some so:natic or heraditary i~jury. lim'1C"lrer, the Cor.inission believes th:i~ 

the risk resulting fro!"l exposures received fron natural back~round shollld 

not affect the justi:ication of an aclditional risk from nan-n~dc l?xposurcs. 

Accordin3ly, any dose liµitations rccc'M!'.lended by the! CoI:l!'lission ref1~r cn!y 

to e:cposure resulting fro:'.'l teclmicnl practices that add to natura.l back

ground radiatio~. These <lose linitatio~n exclude exposures received in th~ 

course of r.ieclical proced\!res. (These sane qualificatiC1ns with re;;a-rd to 

tJ.-Q .. ~ 



natural background and medical procedt;rcs arE! applied to ~lC:'2 md FRC 

reco0r.1endations. 

IC!U? developed the concept of "acceptable risk." Unless nan wishes to 

dispense with acth·ities involving c::j>osurcs to ionizing radiation, he 

must reco~ize that there is a degree of risk and must linit t~1e radiation 

dcse to a level at uhich the assur:iell risl~ is deene<l to be acceptable to 

the individual and to society in vieu.of the benefits derived =ron such 

activities. 

For planneJ or controlled exposures of individuals :md popi;lation5, the 

IC!lP has reconnended the term "dose linit." Recornn•~nde<l dose limits arc 

thou:;ht to be associated vith 3 very lo·.; de~ree of r5..s1~. 
.,... . . 
.. :or un?.!.a:mca 

c;..-posurc.s fron unco:it:rolled sources t:~e ter'.".'. "actio~1 lc-,•el" is 

recorr:tendcJ. In general it wili be appropriate to institute count.:!rt:iz.:isures 

only. uhen their social cost nnd risk uill be less than those resulting 

fro:ra the exposure. Setting of action levels is the responsibility of 

national authorities. 

It is not cfosirable to e::-:posure rnenbers of the public to Jose:> as hi3:1 ~s 

those considered to be acceptable for radiation worl~ers bec::iuse c!lildr-.!'1 

are involved, r.ie:::.bers of the pub:ic Jo not make the choice to be c:-.?osc<l, 

and ne:-iliers of the public are not subject to selection, supervision anJ 

monitorinr;, and are exposed to t:1e risks cf their oua occuj:>ations. For 

plan~.ing purposes, Jose linits for rn~mbers of the public are set a factor 

of ten below those for ru.di::tion wor!-.ers. 

1.11.-0S 
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The ICRP dose lit:d.ts for individual· mer.ibers of the public are presented 

in Table II. ~fo maxi.r:iur.J "soraatically significant" dose for a population 

is given. The gen~tic dose to the population should be kept to the minir.iurn 

araount consistent with necessity and should not exceed 5 rems in 30 years 

from all sources other than natural bac!~ground and medical procedures. 

!lo sin3le type of population e:...7osure should take up a disproportionate 

share of the total of the reconraende<l dose limit. 

TABLE II 

ICRP DOSE LIMITS !/ 

Individuals Population 

Gonads, red 
bone-marrow 

Skin, bone, 
thyroid 

Hands and forearms; 
feet and ankles 

Other single organs 

G .. d 3/ enetic ose -

0. 5 rem/yr 

2/ 
3. 0 rems /yr-

7. 5 rems/yr 

1. 5 rems/yr 

1 I 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. 

5 rems /30 yrs 



C. ~lational Council on Radiation !'rotec:'ioa and '!en.sur.enents* Crczy) 

The 17C!U' position is that the rational use of radiation should conforil 

to levels of s:if ety to users and the public which are at least as 

stringent as those achieved for other powerful agents. Co.ntinuing and 

chronic exposure attributable to peaceful uses of ionizing radiation 

arc assumed. 

The :lCRr has adopted the assur.iption of no-threshold dose-effects 

relationship and uses the tern "dose limits" in providing guidance oa 

population exposures. All radiation exposures are to be kept as low as 

practicable. The numerical values of exposure as presented are to be 

interpreted as recommendations, not re~ulations. Use of the no-threshold 

concept involves the thesis that th·~rc is no ex-r>osurc limit free fro:::1 

sone degree of risk. 

To establish criteria, :tc::u> uses the concept of "acceptable risk" (where 

the risk is cowpensatecl by a Jenonstrable benefit) brol~en dO'im to fit 

classes of inJividuals or population groups e:q,osed for various purposes 

to different quantitie5 of radiation. :!UJ.1erical recor:inendations for J~se 

limits arl? necessarily arbitr.:ir; becau3~ of the:i.r r.ri.xcd technical value

judgnent foundation. The dose lini ts foe individual me:!lbcrs of t~1c publi:: 

and for the aver.:i~e popuL1tion reconnendcd by :IC~Jl represent a level of 

risk conside:-cd to be so S!:lall COi:ij1are<l ~ri.tl-1 other hazarc!s of life, c:.nd 

*Fomerly known as the :fatio::ial Co:::rrlttee on Radiation Protection and :Ieasu:-c:-::c:-it.s. 
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so well offset by perceptible benefits uhen usec! as intended, that public 

approbation will be achieved when the informed public revie~., process is 

completed. 

For peaceful uses of radiation, :IC:u> provides yearly nur.lerical dose li~its 

for indiviJual menbers of the public, considering ~ossible sonatic effects, 

and strongly advocates naintcn::mcc of lo'.1est p-ractica:.,lc e:cposure levels, 

especially for infants an.cl t:1e u:iborn. :IC~ also rcco::r:iends yearl:r dose 

limits for t:1e average population based upon sor.latic and genetic consider-

ations and rccor:t":lcnds the sane value as IC".'!:' of 5 re::is in 30 years for 

gonadal exposure of the U.S. population. Table III contains a s~rrl~ry of 

reco-;mendcJ values. ~TC:'.".J..., :teport :Io. J'.) entitle!, "!1.:isic ~'ldiatio::i 

Protection Critc:-L:i," dated .Tanu:iry 15, 19il, cont:Ji~~ the nost recc·.1t 

upJating of 'IC::..., rcco~cnuations for p~otcctio~ of t!1c ::m~1'!.ic. 

TABLE III 

NCRP DOSE LIMITS ];_/ 

Individual Population 

Whole body 

Gonads 

O. 5 rem/yr 0.17 rem/yr 
2' 

O. 17 rem/yr -
1 

Gonads (alternative'},_/ 
objective) 

S. 0 rems/30 yrs 

1/ 

2/ 

3/ 

For conditions a!ld qualifications on application, see NCRP Report 
No. 39, 11 Basic Radiation Protection Criteria. :i 
To be applied as the average yearly value for the population of 
the United States as a whole. See paragraph 24 7, NCRP Report No. 3 9. 
See parag!"ap'b.. 247, NCRP Report No. 39. 
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D. Criteria Against Which Survey Findings and Alternative }:easures Will Be 

Evaluated 

The Task Group approached the question of radiation dose criteria from 

two directions. First, me, ICRP, and NCRP recommendations reviewed 

above were judged as to applicability in this situation. Second, a risk 

approac.l-i was reviewed using inforciation froo ICP.P, U:1SCEAR, and the 

National Academy of Science BEIR Committee. The results of this latter 

effort are sumr.iarized in Part E which follows. 

The radiological survey of Enewe!:ak Atoll provides u conprehensivc data 

base need~d to derive recor.inendations relative to the radiologically safe 

return of the Enewetak people. These recor.unendations are to be based on 

an evaluation of the significance of .ill radioactivity on the Atoll in 

terms of the total exposure to be expected in the re turnins pojlt1latiC1::, 

ancl on cousicieration of those reasonable act1cns and constraints which, 

where made, will result in ninir::un e:-:posures. 

The guidelines used in deriving these recoI:ll"lendations can be sur..narized 

as two interdepend"?nt considerations: 

1. Expected exposures should be ~inir.ri.zed and should fall in a range 

consistent with guidance put forward by the Federal Radiation Council 

(FRC). 

2. Actions taken to reduce e:cposures should be thC"sc which show pronisc 

of significant exposure reduction when weighed against total expected 

exposures and the "costs" of the actions. ''Costs, 11 in this context. 

arc measured pri~arily in terms of costs to the Enewetak people as 

constraints on their activities or as dollar cos ts for cleanup or 

reoeaial action. 

-~ 1 1-0Q 
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In these evaluations, it should be cnphasizcd t;1at dosages through various 

pathways are estinated on the basis of environmental data and considerations 

of expected living patterns and dietary habits. While "radiation standards 11 

do not exist for environmental contamination levels in substances such as 

soil and foodstuffs, there is general agrccnent: in terns of conservati,1e 

nodels of these pathways and the relationships between a certain level in 

the environraent and the likely dose to result from the pathway exposure. 

