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INTRODUCTION

The Enewetak people were relocated to Ujelang Atoll in 1948 so

that the United States could conduct part of its nuclear testing program

at Enewetak Atoll. In 1972, at the request of the Enewetak Council, the

U.S. Government began the process of returning Enewetak Atoll to the

Enewetak people. A part of the U.S. Government's responsibility was to

determine the radiological status of the atoll end to estimate the radio-

logical doses as a consequence.of resettlement. Therefore, a

preliminary survey was conducted from October 1972 through February 7,

1973. The results of this survey and the associated assessment were

published in late 1973.!

The general conclusions from that survey were: (1) the terres-

trial food chain presented the greatest source of potential dose to a

returning population, (2) !3’cs and 99Sr were the most significant

radionuclides over the next few decades, (3) living patterns involving

the northern half of the atoll would result in rediation exposure that

would exceed U.S. Federal Guidelines--the southerm hali of the atoll

presented no problem for either residence or agriculture, and (4) the

transuranic isotopes presented a long term source of expusure in the

northern and eastern regions of the atoll.

Since that initial radiological survey wore data were accumulated

concerning the concentration and uptake of the radionuclides into the

terrestrial and marine food chains. In addition, new data were

developed for external ganma exposures and soil radionuclide

i
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concentrations subsequent to those cleanup efforts directed toward scrap

removal and soil removal from areas of highest transuranic soil

concentrations begun in 1977,

The purpose of this report, as a result of now having more data

available, is to refine the dose predictions for alternate living

patterns proposed for the resettlement of Enewetak Atoll.

For many reasons:the time frame for developing the assessment of

the alternate living patterns based on all of these new data were quite

short. Initial requests for the assessment by May 1979 were impossibdle

to meet because time to collect and analyze the samples and evaluate the

data exceeded the time allotted. Extension to July 1979, made a new

assessment possible but required some compromises to meet the deadline.

For example, the programs to develop ‘better concentration and

uptake data in subsistence foods were began on Enewetak Atoll in August

1975 and on, Bikini Atoll in August 1977. Samples from these projects

which involved planting and harvesting the subsistence food crops, have

only become available in the past year and a half, and the data base for

each subsistence crop is not és complete as it will be within the next

year or two. Studies of the marine environment and ground water have

been continuing since 1974,

The program to determine the concentration of \37e— and 205,

in the soil and the external gamma exposure was begun in February 1979,

at the conclusion of the cleanup activities at the atoll. Starting in

February 1979, soil samples were collected in a 50-m grid on all of the

northern islands at Enewetak Atoll. However because of time and budget

restrictions, only samples on a 100-m grid were analyzed for 20s; and
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137¢5; these samples form the basis for evaluating the terrestrial arae i ogL

food chain. We would prefer that the entire potential data base were

available, but as a result of the time constraints we are basing the

assessment on the 100-m grid data. We are currently evaluating the data

on ‘the distribution and ranges of the soil radionuclide concentration for

each of the islands to determine whether analysis of the other samples

will be necessary. .

In addition, only external gamma data are available for the

islands in the northwest quadrant of the atoll, i.e., Bokoluo (Alice),

Bokambako (Belle), Kiruna (Clara), Louj (Daisy), Bokinwotme (Edna}, and

“Boken (Irene) and Runit (Yvonne) Island on the eastern side of the atoll

(Fig. 1). Soil samples are now being analyzed for. these islands, but

evaluating the data and subsequent assessments will be done later.

However, these islands are not included as residence or agriculture

islands in any of the resettlement options described in the

rehabilitation plans.

241,Data ere still unevailable for the u concentrétion in the

24}soil on the islands. We, therefore, used Pu soil data collected in

our test plot on Enjebi (Jenet) Island to determine the "grow-in" of

24) ae, the daughter product of 241 bu. We extrapolated the observed

2415/24) am ratio from Enjebi (Jancl) Isiand to the rest of the

islands at the atoll to develop an initial evaluation of the impact of

241 any “srow-in" from 241 py, However, we know the ratio will vary at

the atoll and this analysis only serves to indicate the relative

‘ magnitude of 241 py in the dose assessment.

In addition there has been insufficient time to adequately evalu-

ate the diet survey and to develop an evaluation of the distribution and

uncertainty of the final dose estimates.
, 3.
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DATA BASES

 

The exposure pathways for persons resettling Enewetak Atoll con-

sist of two major categories: (1) external exposure and (2) internal

exposure.

The specific pathways in each of these categories are:

(1) External Exposure

a. Natural background

b. Man-made gemme and beta

(2) Internal Exposure

a. Radionuclides in terrestrial foods

b. Radionuclides in marine foods

c. Radionuclides in drinking water

d. Radionuclides inholed

The natural background et the atoll is 3.5 4 per hour and

results primarily from cosmic radiation. The natural background is not

included in the doses presented in this paper.

External Exposure - In Situ Measurements

137External exposure rates for Cs and 6965, as well as the

surface (0 to 3 cm) concentration values for 24] Am, were obtained from

in situ measurements performed by EG&G, Inc., as part of the Enewetak

Cleanup Project and can be found in Reference 2. A draft copy of the

detailed description of the systems and procedures employed in the in

situ measurements is included with this report (Appendix A). These

measurements were obtained utilizing a planar, high purity, germanium

M501 1683
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(HPGe) detector having a surface area of 19 em? and a thickness of

1.6 cm. The detector was suspended from a retractable pneumatic boom

740 cm above ground. The boom was mounted to the rear of the Thiokol

IMP - a small, lightweight, tracked vehicle--modified and equipped to be

a fully self-contained, mobile, data-acquisition and reduction system.

Quantitative data can be obtained from in situ measurement by

combining a theoretical calculation of the flux at the detector as a

function of source and source distribution with an experimental cali-

bration of the detector response to a given incident flux. The un-

scattered flux of game rays of energy E at a height h above a smooth

-alr-ground interface resulting from en emitter distributed in the soil

(Fig. 2) is given by:

« a S exp [-(u_h sec 6 + 2% sece )7
a

PL go 2> rdrdz, (1) 

47 (h sece + 2 sec 6)?

where

photons), ang
S, = the source activity per unit volune (

. Cm Sec

Va, ¥o = the air and soil tetal lineéar attenuetion

coefficients (cn!).