The area of plutoniu:n in soils, however, is one for which there is no 

general agreenent as to the quantitative reia'tionship between levels in 

soils and dosages to be expected throu3h the inhalation pathway, the 

primary one through which r.ia:::l can receive: a sif;nificant dose fron 

plutoniun. The ICJ\.? recor.nend::; a naxi::lU:"l pcrm:!.ssible; average concentration 

(:r?C) of l picocuric per cubic meter (pCi/i:i3) of air for "insoluble" 

plutoniun and O.Ou pCi/r.13 for "soluble" plutonil.!n for unrestr:i.cteJ arc<.1s. 

Hhile the plutoniui!l in t'he soil at Enewetak is thour,ht to ba ty?ical of 

world-uide fallout, and therefore insoluble, 0.06 pCi/n3 will be used 

for the sake of conservatisra. 

Appendix A of I:newctak Tt:idiolo'..!ical Surv~v, :rv0-140, pres(?nts t~•o possible 

mctaods for derivin3 tne exposures that T':lay occur t!1rough the inhalation 

pathway for plutoniun in soil. (7ais is the pnthwa~1 of intc:-cst for t:.1.:! 

prcser:.t althou~:1 it is -.:-eor::;anizcd that for the ver-; distant future, 

in3cstion ~y beco~e r:iore i;:i;1orta.nt by C07'.'I1arison. Table 250 of Appendi:c 

i:I shows that exposure to bone, liver, anJ lung from 239pu arc:; e:9ccteJ 

to ba a few hundre<.!ths of a r.::n in 30 years for patlmays ot:1cr t!1an 

in.1-ial;i!:ion.) T!1is ::iate!'ial is produce.I as Attachnent I of this sectio.-•• 



The two ncthods presented are t:1c "resuspension-factor" 3p;:>roach and the 

mass-loading" approach. Soil concentrations of 2 39ru that uoul<l be 

associated with the standard for 23 9:::>u in air (0.06 pCi/::i3) by the two 

riethoc.ls are: 

Resuspension-facto.r approach • . . . •• 1,000 pCi/s 

?1as~-loa<linc approach • • • • • • • • • 600.pCi/g 

A recent report, A Propose<l Interin St~n~3rd for Plutoniu~ i~ Soils 

LA-5483-:rs, presents recomnendations derived from estinates of e:q>osure 

through inhalation ·c·o!l.si<le?rin~ the co:icentration of 2 39Pu in the· very toIJ 

surface soil. The follo'.lin;; values were recoraraenued: 

400 pCi/3 - For all particle sizes provided no more . t.:ar:. 

2::>0 pCi/g in< lOQh:;.r:i size fraction. 

A revised :ta:dnun Parmissible Conccntratio;-1, :::-•c, oi O. ~-s ry2:!../:;; 3 for 

individuals \las used in these determinations. The estir.iat:cs ajjply to 

large area contanination. Levels several tines larger could ~c pernitteci 

for localized deposition. 

The Task Group recognizes that the islands of I:newetal~ Atoll are snall 

and that the areas of hi:;hest 239pu in soil on these islands <lr::? s~llcr 

still. On the :>ther hand the people: lh•e close to t!le soil. It is also 

recognized that C}."Perts are not in asrcc~ent as to the critical organ fer 

inhaled plutoniun, whether to use an average dose for this organ, or t!lc 

model to be used to predict dose. In the interest of seekin3 a com;ervativ~ 

yet flexible ap~roach to considerations of crit~ria to treat the p=obler. 
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of 239pu in r:ncwetak soil, the Task Group reconrnends the following: 

1 •. Any areas or locations where soil concentrations of 239Pu are greater 

than 400 pCi/g should receive corrective action with contaminated 

soil removed for disposal. 

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 follm!ing guidance is provided for this evaluation: 

a. Islands with soi'l levels in the above range may be divided into two 

categories, those of suff!cient size for construction of pe~anent 

houses, and those that are not. 

b. n.enoval of 239pu conta7linated soil is better justifieJ within the 

range. a~ove for the l:uger islands such as J.;::\.:T or S.\LLY \lhere 

permanent housing may soneday be located and for near surf ace 

locations on the lnrger islands. 

c. The s::i.'iller islands raay be considered of less concern. Their longter::l 

outlook is uncertain since they are sol:letines inc.reasing in size and 

sometiraes erroding away. S:n:1ll islands nay be washed over by storr. 

waves and are not a safe site for p::?n:ianer.t housir.!;. Fro;.i that 

viewpoint, they arc in the sane categorf as unna:.ied sandbars along 

the rec: wh..::re ot~e:- is2.::mds r.uy h.:r.:~ disappeared or be forning. 

J. The a.~cunt of effort t~at pro?erly ~ay be given to soil rc~oval in 

this ran3c increases as the soil conce::itration increases. 

e. Once a soil re::ioval a 0-:tion i::; to be ta1.:en, the obj ecti•Je is to achi.:?vc 

a substantial reduct::.on in plutoniu;:i soi.1 concentrations. :md furt~1er, 

to reduce conccmtrat.!.o:1s to the lm;est p::::-a::ti::ablc level, not to 

rcc!ucc t:1~::; to so::-J2 prescribed nu!"leric:::.l val1..!c. 



3. Areas or locations sho·.ling less than '•0 pCiig do not require corrective 

action because of the presence of plutoniuJ1l alone. 

The Task Group vicus these reco;;mendations as the best current approach 

for obtaining o&cceptable e.ctions .:t,sainst :plutonium in soil at ~neucta!~ 

Atoll. These are interiur:i. criteria to the c:ctcat tl1at there does not 

appear to b.:? either adequ.;tc J:>hysical or biolo~ical basi3 on ;:;:lich to 

establish firr:i a.'l<l durable standards for cleanup of plutoniun. 

contaIJinated soil. 
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The standards issued by ~C are recor:nc::ided as the basic guidance for 

evaluation of e:?osures to individuals to Eneuetnl;. This is reco::-i.-:icmded 

with provisos that: 

1. The full anour.t of the n~,erical values should not be used for 

evaluating e:qiosures frc:a a single nan-r:-.ade source, in this case 

radioactivity fron wea?ons tests. T.1is is .::;.pplicd so that the 

Enewetak people will not be denied benefits of future nuclear 

technolo~y because they are receiving e:tr>onure3 fro::i :nan-::iade 

radiation at the ma:dnun level of acceptable standards. 

., ... En•:iron:nental follrn·TU? surveys anl! studies of radioactivity leve!.s 

in people are perforne<l such that the full ran3c of radiation 

.e:~posures of in<.!ividual ::ie::ibers of t!l~ :.:nm;cta~~ population \-li:!.l b~ 

3. E:tposurcs of the I:newetU:." people are ~•ept to the nini~u:·1 practicable 

level. 

Survey, Clea:1'.1j), a;.1J l.ehabilitation :'.v3luation 

It is recor:r.JcndeJ in this conte:tt that: 

1. The ?rrC ~diation Protection Guide (~G's) for individual3 shculd be 

used as the basic standard. '!'he requirencnt is to assure that eXj)osures 

for continuous residence in Eneuctak Atoll will be well witl1i:i ti1e 

annual and 30 year criteriun. :.fuile these are conservative stan<laru~ 

from a healt:1 view point, there is no builti!1 conservatism to account 

for uncertainty in prediction of annual exposures to individuals. 

Because of the COTT,Jlex circu::is tar.ces of exposure t1.nd the many pathways, 

each with its unccrtain~y, the ·;as!~ Group recor:lr.icnds use of 5') ?~rccnt 
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of the FRC annual standards for evaluation of the r.iany cleanup and 

rehabilitation alternatives at Enewetak Atoll. !'his is not to be 

viewed as an atter.J.pt to establish new standards but is considered to 

be a necessary precaution in the applicatior. of cu1rent standards. 

The folloiving values apply for evaluation of alternatives: 

l1hole body • • • • • • • • • • • • • • C. 25 Rem/yr 

Bone t;Jarrow • • • • • • . . . • • . . 0. 25 ReM./yr 

Bons . . • • • • • • . . . . . . . . • 0.75 Rem/yr 

n1yroid • • • • • • • • • • • • ••• 0.75 Rem/yr 

2. The Task Group recommends use of 100 percent of the FRC r.PG 's to 

evaluate post cleanup and rehabilitation and post return conditions 

t.-hcrein direct ".':'le.:isure::ient of lc·r~ls of radiation c::.nd r.:d.ic:li:t:iv-ity 

in foods a.11d in people are nade. Un~er such conditions, dcsc, 

estimates should be s·Jbject to mud' less uncertainty. The requit'e~ent 

is to assure that c:-."Jlosures arc uell \lithin the FRC stanc!ar..!s. Sec 

Section A. of this Appendix for the FRC RPG's. 

3. The criteria fer evaluating gonadal c:-.-posures at :Snem?tak Atoll should 

be 4 rens in 30 years. The requirement is to assure that long tern 

exposures 1nll be well within this criteria. The· Task Grcup feels 

justified in using 31) percent rather than 50 percent of the FRC 

standard since there will be an!'le tine to verify ex:>OS'.JT.C cst:!.nates 

using actual sar.!pling of the diet and ti!'!le to follow the ch~ngin3 

pattern ~f e:q>osures of yeoplc. 

•'i .l!l.[l -1:
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4. The rcconnended guidance for 239P~ in soil is: 

a. < 40 pCi/g corrective actior.. not.required. 

b. 40 to 400 pCi/g - corrective action may be needed. Action to be 

taken should be determined on a case-by-case 

basis. 

c. >400 pCi/::; corrective action required. 

In applying the criteria for bone and bone marrow in part 1 above, it is 

assuned that if annual exposures do not e:~ceed the applicable criteria 

in the year of hi&hest dose, there will not be a require~cnt for l:!nitin:; 

longer tern cunulative exposures. On the other hand, ir.ivle~entaticn of 

the "l01rnst practicable" concept lTill req'.lirc co:i.si<ler;-ltio:is of effcctivcn-..s:-; 

of rcnedial ncasures to rcduco both a.;ir.:.l~.l a:1d lcm~::r te't'l.l. c::posur::s to t'."lc 

extent practicable. 

• 

-~"'Li .c 6 
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F. Risl: Consiuerations 

The Task Group a.'1d its technical advisors· have revieilc1l t11c available 

infornation fro:.i IC::P, U:lSCi:.\."'.., and the :Jational Ac.:i.der.y of Science TIE!~ 

Cor:nittce that could be used to estimate t!1e healtlt ris~~ tllat nay be 

associated uith long tern exposures at the level of t~1e radiation dose 

and soil re;:ioval criteria bcin~ reconnended. It is clear froo this 

review that knowledcc of the relationship between racli3tion dose and 

effects of that Jose on r.ian as characterized in dose-effect curves is 

inco~plcte even for external radiation exposures. For internal enitters 

and particularly for plutcniu!:'I, the situation is even less satisfactory. 

U:lSCr .. Ar.. h:is suw.-;iarized their fundinss by stating that one ::;:.1oul.:! not 

extrapolate in a linear fasld on fron effects seen at high doses znd Jose 

rates to effects at lou doses and dose rates since there is strcn:-; 

likelyhood of recovery anr1 repair. The 'J::l:t Con.-:-.i ttc~~ '.Jsin~ only 1111::-.an 

data, concluded t:hat since the low dose d.ata \·.Tere incor::.:1letc, on:o>. s:10ul\l 

conservatively assur..c a linear no-t!1rcshcld dose-affect cu::ve dr~:.m 

throush data ohtaincJ at hir,:l doses and dcse rates. 7hc Ccr~ittec further 

suggested that if this linear no-threshold curve is assu'-lcd to be correct, 

it follows that 6,000 cases of cancer \,rould be protluccd each year in a 

population of 200,000,000 people e:-:poseJ at a rate of 0.17 ?..e;n/yr. 

(Ti1is is the rn.c P2G for pop~lation grOU;'S - sec Table !. ) ?or tile 

Enewetak population of less tl1an 580 e::-.."PoscJ at t:1e s<i.r..c level, oni; ca•~ 

make the foJ.lm1ing estinate: 