This expression assumes a source distribution that varies only with

depth. For fallout activity the distribution after a period of time can

be reasonably approximated by an exponentia] distribution given by

s = sf «7% (2)



where

 

oO vs . s :
sy = the activity per unit volume at the surface Eatans , and

cm sec

a = the reciprocal of the relaxation length (cm7!).

The detector response to a given flux of gamma rays of energy E,

incident at an angle , can be given in terms of an effective detector

area, A, defined by

N

Aza. (3)

The effective area, in general, varics as a function of the gamma

ray angle of incidence and is normally written as

A= AR(E), (4)

, where

Ay = the detector photopeak-count-rate for a unit flux incident

perpendicular to the detector face aan » and

y /cm” - sec

R(@) = the ratio of tne detector response at an angle to that

at © = 0°,

Both A, and R(:) are determined experimentally as a function of

energy; calibrated reference sources are used with the detector mountce

in its standard field configuration.

Wa soiiiss



If Eqs. 1, 2, and 4 are combined into the form of Eq. 3, a rela-

tionship between the net photopeak count rate and the source activity

within the soil will result. In addition, if the appropriate detector

calibration results are inserted with the appropriate parameters for a

given source distribution and the required numerical integration is

performed, the desired conversion factor is produced. The conversion

3
° : . . . Yfem -sec

factor, S/NP, as determined above is in units of aera For a

specific radionuclide the results can also be given in terms of total

activity per unit area, Sos using

0

sa soeae (5)2 “f 8 e zea

oO

Another useful conversion factor relates the net photopeak count

rate to the average concentration in a given layer of soil. The average

concentration per unit volume in the top z centimeters, $7, 1s given by

st = + gse edz (6)
Vv zZ Vv

Cat
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Once the conversion factor relating the net photopeak counts,

. ; oa .
Np, to the activity per unit volume at the surface, sy is obtained for a

source distribution, Eqs. 5 and 6 can be used to arrive at the corre-

sponding conversion factor for the total activity per unit area S,, andA?

for the average activity per unit volume in the top Z centimeters, sé,

By dividing the 54 by the soil density, in ¢ per cm’, the results can be

expressed in units of activity per unit mass.

Table ] shows the conversion factors for 137¢¢ obtained for the

Enewetak system for several different depth distributions. Also shown

in the last column are the corresponding conversion factors for total

external exposure rate, in R/h, at the 1 meter level. These results

were obtained directly from the total activity per unit area conversion

factors using data given by Beck, et al.394

Various assumptions must be made to derive these conversion

factors.4:3 The most Significant assumption is made for the depth

distribution. In general, it is very desirable to perform field meas-

urements to establish the source distribution with depth, and thus, also

allow for a direct measurement of the soil density. In @ situation

where the depth distribution varies significantly from point to point

within 2 given area, as on many islands at Enewetak, it is necessary to

obtain, or assume, an.average depth distribution. For the northern

islands at Enewetak, previous data (1) indicate that the average depth

. distribution for !3’cs has a relaxation length on the order of 10 to

15 cm. In using the data given in Table 1, a reasonable first approach

would be to take the average of the values given for a 10 cm and for a

15 cm relaxation length. More precise data can be obtained for any

Ziven area if the depth distribution is better known.

- 8-
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oy is ay.if the”Although a knowledge of the depth distribution may be critical

when using in situ measurement techniques to determine concentration

values, this is not the case if these techniques are used to determine

external exposure for rate values. The exposure rate conversion factors

(last column, Table 1) are relatively insensitive to rather large varia-

tions or uncertainties in the depth distribution. Comparisons made be-

tween exposure rate values determined using in situ techniques with those

obtained with a pressurized ionization chamber are in general quite good

(see, for example, Beels, et al. (4) Table 21).

The conversion factor used for 13’cs was 3.6 R/h per cps.

Concentration values may be obtained from the exposure rate values by

multiplying the appropriate ratio of the conversion factors given in

Table 1. For 60¢5, a conversion factor of 20.5 R/h per cps can be

used with the 1173 keV peak or 22.3 R/h per cps with the 1333 keV

peak. In principle, either of these peaks could be used to determine

the total exposure rate resulting from 0c; both should lead to the

same result. In practice, however, some measurements were slightly

different in the two results. In these cases the average valuc was used.

The minimum detectable activity (MDA) for the in situ results was

set at the 30 level where sigma equals the square root of the sum of the

net photopeak counts plus twice the background counts. Because the MDA

is a function of the background under a given photopeak, which varies

from location to location, there is no unique number for the MDA for any

given isotope. The actual value for a specific isotope varies slightly

from location to location, and the values of 0.5 pCi/g for 241 an, 0.2

R/h for 137¢5, and 0.5 R/h for 60co used in the present report

represent the worst-case situation as actually encountered at Enewetak.

~ 9 -
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In Appendix A there is a draft report by EG G on the calibra- IuSXt-du J

tion and measurement methodology for in situ determination of 241 am at

Enewetak Atoll. This draft report will be expanded to include 137¢,

and 60¢5, although the methodologies are very similar.

With the exceptions of Bokinwotme (Edna), Taiwel (Percy), and

Lujor (Pearl), IMP measurements of 13’¢s, 69¢9, and 24lam were

reported by the Desert Research Institute (DRI) for the islands Bokolu

(Alice) through Billae (Wilma). IMP measurements of Bokinwotme (Edna)

and Taiwel (Percy) are not currently planned and those on Lujor (Pearl)

are not complete. In Tables 2 and 3, the average external exposure

rates are sumaerized in R per h for 1376, and 0c, respectively.

Average surface soil concentrations, in pCi/g, for 241a are summarized

in Table 4. Two types of mean results are presentec in each table--those

computed with the actual measurement results

and those computed by substituting the appropriate MDA value for all

measurement results less than the MDA. Where no measurement results

were less than the appropriate MDA, the latter type of mean is not

computed. MDA values used in the mean calculations were provided to DRI

by EG&G and are single valued over the entire atoll. Results for

Bokaidrikdrik (Helen) appear as the Boken (Irene) sand spit entries,

because the sand Spit is all of Bokaidrikdrik (Helen) that remains.