6 x 103 cases/vr ~ 50J nconle ~ 1.5 x 10-2 cases of cancer/yr 
~~~~~~~----~~~--------

2 x 108 people 
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Exposure at ·the level of the recor.miended criterion of 0.25 Rem/yr would 
:l 

give twice the above value using a linear dose-effect curve or 3 x 10-

cases per year. The Task Group '\d.e"\·1s this as a pessinistic upper lir:dt 

of risk. It could be inferred that there may be between zero and three 

cases of cancer in 100 years if the entire Enewetak populaticn were 

continuously exposed to 0.25 Rem/yr over that tine period. 

Lack of confidence in extrapolation of high dose and dose rate effects 

into the very low dose and low dose rate situation, consideration of 

the fact that for alternatives beinc considered for cleanup and 

rehabilitation, most of the exposure to whole body and in fact to all 

organs cones from internal enitters wherein the shape of the dose-effect 

curve is most uncertain, and lack of confidence in the statistics and 

r.i.sk t!SliwaLt: drawn therefron have led r:r.c Iasic Group r:o h.'.lve scrJous 

reservations about their vnliJit)'. The Ta~l~ Group holds the opinion 

that such csti::iatcs can not be used in any def:Ln~tive vay to drau 

conclusions on whether current radiation standards are too high or to~ 

low or as a basis for decision r:ia:~ing relative to resettlcr.:ent of 

Enewetak Atoll. While the risk associaterl uith doses at the level of 

current standards is possibly not zero, it is vieued as being very low 

as described by FRC, ICRP, and NCRP. The bD.Sic FRC stanciards, 

conservatively applied, are viewed as suitable for Enewetak rehabili tad.on 

provided there is also a serious and concerted effort to keep exposures 

as low as practicable. 
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A T T A C H. M E N T I 

RELATIONSHIP BETWEEN RESUSPENDED PLUTONIUM 

IN AIR AND PLUTONIUM IN SOILS 
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Relationship Between Resusoended 
Plutonium in Air and Pi utoniurn in Soil 

L. R. Anspaugh 
Lawr.cnce Livermore Laboratory 
Livermore. California 

There are no general models that may 

be used with confidence to predict the 

resuspended air activity in the vicinity of 

an area contaminated with plutoni"1m. 
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However, two approximate mdhods may 

be used - the re;;uspension 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 

context of a fresh surface deposit. The 

latter method is inappropriate to the 

fresh deposit situation, but should be 

reasonably valid after enough time has 

elapsed for the surface-deposited mater

ial to become fairly well mixed with a 

few centimeters of the soil surface. 

as 

Resuspension Factor Aoproach 

The resuspension factor, K, is defined 

K =Air concentration (Ci/m3 ) 
Surface deposition (Ci/ m2) ' 

~;"\..? fl-,1-;~- !r.;:.c: '!11-,;tr::: ,--~ r--,-1 T.I. ~...:. -1-- .--4. 
~·- ~··-... -' • .1-~ _..,_..,_ ...;J. ... .L.. • ..:.\. .L~ CL~J..&.J.V;:J'!.. 

always implied tr.at both measurements 

are made at the same loca.tion. The diffi

culties with this approach ~re fairly 

.obvious - no allowance is made for the 

geometri~aJ. configuration of the source, 

the particle-size distributions of the con

taminant and the soil surface, vegetation 

cover, etc. Stewart1 and Mishima2 

have tabulated values oi K from many 

experiments including those involving 

laboratory floors as \vell as native soils. 

As would be expected, the tabulated 

values cover an enormous ran.ge and vary 
-2 -13 

from 10 to 10 / m. Most of the high 

values, however, are derived from experi

ments with laboratory floor surfaces and/ 

or with artificial disturbance. 

For outdoor situations, Stewart 1 sug

gests as a guide for planning purposes 
-6 

that a value for K of 10 / m be used 

"under quiescent conditions, or after 

administrative control has been established 

in the case of an accident. " A value of 

10- 5/m is suggested under conditions of 

moderate activity. Stewart states, 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 c.pproaching 10- 3/m when dust is 

raised by pedestrians and vehicles are 

also repo1·ted by Stewart. 

Kathren3 has also considered the re

suspension factor ripproach and has 
-4 

recommepd.ed the use of 10 /mas a 

conservati·.re but appropriate value for 

setting standards for Pu02 surface con

tamination. 

Langham 4• 5 has sugge!ited that a 
-6 

value of 10 / m is a reasonable average 

value to use in estirr.ating the potential 

hazard of occupancy of a pl1.itonium

contaminated area. At the same time, 

however, Langham notes that many 

measured values lie in the range of 10 -
5 

-7 
to 10 /m and reports that his own 

measurements in 1956 produced a value 

of 7 X 10 - 5 / m. 

These recommended values, however, 

are all intended for application during the 

time period immediately following deposi-

t
. 1'1 . 1 5-8 ion. numerous stud1es ' have shcwr. 

that air concentrations of resuspended 

material::; decrease with time. Witt the 

assumption that this decrease can be 

represented by a single exponential func

tion. half-~imes of 35 to 70 days have 

be .. d5,7,8 Th. en repor.e • LS decrease in 

air activity is not explainable by the 

relatively minor loss of material from 

the initial site of deposition 1• 6, but is 
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presumably caused by ~he migration of 

the initial surface-deposited material 

into the soil. 

Attempts to use the resuspension 

factor approach to derive acceptable 

levels of soil surface contamination have 

included this "attenuation factor 11 as a 

simple exponential function with half.,.. 

times of 35 or 45 days3• 4• There are 

major uncertainties in such a formulation, 

how<ever. The longest study of this de

crease with time extended to only 11 mo 

following the initial deposition8, which 

is extremely shc;rt compared to the half

life of a radionuclide such as 
239

Pu. 

There are also published ·reports which 

indicate on experimental and theo::-etical 

bases that the decrease with time will 

not be adequately represented by a single 

exponential function, b~t that the rate of 

decrease itself will also decrease with 

time 1
' ti. Fortunately, the exact nature 

of this time dependence is not critical !.n 

determining the integra.ted exposure from 

the time of initial deposition due to the 

fairly well-documented rapid decrease at 

early times. However, it is obviously 

the controlling factor for questions con

cerning the reoccupation of areas many 

years after the contaminating event. 

As an illustration, the rr..ost conserv?.

tive published model (Kathren3 ) may be 

used to calculate a resuspension rate for 

material 15 yr after deposition: . 

K-= 10-
4 (-ci. 693 X 15v X 365d' m exp -....,.-1~5....,d ______ y·-} 

·== lo-
41 /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 

. -10 
be 10 / m. However, the total inte-

grated air activity {frorr. t = 0 to <>;} for 
239 Pu would be changed only by 

AX l0-41:xp (- o. 693t/45d) dt 

+AX 10-l~ 1 ::p (- O. 693ti24, 400y)dt 
0 

= 6. 5A X 10- 3 + 1. 3A X 10- 3, 

which is an increase of 20%, and more 

importantly, cannot be accumulated dur

ing an individual 1 s life span. 

Because the functional nature of the 

decrease in resuspension rate with time 

car.not be confidently extrapolated, -pre

viously. p-i;blished models should not be 

applied to the recccupation of areas many 

years after the contaminating event. 

The resuspension-factor approach ca.'1 

be o.pplied in an appruximate way. how

ever, i.f resl.<Spl.-nsion factors are used 

which werc- derived from measi..;rements 

over aged sources. Perhaps the most 

relevant data are unpublished r·esults 

from curI'ent resuspension expe::-iments 

at the GMX site in Area 5 of the :l'~evada 

Test Site. The 239Pu at this location 

was deposited followi.<:lg 22 hig~-explosi ve 

detonations during the pe:::-iod from 

December 1954 to Febrt~ary 1956. 

Measurements of resuspended a.ir activity 

levels at this site during 1971-1973 

appear to be the only available data. con-
. . f 2390 ' cernmg resuspension o _ u tram a 

source of this age. 

Data from two types oi measurements 

are availab!~ and can be '.lsed to derive 

average resuspension factors. The first 

type of measurement9 v;as accomplished 

by placing five high-volume cascade 

impactors 10 within the most htgh~y con

taminated a::-ea, and running them for 



36 days, from July 7 to August 12, 1972. 
239 240p . t" "t The collected • u ac iv1 y was 

distributed lognormally with particle 

size with an activity median aerodynamic 

diameter (AMAD) of 3. 0 µm and a geo

metric standard deviation of 8. 2, The 

239. 240Pu concentration varied from 

i.o X lo- 14 to 3. 9 X 10- 14 µCi/cm 3, 
-14 . 3 

with an average of 2. 3 X 10 µC1/ cm 

for the five samplt;rs. 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 results 11 of 2060 to 

3550 dpm/ g, with a mean 6~ 2700 dpm/ g. 

Profile data from other locations at the 

same general site indicate that about 90% 

o! the total deposition is contained within 

the top 2. 5 cm of the soil 12• Measure

ments of soil density in the area average 
- a 

1. 8 g/ cm;.; - • The resuspension factor 

is therefore 
- 1 4 3 

2. 3. X 10 • µCi X g X cm 
cm.:. 2700 dpm 1. 8 g 

X~ x 10
2 

cm X 2. 22x_10
6 

dpm 
3 cm m µC1 

= 3 X lo- 10/m. 
Add.itioncl air samples were taken by 

the Reynolds Electrical and Engineering 

Co. (REECo} on the edge of the contamin

ated area during the period of February 

1971 to July 1972, with a sampling time 

of approximately 48 hr 13 . Measurements 

were made at four iocations, 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-

table r~sults reported for 236. 
239

• 
310

Pu 
-17 

concentrations ranged from 3. 5 X 10 

to 6. 3 X lo- 13 µCi/cm 3, with arithmetic 
. -15 

and geometric means of 6. 6 X 10 and 

7. 9 X 10- 16 µCi/cm 3, respectively. Re

sults for four soil samples taken from 

approximately the same location range 

from 128 to 202 dpm/ g, with a mean of 

160 dpm/ g 11 • Because the- arithmetic 

mean is a bet~er representation oi average 

lung exposure, it is used to derive a re

suspension factor at this site; 
-15 3 

6. 6 X 10 µCi X g x.J:.!!!..._ 
cm" 160 dpm 1. 3 g 

2 6 
XM_ X 10 cm X 2.22 X ~O dom 

3 cm. m µC1 

= 2 X 10-9 /m. 
This value is nearly an order of magni

tude higher than the one previously caJcu

lated, anq reflects some of the inherent 

difficulties in the resuspension-factoi~ 

approach, i.e., that no allowance is made 

ior 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 indicatio~ 

of the resuspended air activities that :nay 
. f 239, 240p t . t d arise rom a u con am1na e 

area which has weathered for 15 to 20 yr. 

The data discussed above also cen;,onstrate 

unequivocally that resuspension of 
239, 240Pu does in fact occur from such 

aged deposits and at levels many orders 

of magnitude hig:1.:r than would be ex

pected ii the often noted decrease with 

time were represented oy a single exponen

tial function with a half-time of 35 to 70 

days. 



Mass-Loading Appr.oach 

The other approximate prediction 

method is based upon measured or 

assumed levels of partic1Jlate matter in 

ambient air with the assumption that this 

material is derived frorri the contaminated 

soil. For fresh deposits this approach is 

not valid because the freshly deposited 

debris is much more iikely to be resus

pended than the remainder of the 

weathered 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, 240p f . 11 . d u were pre erenha y associate 

With thP Rm::iller r::irtirlP c:;j7pc:; mnrP 

likely to become airborne. For the 

Nevada Test Site, such is not the case as 

determined by soil analyses 14 and by the 

high-volume cascade impactor study. 

The latter study found an A1\1AD of 3.0 µm 
239 240 

for ' Pu, whereas the total mass 

median aerodynamic diameter was 1.7 µm. 

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, µm 239, 240p 
ui dEmlg 

>7 950 

3. 3 to 7 700 

2. 0 to 3. 3 1030 

l.lto2.0 1300 

O. 01 to 1. 1 480 

All stages 890 

(Soil) (2700) 

Although there is considerable spread 

in these data, there is no indication of a 

f t . 1 . t' . 239, 240p pre eren ia assoc1a 10n 01 u 

with a particular particle size; as would 

be expected as a re:3l!lt 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 speciiic 

calculation is what value to use for· the 

ambient air mass loading in the absenct

of specific data. This becomes even 

more uncertain because of the possib:lity 

that the people involved may be highly 

correlated with the source in the sense 

that children playing in sanrl; ::irlultc:; r11l

tivating crops, etc,, may generate their 

own "ambient air" which contains much 

more mass tha.n would be recorded by :::. 

remote stationary sampler. 

The lower and upper bou:ids of ambient 

air mass loading can be fixed rather 

easily for any site. There has been con

siderable interest in establishing ~

"background level" of mass loading, and 

this is generally believed to be about 
. 3 (15) 

10 µg/ m • The upper bound ca.:i. be 

established in a reasonable way by the 

levels found in mine atmospheres which 

have led to a considerable prevalence of 

pneumoc~niosis in the affected \\'ork·--rs 16 . 

Examination of these data indicate that 

current standards for occupational dust 
3 exposure (- 1-10 mg/ m ) have a very 

small, or perhaps no margin of safety, 

such that a reasonable upper bound can 

be taken as 1 mg/ m 3• British data 17 
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"indicate that if the general public were 

exposed to dust levels in excess of 

1 mg/ m 3, the public health problem from 

the dust alone might be enormous. The 

reasonableness of the upper limit value 

of l mg/m3 is also demonstrated by data 

which indicate that nonurban ambient air 

mass concentrations this hi.gh are usually, 

associated with conditions described as 
18 19 dust storms ' • 

Measurements of ambient air mass 

loading can be used to further define a 

reasonable estimate for predictive pur

poses. The National Air Surveillance 

Network (NASN) has reported suchresults 

for several years. Data20 for 1966 show 

that there were 217 urban and 30 nonurban 

stations reporting. The annual arithmetic 

average for the urban stations ranged 

from 33 (St. Petersburg, Florida) to 

254 µg/ m 3 (Steubenville, Ohio), with a 

mean arithmetic average for all 217 

stations of 102 µg/ m 3• For the nonurban 

stations, the range was from 9 (White 

Pine County, Nevada) to 79 µg/ m 3 (Curry 

County, Oregon), with a mean arithmetic 

average for all 30 s,tati.ons of 38 µg/ m 3• 

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 µg/m 3. 

More pertinent, but limited, data have 

recently been published for the island of 

H .. 21, 22 D t . ' th awau . a a are giver. .or ree 

locations: Maunu. Loa Observatory 

located at a height of 3400 ;n, Cape 

Kumukahi, and the city of Hilo. };ASN 

data for Hilo (for an unspecified period) 

are given as 18 µg/ m 3, and nephelomekr 

measurements varied from 18 µ.g/m 3 

during the day to 26 µg/m3 at night. At 

Cape Kurr..ukahi the nephelometer measure

ment v:as 9. 2 µg/ m 3• The greatest amount 

of data is available for Mauna Loa Observa

tory. Here, the NASN measurement was 

3 µg/ m 3, and the nephelometer measure

ments varied from 1. 7 µg/ m 3 at night to 

6. 5 µg/ m 
3 

during the day. Additional 

mec:.surements made by the USAEC Health 

and Safety Laboratory (HASL) were 

3 µg/m3• It is of interest in the present 

context that Simpson
22 

made the following 

comment concerning the HASL measure

ments: "The HASL filter samples contain 

substantial dust (3- 5 µg/ m 3 of air samplw i 

because oi the fact that the filter was 

located less than one meter above the 

ground surface near areas with substantial 

personnel activity at the observatory site. '' 

Thus, while thi;:;; method of measurement 

may not have coincided with Simpson 1. s 

interest, it does indicate that ambient 

air ::naE£ 102.dings rr.:i.y be very lov: on 

such remote islands even when consider

able hur.ian acti·;ity is occurring nearlJy. 

On the basis of the above data, it 

would appear reasonable to use a value of 

100 µ.g/m
3 

as an average ambient air 

mass loading for predictive purposes. 

Indications are that this value should be 