Mean results for the quadrants of Enjebi (Janet) reflect the following

allocations of the baseline data: north baseline to the northeast

quadrant, east baseline to the southeast quadrant, south baseline and

benchmark (point 0,0) to the southwest quadrant, and west baseline to the

-10-
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northwest quadrant. West tip of Aomon (Sally) entries reflect results

for the land mass created between Eleleron (Ruby) and Aomon (Sally) by

the Pacific Area Createring Experiment (PACE) tests. Results for Lojwa

(Ursula) are preliminary. With the exception of the Biliae (Wilma)

606 results, the percent difference between the two types of means

for a given island and isotope does not exceed 16 percent. In fact, for

the most part it is less. than 7 percent. The Billae (Wilma) 60¢5

means reflect the difference expected when a Significant number of the

measurement results are less than the MDA and the maximum observed is

not significantly higher.

| In our calculations of the external dose due to }3’cs and

6065, we have used the meen values based on the actuel measurement

results for the islands Enjebi (Janet) through Billae (Wilma). For

Aomon (Sally) we have weighted the mean results for Aomon (Sally) and

Aomon (Sally) west tip according to their respective areas: approxi-

mately 40 hectares for Aomon (Sally) and approximately 3.4 hectares for

Aomon (Sally) west tip. .In the case of the southem islands, Jinedrol

(Alvin) through Kidrenen (Keith), we have used the results reported in

reference 1 (pg. 501): 0.2 R/éh for M37es and 0.1 R/h for 606,,

Decayed from 1973 to 1979, the externel exposure rates for 137o5 and

606 among the southern islands are currently estimated at 0,174 and

0.0454 R/h, respectively. To convert from exposure rates to dose

rates, a factor of 6.24 mrem/y per uR/h was used.

Beta doses have been measured on Enjebi (Janet) Island and

Bokombako (Belle) Island at Enewetak Atoll.? The measurements were

made at 1 meter height using thermoluminescent Dosimeters (TLD's) with
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varying thickness of aluminium absorbers. The "shallow doses" 7" /4 so i4

calculated for Enjebi (Janet) Island are approximately 1.] rem in 30 y

and for the southern islands the dose is 0.0l/rem in 30 y. This

"shallow dose" is received primarily by the surface layers of skin (1 cm

deep); deep doses from the external beta to organs such as gonads, bone

and basal cells in the skin are less than 1] mrem in 30 y. The shallow

dose contribution from the beta emitters cannot be summed with the bone

and wholebody doses presented in this paper; if surface skin doses were

to be considered independently then the "shallow dose" from the beta

emitters should be included. Because the beta particles have a short

and defined range any absorbing materials present, such as gravel

buildings or clothing, will greatly reduce the externel dose from beta

emitters.

Inhalation Calculations

Respirable 293+240p. ang 24lan are calculated using data

developed in resuspension experiments conéucted at Enewetak Atoll in

February 1977 and Bikini Atoli in May 1978. A brief description of the

methodology is given here but more detail and discussion can be found in

"a paper currently in press.°

The study conducted on Bikini Island in May 1978 provided a more

complete set of data, following our preliminary studies on Enjebi

(Janet) Island of Enewetak Atoll in February 1977. (Subsequent studies

were conducted on Eneu Isiand of Bikini Atoll.) The Bikini Island study

utilized extensive soil sampling and in situ ganma spectroscopy to

determine isotope levels in soil and vegetation, various air sampling

I011b491



devices to determine particle size distribution and radioactivity, and

 

micrometeorological techniques to determine aerosol fluxes. Four

simultaneous experiments were conducted: (1) a characterization of the

normal (background) suspended aerosols and the contributions from sea

spray off the windward beach leeward across the island, (2) a study of

resuspension of radionuclides from a field purposely laid bare by bull-

dozers as a worst-case candition, (3) a study of resuspension of radio-

active particles by vehicular and foot traffic, and (4) a study of

personal inhalation exposure using small dosimeters carried by volunteers

during their daily routines. Less complete studies similar to (1) and

(2) had been performed previously on Enjebi (Janet) and background

studies similar to (1) were performed later on Eneu.

The “normal or background" mass loading measured by

gravimetric methods for both atolls is approximately 55 we/m3, The

Bikini experiments show that 34,¢/m? of this total is due to sea-salt

which is present across the entire island as a result of ocean, reef,

and wind actions. The mass loading due to terrestrial origins is

therefore about 2lie/m>. The highest terrestria! mass loading

observed was 136.2/n immediately after bulldozing.

£ 23942405, have been determined forConcentrations o

collected aerosols for normal ground cover and conditions, i.e. ‘normal

conditions'', in coconut groves, for arezs being cleared by bulldozers

and being tilled, i.e. "high activity conditions," and for stabilized

bare soil, i.e., the cleared areas after a few days weathering. The

plutonium concentration in the collected aerosols changes relative to

the plutonium surface soil concentration for the various situations. We

esTREE,



have defined an enhancement factor (EF) as the 239+240p, concentration

in the collected aerosol mass divided by the 239+240p,, surface soil

(0-5 em) concentration.

The EF obtained from standard Hi Vols for normal conditions

is less than 1; the EF for the worst case, high activity conditions is

3.1. Table 5 gives a summary of the observed EF at Bikini and Enewetak

Atolls. ;

The EF of less than 1 (EF<1) for Hi Vol data for the nornal

open air conditions is apparently the result of selective particle

resuspension in which the resuspended particles have a different

‘plutonium concentration than is observed in the total 0-5 em soil

sample; in other words the particle size and density and the

corresponding radionuclide concentration is different for the normally

resuspended material than for the total 0-5 cm soil sample. In

addition, approximately 10 percent of the mass observed on the filter is

organic which we know has a much lower Pu concentration then the soil.

Similarly the enhancement factor of 3.1 for high activity conditions

results from the increased resuspension of particle sizes with higher

plutonium concentration than observed in the total O-5 cm soil sampic.

We have developed additional enhancement factors (PDE) from

personal dosimeter data. These data are normalized to the Hi Vol ceta

for a particular condition and represent that enhancement that occurs

around an individual due to his daily activities (different from the

open air measurement made with the Hi Vols). These data are also

summarized in Table 5. The total enhancement used to estimate the

amount of respired Pu is the combination the Hi Vol and personal

a. 5011693
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dosimeter values. The effective enhancement used for normal conditions.’ \
wey tik Lt

is = 1.54 and for high activity conditions is 2.9.

In the scenario adopted to carry out the calculations we

assume that a person spends 5 h a day in high activity conditions and

19 h a day under normal conditions. Finally a breathing rate of 20 m>

per day and the surface soil concentration (0-5 cm) for each island is

used to complete the calculation for Pu and Am intake via inhalation.