quite conservative for the Enl!'wetak 

Islands, and therefore allows room for 

the uncertainty involved because the people 

themselves may generate a significant 

fraction of the total aerosol. Therefore, 

they may be expc..sed to higher particulatE

concentrations than would be measured by 

a stationary sampler. 
? 

Supporting evidence that 100 µg/mv is 

a reasonable value to use for predictive 

purposes is provided by the National 

Ambient Air Quality Standards23 • Here 
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ambient air is defined a·s " ••• that portion 

of the atmosphere, external to buildings, 

to which the general public has access. '' 

The primary ambient air standards define 

''levels which. •• are necessary, with an 

adequate margin of safety, to protect the· 

public health. " The secon~ary standards 

define "levels which. •. (are) ••• necessary 

to protect the public welfare from any 

known or anticipated adverse effects of a 

pollutant. " These standards for particu

late matter are given below: 

National ambient air quality standards 
for particulate matter, µg/ m3. 

Annual Max. 24- hr ccrrentration 
geometrtc not to he exceeded more 

mean than once a vear 

Primary: 

75 

Secondary: 
60 

260 

150 

Data to support these standards in terms 

of health effects, visibility restrictions, 

etc. have been provided
24 

An arithmetic mean would be more 

desirable for predictive purposes. Data 

from 1966
20 

for nonurban locations indi

cate that the annual arithmetic mean is 

(on the average) 120% of the annual 

geometric mean. 

Representative Calculations 

Because one of the primary objects is 

to derive an acceptable soil level for the 

Enewetak Islands, the approaches devel

oped above were used to derive such 

levels for both soluble and ir.soluble 
239

Pu. The derived values are given in 

Table 151. The two methods agree within 

a factor of two, at least for soil distribu

tions like those found at the Nevada Test 

Table 151. Acceptable soil levels of 
239

Pu for ~ source which has weathered for 
sever~! ~ear~. Values are approximate and arc subject to uncertainty. 
Perm1ss1ble \....oncentration in Air ror 168-hr occupational exposure 
(MPCa)25. 

Insoluble 

Acceptable air concentration, µCi/ cm3 

Resuspension-factor approach 

A. d . -1 
ssume resuspension factor, m 

Acceptable soil depositiona, µCi/m 2 

Acceptable soil concentrationb, nCi/ g 

Mass-loading approach 

Assumed mass loading, µg/m 3 

Acceptable soil concentration, nCi/ g 

aEquivalent to approximately 104 µg of insoluble 239 Pu/m 2 

102 

10 

Soluble 

6 x io- 14 

10;. 9 

60 

1 

10
2 

0. (j 

bAssumes same distribution of 
239

Pu with depth ands.oil density as measured at 
the Nevada Test Site. 

! 1 • -""">6 '-· ..I.. ~ 



NTS during the cascade impactor run was 

measured to be 70 µg/m
3

• 

Such derived values must, of course, 

be used with a great deal of discretion. 

They are based on simple model systems 

which are believed to be generally con

servative, but individual situations can be 

imagined which could exceed the predic

tions. 

Other Considerations 

The above calculations relate only to 

the resuspended air activity in ambient 

air. and do not consider the additioual 

problems of resuspension of material 

from contaminated clothing or the resus

pension of material wt-Jch has been trans

ferred to homes. 

Healy26 has considered these and 

other problems, and has provided tables 

of "decision leveJ s '' for surface contamina

tion levels and home transfer levels. A 

decision level is based upon National 

Council on Radiation Protection and 

Measurements (NCRP) recommended 

dose limitations. Because the derivations 

Table 152. Decision levels 26 for soluble 
239

Pu, and their equivalent in soil mass 
based upon the "acceptable soil concentration" from Table !51. 

Pathway 

Dirf>ct inh:::i.l~tio:na 

Direct ingestionb 

Skin absorption c 

R . d esuspens1on 

Direct inhalation 

Direct ingestion 

Skin absorption 

Decision level 

A. Direct personal contaminat:on 

2 X J0- 5 .,,ri/rrn2 

O. 2 nCi/cm2 

8 X 10-4 µCi 

B. Transfer (to homes) levels 

O. 01 µCi/day 

O. 01 µCi/day 

100 µCi/day 

O. 03 µCi/day 

1\~ass equivalent 

-5 2 
1 x 10 g/ cm. 

O. 2 g/cm
2 

o. 8 g 

10 g/day 

10 g/day 

10
5 

g/day 

30 g/day 

a"The contamination level on clothing and skin that cculd result in inhalation of air 

at the MPCa for the public. " 26 

b"The contamination level on skin or clothing that could result in ingestion of a 
quantity of radioactive material equivalent to the ingestion of water at the MPC 

. . . . . ,26 w 
for an individual m the oubhc.' 

c"The total quantity oi r~dioactive material maintained on the skin for 24 h/day that 
could result in absorption of a quantity equal to that which would be absorbed from 
the GI tract if water at the MPC for "soluble" isotopes for an individual in the 

w 
public were ingested. •• 26 

d"The amount transferred per day that could result in air concentrations due to 
resuspension in a medium-sized home averaging at the MPCa for an individual in 

the public. 1126 

A Al,... 27 .:...-1..J_ -



are rather tenuou~, 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 152. 

The values in column 2 are derived from 

these and an acceptable soil concentr,ation 

of 1 nCi/g from Table 151 to give equiva

lent dirt (soil) contamination and transfer 

levels. The results are interpreted as 

indicating that the potential exists for 

greater dose contributions from these in

frequently considered pathways than from 

the usually considered pathway of resus

pension as calculated for ambient air. 

This conclusion \l,rould be the same for 

insoluble 239Pu. Therefore, if dose 

calculations based on the usual resus

pension pathway should appear limiting 

compared to other pathways such as food

chain transfer, these pathways considered 

by Healy need to be carefully evaluated 

for the specific Enewetak situation. 

'L.tl-28 
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1. Introduction 

The purpose of this aF:;::~ndix is to evaluate the F::lte:itial annual 

bone doses f:ir adults and children for the six living ratterns considered 

in the Enewets.k Radiological Sur;ey Rerort (:;vo-140). 'rhe bone doses 

presented in l:V0-1~0 were calculated f~r ~ineral bone foY adults as 

integrated doses for 5-, 10-, 30-, and 70-yr perbds. :=one and whole-

body doses to children were not. considered separately tecause in rr.ost 

cases the doses predicted for aciults are usuall:,r a gooi estir:at.e of the 

dose to children. For exru::rle, the external g"'"'.,.a co!'l~Yibut<::s sinila:r·l:; 

to both adi.:lts ani chi2.jYen. Stro.ntit:::.-90 <L'!d 137 Cs cor.tritute over 95~, 

of the food-chain dose a~d ~here is eviience to show t~a~ doses to 

cnly a few rcrcent. With the uncer~ai:-_t.ies i!'lv:::il ved :;._.:: ::;ther :rarts c;f 

the do.se a.s.sessr::er,t, for e:.;.c.r.::;:le tl".e actue;;.l ci:'..et at t.; --= of retu~·n, t.!:t: 

differentiation "::le:·..Jeen child and a.C.ult inte;rated dcses was Dot inclu·.:ie:S. 

in the tatles. 

Because of the :::ai;:1itucie of .s~~e of the 30-;;·r i:ite~r2.l tc:ie doses: :;_t 

was d~cided that a~nual b~ne d8ses should be evaluateC. t~ indicate th~ 

living ratte~·ns anC. agricultu::.-al situaticms which are · . .-i:-.hin Fi\C gui.:S.e.s 

for annual t.:me d~ses. The r:;eir~ d.E:tailed. assess:::ent o:~ 'tone ci.::;ses is 

direct.ed at estir.-.ating the d:::ise to tt.e critical cell F0IUlati~.m at risk 

~ v- (")•"> .... "• 



in bone - the to::e r:arr:::n; - r~tt;er than t2 the entire bone mass, as was 

L'1 adc::ptin,; this a:r::;roach, 

we are followbg the recc:r:=:er.da:ti:>::.s of the ICRP (IGRF-11) a!ld the agroach 

of Spiers used. u;:scz.;.3 ( 22). 

The follo:dng text considers the inforr::aticn .aYailatle for estin:ati.ng 

the doses to the :~etus, the ne·..;born, an:5. children relati·;e to adults, and 

also the dietar:.r ct.e.nges which are assur.:ed :,cr children. 

The Sr/Ca ratio :...n the fetus a.Ii.d in r::>th0r.s' r:iilk is d.eterr:ined by 

the Sr /Ca ratio in the =-~ter!Jal b2.:;:;d. 

placental barr:_er ar.ci across the :::-..a:.-:.:ar:.r ;2and i.s r;::arly the 

In fact, the ctser:ed rati:> OR 

i ,.,.-, \ ..._,1:~ 

(; =:i 

mcthe:::rs ' :::iJJ.: • 

" ., 
...:...- _: 

-- . /. 

l 2 
Sa!:t:. ' 

._ - - t ~ . h ~ + - 'h l . th - , .._ - - 1, 2 ra.,i.o exis s :er t..e Ie"us e..'1c:_ ne•:i.:c~ re~at1ve to .e ac.u_., a.iet. 

1 '~ 0.2;.;-:'-

factor of 2 across the :r;lc..ce::tal :·r r::a::::::.ary r::e::.trane, the ra..."lge o:~ val:.:es 

of 0.1 to 0.16 :~c.r rr:ilk or fetus is obtained.. 



As a result, the Sr/Ca ratb in the :-etus and nc·,.,bc:·rn is approxirr.ately 

1/8 to 1/10 that of the adult, and the resulting dose to the fetus is less 

than that to a1ults. 

The dose t-:: a yoi..:.ng infant being breast fed will of course also be less 

than that calculated for adults. The OR body/ diet for young infar:.ts is 

0.9;1 '
4 that is, the youn~ in~ant nearly equilibrates with his diet. 

Ho;;-ever, the .::i:::>thers' milk, as discussed previously, has a Sr/Ca ratio 

0.1 that of the adult diet. The OR boc.y/diet then decreases tc 0.5 for 

a 1-year-old and by .a·~:;:-r~x:Z.at~jy 3 :ir 4 years of age tas reached the adult 

,.. ~ 2,4,6 
value of U.2:;:. 

Sir.:ilar data are available for 137 Cs. Cesiw;,-137 is roetaboli=ed and 

7 F 
turned over :t:ore rapidly in r:re::;2:ant wc:.r:·.?n than in noriy:re~r.a:-it w:>::::e:-i. ) ~ 

are less than wc:>uld be ex:;:2cteci fr::;.:;, !1:ir.:::-,a1 re-.:.er:.ti::!1 

adults. :::x:;:eri:::enta1. d::.ta furth<;r i!1dic3.te th<:.-::.. :::-or the fetus and fer 

·orea-+- +-e,:; ;n-"rnts t"'"' c~'"'Ce'"'•,....,t;-n o"' 137c- rna' th" r"-·ul"'"n- ri--e ne\' .. ,.. ~ v-~ .....,,, ,.,._ ...!. c.. .,_c ............ .;..1.1..1- co. .......... _ .:> c:. .!. t.... t:;:i ~ v ....... o .....,.._,.::> :;;;_ 

' 9,10 e:>:ceeds that of the r:.::i:.her ::r of otheY a~ults. · Tbere::'ore, ns indica·.;ec 

a 10 11 in re:p::rts by Rund:), / :i i:l t:.1:~ et al., and c~ok a!1d Sn:/der ~ the dose -
calculated _-........_..,... 

.!. -- an ad'..llt for 137Cs is a co!1servative estir.:ate for the fetus 

and the ne~bor!1. 

137C A . .::i . - ,_, _ - • _ ___ s - consi~e~ao~e uOc::J o: evi~cnce is available ,,;hich inciic0;tes 

1 :i7 
that th~ half-tiLe fo:r -~ Cs in the body is a functio:i. of age, with a r.ore 

rapid tu~r.over for y:::>~nger 
ll-11• 

ages. The biologi~al half-t.i::r:e a;::res.rs to 

fit-04 
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be the order of 10-15 d~ys f~r 1- to 2-year-old c~ildren and increases to 

,.,, 100 days by age 20. re.::.ains reasonably cor:sta::t throughout 

adult life. The body r::ass is less for the you!1ger a5e ~r::::u~s, and these 

two factors tend to off.set each other in dose calculati~ns. Dos~s to 

cbild!"en are gene!'e.lly less than !~or aJults as a resc:lt of the co.r.:t:ir.ation 

of these b;o of'1~settir..g factors. ·~:hen the re la ti ve ci.ietar:: intake is 

included, children receive a les:::er dose than aC.ults. 'Ihe!'efore, cbse 

estii:.ates i'or adults are usually a conservative e.sti:::-.c.te ±.'or children. 

90sr - Re;orts by.Loutit, 15 

FCi 90sr/g Ca in hu:::an b::ne is 

16 17 3ennett, and Ri ve!'a indicate tl-,at tbe 

than 6 y=-, incli;ding· adults. ::::·..:eve!", the turn::wer r<::.te is =.uch .::ore 

on 
ra}:id e..."ld the retcnti:-n ti.~e r:l:cf-l 2!-1.J~ter f-:::r .,, .. S"!" :.!"! ·~:-=:.: 1-5. :::~ 

defendent U:t:::m the :r-elati·•e i!1t.eracti::::n of these t.·..;o :~act:::r·s. P.r.;;; 

comparison ·,:it:i a.d:.ilts :::.ust therefore take into accc1.:r:t t.h-= aee de..:-ende!1::::e 

of these factors, as ~ell as the difference in dietar; :..r:ta~e. The - ' IDOC:e.l. 

rerorte C. ·:)y 

4. 

. t - 90s . - d t - . . t iG-20 , t - 1 ~ inges ea r are consic.ere o :::ie age :.:ivarian . .n. recen r:oc:e :r:::::-. 

B tt 16 ' ' . - t \., \., . 1 d ' 1 ~ ~ 1 . • 1 . enne aoes ru:.i::i.e.l. ... e c ... 1_ se:;=s.rat,e_y ! ror:c .:.he acii..:. .• :r., c:.nd. this ::oje is 

applied for esti.::.ating the bo::1e doses tc children. 

-'--"'"[ r}--' .. l - t :y 



The bone-marrow dose-rates to children are calc~:ate~ by cor::bining 

Bennett's model for children ·,:i th the apfrcach develo:red by Spier.s
21 

22 
and used in the u::sc:::: . .c.::l. reFort for estir...atir:g bone-::.3.rro·.: dcse frcm 

the ~ineral or ~atrix bone dose. The values used. for -::::mverting D 
0 

doses, to bo~e-~arrow and endosteal cell doses, are 0.31~ and 0.434 

respectively. Bennett's model also extra:;::.)la't.es to the a'.iult case and 

is co.n:bincd with the Spiers approach ::or r:red:i.ctir,g th~ b:n:e-Larrow 

doses to adults. 

The bone ::.ass i,s· assu:rr;e:i to ccrrelate ci.irectly ·,·ith bo:.y r::ass, and 

?l 
these data as a functio~ of age are taken fro~ Srier3.-- ~hese t:dy 

"'nf"•,.,·;=o~a}:ese. 'i'h· ,..~1c1"u""' c r !1""'·~..-.; '~ 1-,--,>'e (~"' ·..:. 'r--r:~'j a a ..... ___ • .1. t _c:. ·- ••• o.:ce. 1,,_:::..., ... :n -'-~' ~~-i t..'-c.16 ~..,.-:: s 
, ,,. 

fll:lcti::m of e.ge is ta}~en fr:.::i 3enriett. _o 

1 P. 

(:;:i dosc>) i:: ::-:J-1-'.:, th~ 
0 

apr.roach :if ICF2-- ·.,·as ::::.U:i·.:c:d, v.si:1f; a ~? = l ar;d r.. = 5. The doses 
--,~ 

1 1 t d .. th· . 1 .... 3 . . (I - P Ci).::.:i ca cu a e ~·r·~r.i ·, is ;:K:c.e are: cor::r'.ir·ed to ..,ee -re.r.::.'~:r guic.e C:c _, 

for bone for general FUblic. Eohever, in assessin; t~e ~~~ual dose to 

both children a."1.d adi.:.lts, the bone :::iarr~n·• is ta!\.en as ·~~e critical o::ga:i, 

?l· ., .,- r _.__._ are useci. 

In this r.od.el the qnality factor is still on<? (~ = 1), and t:1e "r:" 

factor is no longer arrlicable. '.:'he bo!1e r.·.e.rro ... ; :.s c:>:.s:.dered. i!! t.t:e 

category of sensitiv:= blooci-f:)rr::i:-:; organs, and the ccrres:p:ici.i:'.'lg ci.ose 

guide for such organs is 0.5 rem/yr rat~er than the 3 

mineral bone. 



l37cs - In the dose :r:ociel for 137cs, _it is assu:red that the loss of 

l37Cs frc~ the be~/ can be describeu as an exp0ner.tial less with a 

turnover ti~e that varies as a fun9tion 
10-14 

of age. ~he annual dose 

is calculated, al~ays taking into account the residual bod:r burden fro~ 

the previous year. Body r...ass as &. func-cion of age i3 take::-i fro~ Spiers. 21 

Initial dietar:r intakes are calculated ar:d d:Jses are rredicted, based 

upon the initial intake and the exponential loss of 137 Cs in the diet at 

a rate equal to the physical half-tir.e cf l37Cs. 

Diet - The die~ eor adults is that listed in the original rerort 

NV0-140. For children from a€es l thrcu~h 10, the ~ntake of coconut 

milk and cocc::rnt .r::eat is 6.:Jubled to 600 ard 2'.::0 g/ C.a.y, re::::ectively. 

These t~o rroducts are the ~est likely tc ts ccns~~ed i~ greater q~antity 

by childten than by adults. The rest of the diet for children is ass~Eed 

to be ~ne-half of the adult diet. 

At at;e 10, it is assu::--.<::j that the chil;i is en the f-.;.lj_ aiu:i.t C:.iet. 

Fror:i infcrr:-.ation available, this is a conservat.ive a.s::;u:·rti.:m in -ch::.t 

children are net usually consider2d to reach th~ avera~e adult i~take 

until age 14 or 15. Eowever, beca~se of the diet changes ~tich =ccur 

at 10 yi· (i.e., ~andanus, breadfruit, cocon-ut~ etc., which becor::e 

available) it is ccnvenient to use this poin~ for adjusti~; the child t~ 

the aduJ.t diet, and if anything, this adjust:::::nt pr::iduces a sligrr:2.:> 

qr-. 
conservative d:se esti:;ate for the: cl:ildren due to the hif;h "'"'ST cor.tent 

in the adult diet.. 



' 

5. Results 

The results of tl::e calculatians based urcn the r::odels described accYe 

and upon the diets listed in ;;>.'0-140 and altered for children as previously 

discussed, are listed L'1 Tables 1-8. The data are fresented as r::a.xil!r~~ 

annual bone-r.arrow and v:hole-b::idy d:ses. The livin;; :i:atterns are listeC: 

ai'ter Tables l a.'1j 6 :~or convenier.ce of reference; they are the same as 

those listed in l:V0-140. 

The annual doses for external expos~e and for food chain exposure 

from 137cs and 9°sr.are calculated :.'::r 70 yr, beginning at eitb-::r age 

l er age 20. The three different cc~;cnents c::ntritutin; to the dose 

produce a :::axi=·.;r:i dose at differe:rt ti::es. Trie exter!'lal. c::ir::..:;::nent, fer 

instar::ce, is n::~""<.2..::u:: at 1 yr and. decreases t!1ere=.::·~er ·.-:it!: tte :;.:!:ysico.2.. 
... .-...~ /',....., 

half'-li:f'e of _ _,'Cs a.'1d '-'-·co; th-? effective deca:r df:;:e~js en tbe ~articc;l~-1· 