The Am concentrations in the surface soil were measured by high resolu-

tion ganma spectroscopy (Appendices A and B). The Pu concentrations were

estimated by using the conversion ratio (239+240py/24lan) developed

in the soil sampling program and listed in Table 6. Example calculations

are provided in Appendix E.

The dose code is run assuming a pulmonary deposition of 0.3.

This we feel is conservative from a dose assessment point of view at

this time because preliminary analysis of the particle size distribution

for both normal and high activity conditions at Bikini Atoll indicate

that the pulmonary deposition would be less than 0.3 (Table 5).

The dose contribution from the inhalation pathway is a major

source of exposure to the transuranic radionuclides but is a minor

contribution to the total predicted doses over the next several decades.

Drinking Water

The drinking water pathway contributes a very small portion of

the total dose received via all pathways. 71849 However, we have

included an evaluation of this pathway to demonstrate its relative

contribution and to complete the assessment of all] major pathways.

5011694
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water pathway are listed in Tables 7, 8 and 9. The preferred and most

often used water is cistern water; however, well water is used when

dought conditions exist. In addition to drinking water the Marshallese

drink considerable quantities of coffee and "Kool~Aid (Malalo}" for

which they again primarily use the cisterm water. The total fluid

intake involving the use of cistern water and well water was determined

to be approximately one liter per day in the Ujelang Diet Survey

(Appendix C).

Terrestrial Foods

Soil Radionuclide Concentrations. The soil sampling program was
 

begun in February of 1979 at Enewetak Atoll. This progrem was conducted

by the Department of Energy (DOE) Nevada Operations Office (NVOO) with

technical direction from Lawrence Livermore Laboratory (LLL). A 50

meter grid was established on each of the islands Bokoluo (Alice)

through Billae (Wilma), i.e., the northwest through the northeast and

east side of the atoll. Soil profile samples were collected at each

50 m grid point.

All sOll profile samples were collected over the following

increments: 0-5 cm, 5-10 em, 10-15 cm, 15-25 cm, 25-40 cm, and 40-60

cm. We have found that 40 cm depth encompasses most of the active root

zone of the subsistence crops which we have observed in the northern

Marshall Islands. A trench was dug at each 50 m grid point with a

backhoe and samples were collected down the sidewall of the trench.

~ 16 -
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Subsequent to scraping the sidewall to avoid any possible contamination 7” 4 AdeAL ,
Sed d

from the digging process. The 0-5 cm sample was collected froma .

surface area about 25 cm on a side. The area was then expanded by about

10 cm on each side and cleared to a depth of 5 cm. The upper surface

(1-2 cm) of this enlarged area (35 cm x 35 cm) was then cleared to

ensure that no surface soil, or soil from a preceding increment, had

fallen onto the next increment to be sampled. The next sample was then

taken from the entire depth of the increment (i.e., 5-10 cm) from an

area about 25 cm square within the enlarged region (35 cm x 35 ecm).

This procedure was repeated until the final increment of 40-60 cm had

‘been collected. A total of approximately 500-900 ¢ of soil was collected

for each profile increment.

The soil samples were dried, screened, and ball milled into a

fine powder. Samples were then analyzed by gamaa spectroscopy to deter-

mine the !37cs concentration and by wet chemistry procedures to deter-

mine the concentration of 2%sr and in some cases 239+240p,, | 24) gs

and 241 py, Gamma spectroscopy of the soil samples for 137¢— was

accomplished using Nal Crystals and high resolution, solid state germa-

nium diode systems. Strontium - 90, 239+240p,, 24) ag, and 241 py

were analyzed by current state of the art wet chemistry procedures by

Eberline Corporation.

The radionuclide concentration for the profile for 0-5 cn,

0-10 cm, 0-15 cm, 0-25 cm, 0-40 cm, and 0-60 cm, were calculated using

equal weights for each 5 cm increment. The island average for each

“depth profile (i.e., 0-5 cm, 0-25 cm; 0-40 cm, etc.) were calculated by

averaging the results for each profile taken on the island. The results

are summarized in Appendix G.
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Concentration Ratios. Very few locally grown crops are i

avail- able at Enewetak Atoll. The test plots established on Enjebi

(Janet) Island have provided data for that island; other than these test

plots, the available trees are limited to one or two isolated trees on

four or five islands in the northerm section of the atoll. Coconut

trees are available in the southern half of the atoll but the

radionuclide concentrations are very low and it is difficult to develop

reliable data.

As a result of the scarcity of locally grow foods at Enewetak

which can be directly analyzed, we have developed concentration ratios

between food products and soil (pCi/g wet weight in food/pCi/g dry

weight in soil) for each radionuclide, using data obtained from our test

plots on Enewetak and Bikini Atoils, from the coconut trees on Bikini

Atoll which are now producing fruit, and from the few isolated trees on

4 islands at Enewetak Atoll. The mean, standard deviation, median and

the high and low values for the concentration ratios developed from

“samples collected through November 1978 are listed in Tables 10-13 fer

1376.) 90s,, 23942405, and for 241 poy respectively. The

concentration ratios are developed from soil profiles taken to a depth

of 40 cm through the root zone of the plants being sampled. This depth

is used because from our observations thig depth encompasses most of the

root zone of the subsistence plants we have looked at on Enewetak anc

Bikini Atoll. A report on the root activity (10) of large mature

coconut and banana trees showed most of the activity in the 0-60 cm

depth which is consistent with our observations of the physical location

a



of the root zone. The depth which included most all of the root

activity varied by age and by species but supports our use of the 0-40

cm profile depth for developing the concentration ratios.

Food Concentration. As a result of the paucity of available

food products which can be directly analyzed to determine the radio-

nuclide concentrations in locally grown foods at the atoll, we have pre-

dicted the radionuclide concentrations in foods for each island by

multiplying the average island soil concentrations for the 0-40 cm depth

as discussed above by the concentration ratios developed for the 0-40 cm

profile as discussed in "Concentration Ratios". These predicted

radionuclide concentrations in foods are then used in conjunction with

the diets and dose models to develop the dose assessment for alternate

living

patterns.