fercenta~e cf each isoto:;::e in thi:: s::il. 

I::axi!:'J.n; c:::sa;e d.ere!1d.s u:;:::::-n <:het!'.ler C...'1 adult or ch:.ld is c::ns:i dered an,:: 

up::n v.·l:ether or n:it a diet chan;e is +; --==i 
V-···'- • 

and decrease~ exp2nentia.1J.y thereafter. The a..'1!Jual dose is thsn selec~ec 

The ::2.xi.::::'.1:::: a:-.w.'1t.:.al b;)r:e-::::arr::-.. : :i:ises are listed in Table 2. :'or tt.e 

case where no restrict:.::ms are p2.acec ur;~n the lcca.-::i:m o:~ agric'..12.t·...;r~ e:.c. 

source of the C.iet a_"1d no ~~dificatio!'l:: are wade for e>:terne..l g?~a en t~:e 

village island. Table 2 lists the results for the case wht:re n:i TestYict i:-.:-, 

lV-08 



are placed ui:on the diet but whe:re the villE:.;e islar.:i !":.as teen modified 

by plowing and graveling. Livi!"lg Pattern 1, ,,.;here the hor::e island and 

agriculture are on .:;outherr. islands, is the only livir.g rattern fer these 

two situati:ms ,,.,-here the total bo?"!e-:::-.arry..; dcises do exceed 50-~ of the 

FRC guide; in this insta.nc:e, it is less by a factor -:-f 5. All other 

living ratterns lea.:i to an annual dose which f::ir at least 1 yr, and in 

most cases several years, exceeds the FEC ~uide. 

The results also indicate that there i~ not a great dui.2. of differ·~r:ce 

bet,,.,-een the r::.·eC.ict.ed C~:ild and acult ::-2....".:i:::uJn a:J.nual C.:ises. This is duE: 

in part t::> the assuz.ed diets ::-: a:iults and chilC.ren a'!'ld the large 90sr 

and 137 Cs int ate via the i'2'."'d chains for such i:r;)du2~s as :;_c.!ldanus, 

breaC:.fruit, c::>conut, a."1d r:.eat. F:ir c::ic::mlt ::::iJJ: an::: 2oconut .::::eat, the 

until a;e lC the rest of the di~t'.:.rJ i:::.ak:: is ass·..i:::..:::i to ce ::ine-!:::.l:~ 

that ;)f the adt:.lts. 

an.5. breadfYuit are e;r:::'.m C!"l s:uther!'l islani.:: or:ly. .:..s a re.~t:.lt of this 

actiorc, three li-.1ing :;::.ttens fall '~ithin 5c•;; of the r?C Fc.tter::-is ..... , 

2, and 5. l·:hen panda.'!us, bread:~rt:.it, cocc::ut, and. te.cca a.Ye all c::mfi!'ied 

to southern islands, t~en Livine; Pattern 3 als~ fall3 ~ithi~ the guide 

(Table 4). If the total diet is confined to the sout.hern islands, then 

all living patter:is are ·.-:it.hin F?.C guiC.e, 3.:J.d the :i::::l~.' variation 2..r.:;:ri~ 

living patterns is the result cf the difference in external exposure for 

each of the situations (Table 5). For all the cases ~here there is & 

restriction on tte a:;ricultu:ce a::::: diet, it is assw:-=C. :.he ·:illae;: i3ler:d 

will be plo·,;ed and. gra·:ele:::. 



Similar results f;:-.r ·.-;h:>le-b:iiy exr:osurc: f:;r the :~our different 

agricultural si"tuatb::.s are pre::;c;ntei in Tables 6-18. With no 

restrictions on the diet, Living Patterns l, 2, and 5 are under FRC 

guides. '.l'h;;cre:::~ore, tte bcne-:::arr~,..., is tte ;:;:ire lirii ting feature. Wben 

the other aGric'...:.ltuYal c.::ndit1:-:ns arc used~ the livin::; f'3.".:.terns "'hich 

fall below ~he FRC guide are the sa=e as these for the b~ne-~arrow dose. 
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Table 1. · ~~axim.um annual bonemarrow dose (ren). 

No restrictions on diet 

Village island unnodif ied for external gamma 

Start Januarv 1974 St:?rt Januarv 1984 
.... a b Living Pattern Child "" Adult Child Adult 

1 0.047 0.045 0.047 0.043 

2 0.314 0.294 0.282 0.290 

3 0.790 0.760 0.759 0.754 

4 z.:21 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 Vi~itation 

1 (A} [ne,~·etak-Pa rry ALVI:\-KEITH Southern Is. 

2 (B) Ene"·e tak- Parry K...\ TE- \\.I DL-\ + LEROY :\orthern I s . 

3 (D) JANET JA:'\ET Northern ls. 

4 (F) BELLE BELLE Northern Is. 

5 (C) JA.'\ET KATE -1\'I L'!A + LEROY Northern I s . 

6 (E) JA'-;ET ALICE-IRE~[ Northern Is . 

a Diet change at 10 yr:, i.e., 1984. 

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



Table 2. Maxinum annual bonernarroK dose (rem). 

No restrictions on diet 

Village island graveled and plowed 

Start Januarv 1974 Start Januarz 1984 

Living Pattern Child a Adult a Child b Adult 

1 0.047 0.045 0.047 0.043 

2 0.314 0.294 0.282 0.290 

3 0.718 0.677 0.680 0.672 

4 2.08 1. 92 1. 93 1.90 

5 0.317 0.300 0.285 0.296 

6 1. 06 0.989 0.988 0.977 

Table 3. Maxinum annual bonenarroK dose (rem). 

Peindai!us a.nu bredd.irui L i rum soui:i1ern islancis 

Village island graveled and plowed 

Start J anu2. r \' 19 7 4 Start Januarv 19 s .+ 

Living Pattern Child a Adult a Child b 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 

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

b Diet change at 10 i.e. , 1994. yr. ' 
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r Table 4. ~taxir.m .. '1 annual boneT'.'larroK dose (rem). 

Pandanus, breadfruit, coconut, tacca from southern islands 

Village island graveled and ploKed 

Start Januarv 1974 Start January 1984 

Living Pattern Child a Adult a Childb Adult 

1 0.047 0.045 0. 017 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 

s 0.121 0.135 0.094 0.106 

6 o'. 253 0.354 0.202 0.254 

Table S. Maxicu~ annual b~nc~arroK dose (rcrn). 

Total diet frorn southern islar-d~ 

Village island graveled and ploKed 

Start January 1 Q - , ..... - , .., Start J2nu~r:~ } 9 s .l 

Living Pattern Child a Adult a Child b 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. 21::> 0.123 0.134 

a Diet change at 10 i.e. , 1984. yr. ' 
b Diet change at 10 yr. ' i.e. ' 1994. 

~v-1r· j • . • - -
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Living Pattern 

1 

2 

3 

4 

5 

6 

Livir~g Pattern 

(A) 

2 (B) 

3 (D) 

4 (F} 

5 (C} 

6 (E) 

a 

Table 6. Maximu.-TTI annual whole- body dose (rem}. 

No restrictions on diet 

Village island unmodified for external gamma 

Start January 1974 

Childa Adult a 

Start Jam:ary 1984 
b 

Child Adult 

0.039 0.039 0.038 0.039 

0.234 0.236 0.200 0.233 

o. 619 0.630 0. 531 0.628 

1. 81 ' 1. 80 1. 54 1. 79 

0.285 0. 291 0.252 0.291 

0.798 0. 812 0.674 0.802 

----------

Villace island Agriculture Vis i ta ti or, 

Enewetak-Parry ALVIN-KEITH Souther12 ls. 

Enewctak- Parry KA TE- \'!IL\:_.; -~ LEROY Northern Is. 

JANET JA?\ET Northern ls. 

BELLE BELLE Northerr~ Is. 

JANET KATE- 1.VILlvlA T LEROY l\ or the rn ls. 

JANET ALICE-IRE:\E Northern Is. 

Diet change at 10 yr., i.e., 198-L 

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



Living Pattern 

1 

2 

3 

4 

5 

6 

Table 7. 1v!aximum annual whole-body dose (rem). 

No restrictio11s on diet 

Village island graveled and plowed 

Start J2.nuarv 197-i 

Child a Adult a 

0.039 0.039 

0.234 0.236 

0.540 0.542 

1. 56 1. 55 

0. 23'7 O. 2·U 

0.749 o. 761 

Start J anuar\· 198-1-

Child b Adult 

0.039 0.038 

0.200 0.233 

0.452 o. 540 

l. 30 l. 55 

o. 20-1 0. 2-tO 

0. 631 o. 757 

Table 8. 1v1aximurr: annual whole-body close (rern). 

Pandanus and breadfruit fr0m soutbcn1 islancis 

Village island gro.veled and piowec 

Start Januan· 107 ~ Start Jan~:2.n· 1°S..,i 

Living Pattern .Child a . a 
Adult Child b '.Adult 

1 ·0. 039 -0. 039 .0. 0 39 .0. 038 

2 0. 125 0.128 ·o. 146 ·o. i 21 

3 0. 245 0.252 0.304 0. 2-±9 

4 0.662 0.663 0.846 0.656 

5 . 0. 128 o. 133 0.149 0.132 

6 o. 350 0. 367 0.430 0. 36 3 
aD. . 

iet cnange at 10 yr., i.e., 198.;, 
b 

Diet change at 10 ""'r., i· e 199.! - J • • • 4. 
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r "'l:!e 9. 1'fr .. xh.0um anm.l2l whole-body dose (rcr.-.). 
\ 

Pancianu;:., 0 adfruit, coconut, and tacca from southern islands 

Village island grave lea and plowed 

Start Januarv 1974 Start Januarv 198..; 

Living Pattern Child a 
a Ch~' r, b Adult .LJ..\. ... Aciult 

1 0.040 0.039 0.039 0.039 

2 o. 091 0.122 0.078 0.093 

3 0.146 0. 187 o. 11 9 0. 151 

4 0.357 0.475 0.280 0,355 

5 o. 093· 0. 127 0.080 0.098 

6 0.246 0. 328 o. 160 0. 2-H 

Table lC. Maxirr.urr, anr:ual '"-·hole-bociy dose {rem.). 

Total diet from southern islc:.nds 

Viilagc island gr2seled and plo'.'Jed 

Start Januc..n 197-± 

Living Pattern Child a , a 
Ao ult 

b 
Child Ad-..:H 

1 0.040 0.039 0.03? 0.039 

2 0.090 0.083 0.065 0.066 

3 0.087 0.097 0.070 o. o 1e: 
4 0.192 0. 191 o. 126 0. l 2o 

5 0.089 0.094 0.066 o. 071 

6 0. 182 0. 211 o. 116 0. 131 

aDiet change at 10 yr. , i. e. , 1984. 

b 
Diet change c..t 10 ~rr,, i. e,, 1994. 
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