Marine Foods

The concentrations in marine fish, shellfish, and invertebrates

are listed in Table 14 along with the source of data. Much of the data

were abstracted from the 1973 Radiological Survey Report. ! The

2394240), and 24lan data are recently developed by V. E. Noshkin and

are lower than previously published values; these fish data, when

compared with the corresponding atoll lagoon water concentrations, are

more in line with other published concentration ratios (pCi/g in

fish/pCi/g in water). The previously published transuranic data are

anomalous and we feel the current data are based on reliable collection

and analytical methods and they are therefore used in this evaluation.

Other assumptions have been identified in the foot notes of the table.

- 19 -
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The diet used in this dose assessment was recently developed from

a survey conducted of the Enewetak people on Ujelang Atoll by the

Microesian Legal Service (MLS). The field notes from Mr. Michael

Pritchard, who conducted the survey for MLS, are attached in Appendix C

along with a sample questionnaire. A detailed summary by LLL on that

survey is also included -in Appendix C. -

The school teacher on Ujelang Atoll joined Mr. Pritchard and MLS

staff in conducting the survey. Approximately 25 percent of the Ujelang

population were interviewed. The breakdown by age group was:

36 Adult males

36 Adult females

19 12 through 17 y of age

37 4 through 11 y of age

16 O through 3 y of age

A total of 144 persons were interviewed with 2 females declining to

complete the dietary questionaire.

Some people were away from the atoll at the time of the interview

and so selection was limited to those households where several people

were available. The households were selected at random from the

available pool with constraints to meet the goals outlined in Chart 2 of

Appendix C.

Throughout our discussions of diet and estimated dose, three

expressions are used extensively: normal conditions, famine conditions,

and subsistence foods. Normal conditions are those existing within a

- 20 -
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month of a recent field ship. Famine conditions imply a complete ie et wil

absence of outside or imported foods. Both conditions were defined by

Pritchard for the Ujelang diet survey and have been retained by LLL.

Subsistence foods are an LLL expression for the locally grown foods of

the Ujelang Survey. Under normal conditions, imported foods are pre-

ferred over local subsistence food items. During famine conditions

subsistence foods are the only source of dietary intake assumed.

Data on the dietary preferences of the Enewetak people were pro-

vided to LLL in three parts: (1) Household Survey results for the

Ujelang/Japtan population, (2) individual Medical and Diet Survey (IMD)

results for 144 persons, and (3) a memorandum from Michael Pritchard

(Micronesian Legal Service) - Subject: Report and Field Notes on Ujelang

Food Survey, April 22 to May 9, 1979. This report, with minor editing

for style but with content unchanged, is attached in Appendix C.

Accord- ing to Pritchard, "the household survey met three major needs:

it pro- vided in descriptive fashion an account of the eating habits for

the entire population of Ujelans; it provided deta on certain special

diets for certain types of individuals such as pregnant women; and

served 6S a census document for locating individuals for the ID

survey.'' The completed IMD questionnaires provided, when known, each

surveyed individuals name, age, sex, height, weight, sickness frequency,

prior medical treatment, x-ray history, radiation therapy history,

parental data, and preference for various subsistence and imported foods

under both normal and famine conditions. Consumed quantities of each

food item preferred were expressed in 12 oz beverage can volume

equivalents per day, week, and monti. Pritchard's memorandum provided

a 90/1100



insight into such things as the overall survey procedure, the estimated

uncertainties in some reported values, the preferences in preparation

and consumption of many food items, and the can conversion data (grams

of food per 12 oz can) for some food items.

In the time available, LLL has used the dietary results of the

IMD questionnaires to determine the mean intakes in grams/day of

subsistence and imported:foods under both normal and famine conditions

for adult males, adult females, and children in the 0 through 3, 4

through 11, and 12 through 17 year ranges. However, before presenting

the results for mean intakes, a brief description of the procedure is in

order.

Initially, we examined each questionnaire to determine the total

number of individual food items indicated as preferred. Once this was

done, we established a standard computer card format for all the food

items and then transferred each individuals monthly dietary preferences

to cards. Where an individual showed no preference (response) for a

specific food item, a blank field appears on the card. In those cases

where an individuél showed a preference for a specific organ of domestic

meat (pork) or poultry (chicken), they have been so recorded. However,

in those cases where more than one organ was preferred, but no relative

preference piven, we have arbitrarily recorded them under the liver.

Concurrently, we developed the can conversion data necessary to

convert the 12 oz cans/month into grams/day. The methods used to

determine these conversions were many and varied. In some cases, 12 oz

cans were packed with the specific food item and weighed; in others, the

5011107
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weights for canned or packaged foods were used. In still others, like oer

“Me? 4
some marine foods, densities in grams/cc were computed and used for the fFAN
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conversion. Some assumptions were also made where a specific food item gr 7%,

was unavallable. Tables 15 and 16 summarize the can conversion data we

developed for the subsistence and imported foods, respectively. In each

table, the foods have been grouped under the major categories we will

eventually refer to in our dietary means. We have included the results

reported by Pritchard, were appropriate; and have made liberal use of

footnotes to clarify the sources of data. In terms of accuracy, our can

conversion data has some limitations. First, we were not able to obtain

“samples of all foods. Second, our data for fish, shellfish, clams,

crabs, octopus, turtle, domestic meat, and wild birds is raw weight,

whereas, the majority of these foods are only consumed after some form of

cooking. Third, we have assumed an average for raw and scrambled eggs

Since Pritchard reports that bird eggs are “usually eaten scrambled,"

chicken eggs are not described, and turtle eggs are "usually eaten raw or

scrambled.'' Fourth, pumpkin, and undoubtedly squash,is consumed cooked

rather than uncooked. Fifth, there may be other foods that are consumed

in a form different than we reported. Finally, the differences between

the LLL and Pritchard values for a specific food item could reflect

differences in food form (e.g., raw or cookec), can packing, or both. To

be more precise in the can conversion data would require detailed

weighing of each food item in the form consumed by the Enewetak people.

The final step in our procedure was analyses of the data with a

computer code specifically developed for that purpose. For each specific

food item and major category identified, the mean intake, standard

deviation, high intake, low intake, and proportion of nonzeroes in the

sample (NO /N) were determined. Likewise for the total diet.
: - 23 - |
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Tables 17 through 21 summarize our dietary intake results for oy
a

7° 4 ACN

subsistence foods under normal and famine conditions for adult males, oe 4

& ae eh

‘adult females, and children in the 0 to 4, 4 to 12, and 12 to 18 year “YAS

Tanges, respectively. Results for imported foods (normal conditions S

only) are summarized in Tables 22 through 24.

Dr. Jan Naidu documented the dietary intake of Marshallese people on

Rongelap and Uterik Atolls as part of a multi~atoll survey conducted from

September through November of 1978.19 The preliminary results from his

work are listed in Table 25 and compared with the adult male diet from the

Ujelang Survey conducted by the MLS. The diet listed from Dr. Naidu's

“work is a maximum diet for adult males, i.e., a diet in which people were

consuming only locally grown foods. This dietary intake should be com-

pared with the "famine diet" situation from the Ujelang Survey. The

dietary intake between the different atolls is not to different; intake

of all dietary items is similar except for breadfruit and Pandanus

Fruit. This difference can probably be attributed to the large developed

trees at Rongelap and Uterik and the lack of the same at Ujelang and

certainly Enewetak. It will take 15 years or more for these trees to

develop on Enewetak to the stage they have on Rongelep so that sufficient

fruit would be available for a higher consumption. Although the coconut

meat and milk intake are separately different the combined intake is

similar.

Dr. Naidu reports that the “normal diet," which is the one thet

exists most of the time at the atolls, could be determined by dividing

lithe maximum diet data by a factor of 6 or 7. When this is done the

results are comparable to the normal diet developed from the Ujelang

Survey. In addition, Dr. Naidu stated that the womens diet is

- 24 -
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approximately 75 percent of the male diet; this is in contrast to the

Ujelang Survey in which the female intake exceeded that of the males (see

Tables 17 and 18).

 

In a report summarizing a survey conducted during July and August of Sf

1967 at Majuro Atoll}? the average coconut use was approximately 0.5

coconuts per day per person. This included young drinking coconuts, old

nuts used for grated meat and pressed for small volumes of milk and

sprouting nuts used for ‘the sweet, soft core. Recent data from Eneu

Island shows that an average drinking coconut contains 325 ml of fluid

(0 = 125 ml) so that even if the entire average coconut use of 0.5 per

_day were all drinking nuts the average daily intake would be about 160 g

per day. This is in good agreement with the results from the Ujelang

Survey and Naidu's results for coconut intake.

In summary, two sources of data tend to confirm the magnitude of the

intake of coconut and other dietary items developed in the Ujelang

Survey. We, therefore, are using the results of the recent Ujelang

Dietary Survey to develop the dose estimates in this paper.

1,7The "LLL" diet used in previous assessments was developed from

13 14observations and published reports in the literature. Because

there were no direct surveys of the people in recent years the "LLL" diet

was designed to be conservetive, i.e., overestimate the intake if

anything. From the recent Ujelang Survey it appears that that was indeed

the case in that all inteke from the current survey is less than that

previously used.

-~ 25 -
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LLiving Patterns Cee

Doses have been estimated for three major living patterns at oE SoOD

Enewetak Atoll. Each living pattern has also been evaluated for options

on the source of some subsistence foods and for time distributions. The

living patterns are;

1. a. Enjebi (Janet) Island as the residence island with 100

percent of the time spent on the island and all local foods

from Enjebi. For the first 8 y after retum we assume the

coconut, breadfruit and Pandanus Fruit will come from the

southern islands. After 8 y the trees which would be

planted on Enjebi (Janet) Island at the time of return

should be bearing fruit.

b. Enjebi (Janet) Island as the residence island with 15

percent of a persons time spent on other northern islands

Mijikadrek (Kate) through Billae (Wilma) . Ten percent of

the coconut intake is assumed to come from these other

northern islands otherwise all consurcption is again fron

food crops on Enjebi (Janet) Island. The same situation

applies for the first 8 y.

c. Enjebi (Janet) Island as the residence island with all

coconut from the southem islands Jinedre)l (Alvin) through

Kidrenen (Keith) and 15 percent of 2 persons time spent on

the southern islands. The rest of the loca! food

consumption would be from Enjebi (Janet) Island with the

same situation for the first 8 y.

ms 105



 

The Enjebi (Janet) Island living pattern results in the highest ‘6

predicted doses for the living patterns evaluated in this report. Gat PD

. . Uae. as
2. a. The southerm islands | Septan (David), Medren (Elmer), and ON

wyrsy oo“

[Enewetak (Fred) | as the residence islands’ with 100 percent

of a persons time spent on the southern islands Jinedrol

(Alivin) through Kidrenen (keith) | and all local foods from

these islands.

b, The southern islands | Japtan (David), Medren (Elmer), and

Enewetak (Free) | as the residence islands with 10 percent of

the coconut intake from the northern islands Mijikadrek

(Kate) through Billae (Wilma) and 15 percent of a persons

time spent on northern islands.

The southerm island living patterm results in the lowest pre-

dicted doses for the living patterns evaluated in this report.

3. a. Aomon (Sally) and Bijire (Tilde) as the residence isiands

with 100 percent of & persons time spent on these islands

and all local foods from these islands. Coconut, breadfruit

and Pandaus Fruit will come from the southern isiands rn the

first 8 years.

b. Aomon (Sally) and Bijire (Tilda) as the residence islancs

with 15 percent of a persons time spent on the other

northern islands and 10 percent of the coconut intake coming

from other northern islands Mijikadrek (Kate) through

Billae (Wilma) . The rest of the local foods would cone

from Aomon (Sally)/Bijire (Tilda) with the usual exception

in the first 8 y.

- 27 -
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The doses projected for these living patterns are based upon the es ay,
FN

adult female diet which represents the maximum intake for adults. The ~ Vag r
: eM OF
cate iN

. : ¥ = ON
doses are also estimated for two cases from birth through 70 years for AIO ON4,

~“!
Enjebi (Janet) Island only.

In the first scenario, the individual is born within the first year

of returm to Enjebi (Janet) and resides there continuously for 70 y.

With four exceptions, all subsistence foods consumed during a lifetime

are assumed to come from Enjebi (Janet) only. Exceptions are the Pandanus

Fruit, breadfruit, coconut meat, and coconut fluid. For the first eight

y they are assumed to come from the southern islands. Thereafter, they

too come from Enjebi (Janet) only.

In the second scenario, the individual is born eight years after

returm to Enjebi (Janet), and also resides there continuously for the

next 70 y. All subsistence foods consumed during thet lifetime are

assumed to originate from Enjebi (Janet) only. This is consistent and in

keeping with our first scenario in which externa] sources of Pandanus

Fruit, breadfruit, coconut meat, and coconut fluid were terminated at the

‘end of the eighth year.

Summarized in Table 26 are the dietary sources and corresponding

radionuclide concentration decay periods assumed in estimating the

ingestion doses from the two scenarios. Ingestion dose from birth to. the

fourth year of life is based on the dietary intake of an average child in

the 0 to 4 year range. In the first scenario, there is no decay

correction applied to the radionuclide concentrations at the time the

diet begins. However, in the second scenario, an eight year decay

correction is applied to account for the eight year delay in the

individuals birth since return of the parents to Enjebi (Janet). Between

- 26 -
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the fourth to the twelfth years of life, ingestion dose is based on the Po

Poa
dietary intake of an average child in the 4 through 11 year range. For mS

"LD
. . . . ; et

the first scenario, two decay period corrections are applied to the 1K oN
, - 4

, , , . Wy fey
radionuclide concentrations. The first occurs at four years and 1s the Le

point at which the 4 through 1] y range diet commences. The second

occurs at eight years and is the point at which all subsistence foods

commence to originate from Enjebi (Janet) only. With the second

scenario, a single decay period correction is applied at 12 years: the

point at which the 4 to 12 y range diet commences. Ingestion dase for

the twelfth through seventeenth years of life is based on the dietary

‘intake of an average child in the 12 to 18 y range. Decay period

corrections applied in the first and second scenarios reflect

commencement of the 12 to 18 y range diet and occur at 12 and 20 y (12 y

since birth), respectively. For adulthood, the eighteentn throug?

seventieth years of life, we have assumed the ingestion dose to originate

from the dietary intake of adult females. Decay period corrections for

commencement of the adult female diet are 18 y for the first scenario ana

26 y (18 y since birth) for the second.

Inhalation and externa] doses estimated for each scenario refiect

the previous assumption of continuous residence on Enjebi (Janet). In

the first scenario, inhalation and external source contributions commence

with the first year of return to Enjebi (Janet). With the second

scenario, a decay period correction of eight years 18 applied to the

inhalation and external source contributions before the dose estimates

are madc.

The predicted doses for each of the above living patterns and options

are calculated for normal and famine dietary conditions.

- 29 -
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DOSE CALCULATIONS
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Bey a
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oy a : rhs.
Body and Organ Weights Ey

Data from the Brookhaven National Laboratory!5116 have been

Burmarized to determine the body weight of the Marshallese people. The

average body weights of the adult males and females are listed in Table

27. The average adult male body weight is nearly 70 Kg for Bikini and

Uterik which is very nearthe 70 Kg value of reference man.!’ As a

result we have used the body anc organ weight for reference man in our

dose calculations.

90s, Methodology

Bone marrow doses and dose rates are calculated in two steps. First

the model of Bennett 18119520 is used to correlate the 2°sr concentrations

in diet to that in mineral bone. Next the dosimetric model developed by

21
Spiers is used to calculate the bone merrow dose rate from the concentra-

tion in mineral bone.

90¢, concentra-Bennett's mode! is an empirical model developed from

tions in New York and San Francisco foods and autopsy bone samples. The

concentrations in the diet resulted from world wide fallout. The model is

905, concentration in bone for the low ievelsthought to best reflect the

found in the Marshall Islands: it uses as input the actual dietary 305).

concentration and the output is the actual 90s; concentration in minera

bone determined from analysis of autopsy samples. It also includes age

dependent variations. The calcium content of the normal diet for the

Marshallese is listed in Table 28; the average intake is 0.7 g per day which

is very similar to the 1.0 g per day estimated for U.S. diets. The model is

- 30 -
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rather insensitive to calcium intake unless it greatly exceeds 1.0 ¢ per day sous

4
or is less than 0.3 g per day (personal communication, B. G. Bennett and if a

~i, Arr
J. Harley). Therefore, the similar nature and the similar intake of Ca for Ge ON

the overall Marshallese diet relative to U.S. diets would indicate no major

problems in applying the 90s; model to the Marshallese population.

Using Spiers model the dose rate, Dj, to a small tissue filled cavity

- in bone is calculated from the 90s, concentration in mineral bone. Then,

from geometrical considerations, the dose rates to the bone marrow, Da, and

to endosteal cells, Ds, are calculated, using the conversion factors Dm/Do =

0.315 and Ds/Do = 0.434 respectively. The conversion factors are those

‘quoted in UNSCEAR22 and are equivalent to a marrow dose rate of 1.4 mrad/yr

per pCi/gmCa and an endosteal cell dose rate of 1.9 mrad/yr per pCi/geCe.

These dose rates are determined directly and not by comparison to radius so

that "rads" are equivalent to "rems." Since bone marrow is considered a

blood forming organ (annual dose limit equals 500 mresi/yr) and endosteal

cells are in the “other organ" category (annual dose limit equals 1500

mrem/yr), the bone marrow dose is the critical organ in bone (1CRP23) for

906,

Exanple calculations of the model are given in Appendix» D.

137¢. and 6066

For 1376. and ©%o the wethods of ICRP2°12° ane KCRP2® as developed by

27Killough and Rohwer in their "INDOS' code are used for the dose calculations.

This code is used as published; however, the output is modified to show

1376. |the body burdens for each year. For which is of major importance

in the Marshall Islands, the model consists of two exponential components

- 3) -
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fy
with half times of 1 and 115 days, with 15 percent of the intake going to Soy Sy

the 1 day compartment and 85 percent to the 115 day compartment. These SEGcy

data are consistent with preliminary data obtained by Brookhaven National ava

Laboratory28 on the half time of the long term compartment. The

average of 19 Marshallese males showed a mean of 120 days with a range of

75 to 182 for the long term compartment. For 18 females the mean value

is 109 days with a range, of 50 days to 630 days.

The model for ®%o is a three compartment model with half times of

6 days, 60 days and 800 days with 60 percent, 20 percent, and 20 percent

of the intake respectively.

137 60More detail and example calculations for Cs and Co are

given in Appendix D.

Transuranic Radionuclides Metnodoalogy

Inhalation. The inhalation model used for the various isotopes of

1 ; 241, : one et  y mle 29 .
plutonium and for Anis that of the 1CRP Task Groups’ as adapted

30 Tne oniy difference between Martin and Bloom'sby Martin and Blooz.

mode] and the ICRP is thet the former cotdines the nasopharyngea) and

bronchial compartments into one. The dose is calculated only fer the

pulmonary compartment so the difference is not significant, Parameters

27 oy .

“* with the following excep-for the lung model are those of the ICKP

tions: The gut to blood transfer for plutonium isotopes is 1 x 1074

and for 74lan is 5 x 1074 32, also 24lan is assumed to be a class W

compound while plutonium isotopes are class y 33

Ingestion. For the ingestion pathway the gut transfer coefficients

are as stated previously: 1 x 1074 for Pu and 5 x 1074 for Am. The

~ 32 -
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critical organs are bone and liver with 100 year half times for Pu and Am

in bone and 40 years in liver. Forty-five percent of the Pu and Am

transferred to blood is assumed tc reach the bone and 45 percent to reach

the liver. The remaining 10 percent is distributed among other organs.

RESULTS

In this section the predicted maximum annual dose rates and the 30

and 50 year integral doses for the different living petterns and options

are presented. The "maximum annual dose rate' is defined as that year

for the wholebody when the sum of the wholebody ingestion dose fron

137¢, and the external gamca dose is a maximum and for bone marrow when

the bone marrow ingestion dose fron 13766 and 2%sr and the external

gamma dose is a maxivun. Due to the build-up of dose from 90s.

ingestion and the continuously decreasing dose after the first year for

137¢, for both ingestion and external gamma, the wholebody and bone

marrow "maximum annual dose rates" can occur in a different year anc

therefore the external dose which contributes to the maximum can be

different for the two cases. Figure 3 is a graphical illustretion of

this point. The maximum annual doses are listed in Table 29 for bone

marrow and wholebody for both normal and famine concitions; they are

v
a o> t re oo r
rbroken down into ingestion and external game contributions. The

which the maximum dose rate occurs is also listed. 1t is emphasized that

doses listed for famine conditions are calculated assuming continuous

consumption of foods over a lifetime under famine dietary conditions.

This is not a reasonable dietary pattern but it is presented to show the

maximum case that could occur. Famine conditions are not expected to

occur for more than a month or two each year, if at all.
- 33 -
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In Table 29 are listed the results for Enjebi (Janet) Island that Fe .
& eePo

Summarize the living pattern of major concern to some of the Enewetak Sj -
¥ a

people. In this living pattern al} food is assumed to come from Enjebi

(Janet) Island except during the first 8 y during which time the coconut

meat and fluid, breadfruit and Pandanus Fruit is assumed to come from the

southern islands. For normal conditions the predicted maximum annual

dose rates are 250 mrem for bone marrow and 235 mrem to the wholebody.

If people were to live continually under famine conditions the predicted

maximum annuel dose rates: are 500 mrem and 455 mrem for bone marrow end

wholebody respectively.

On comparison of the doses predicted for the four quadrants of

Enjebi (Janet), three quadrants are less than the island average (Tabdie

29) and one, the northwest quadrant, exceeds the island average. The

doses for the northwest quadrant are 325 mrea/y for bone marrow and 3C5

mrem/y for wholebody for normal conditions; for famine conditions the

doses are 670 mrem/y for bone marrow and 610 mren/y for wholebod,.

‘The maximurc annual dose rates predicted for living patterns Aomon

(Sally) and Bijire (Tilda) (all foods from these islands except during

the first 8 y) are very similiar. The results are listed in Table 29.

For normal conditions the doses predicted for Aomon (Sally) are 50 mren/y

to bone marrow and 45 mrem/y to wholebody and for Bijire (Tilda) the bene

marrow and wholebody doses are 46 mrem/y and 44 mrem/y respectively. For

famine conditions the bone marrow and wholebody doses are 98 mrem/y and

86 mrem/y for Aomon (Sally) and 89 mrem/y and 82 mrem/y for Bijire

(Tilda).

- 34 -
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The dose rates for the southerm island living pattern are also Le ffoN -

listed in Table 29. The maximum annual dose rates predicted for this w - a 5
. aré_ ? fy : f™

“a ifliving pattern are extremely low. For normal conditions the maxinum

annual bone marrow dose rate is 3.7 mrem and the wholebody dose rate 1s

3.2 mrem. For continuous famine conditions the maximum annual dose rates

for bone marrow and wholebody are only 7.8 mrem and 5.9 mrem respectively.

Table 29 includes the variations to the major living patterns. For

example, the maxinur annwal doses are listed for Enjebi (Janet) Island

when 15 percent of a persons time is spent on other northern islands

Mijikadrek (Kate) through Billae (Wilma) .and 10 percent of this dietary

intake of coconut comes from these islands; the other 90 percent of the

coconut intake and 85 percent of the time are of course on Enjebi (Janet).

Under these conditions the bone marrow dose is reduced from a 250 mrem/y

to 230 mrem/y for normal conditions; for famine conditions the reduction

1s from 500 to 470 mreu. Similar reductions occur in the wholebod~

doses. For Enjebi (Janet) Island living pattern, options

for the net effect of spending tice on other northeestern islands is to

reduce the dose from those predicted for-the Enjebi (Janet) Island living

pattern.

The reduction of the predicted Enjebi (Janet) Island doses is of

course more Grametic for a case where ail of the dictary coconut comes

from the southern islands Jinedrol (Alvin) through Kidrenen (Keith)

In this case it is assumed that 15 percent of 42 persons time would also

be spent on the southern islands. The doses for this option for normal

conditions are 73 mrem/y for wnolebody and 65 mrem/y for bone marrow; for

famine conditions the doses are 150 mrem/y and 110 mrem/y for bone marrow

and wholebody. The data are listed in Table 2%.

- 35 -
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For the living patterns involving Aomon (Sally) and Bijire (Tilda),,."
my

use of coconuts from other northern islands and time spent on other

northem islands slightly increases the predicted doses over those

involving Aomon (Sally) and Bijire (Tilda) alone.

The predicted doses when 10 percent of the coconut dietary intake

for the southern island pattern is assumed to come from the northern

islands and 15 percent of a persons time is spent on northem islands are

increased above those predicted for southern islands only. For the

iv
)

73 t
Lcombined southern island-northern island living patterm the wholebocy

bone marrow doses are 8.3 mrem/y and 9.2 mrem/y for normal conditions and

14 mrem/y and 17 mrem/y for fanine conditions.

In Table 29 ere also listed the predicted doses for a special case

where a child is: bom on Enjebi (Janet) Island at the time of the peoples

returm and is raised his entire life on thet island. Thus, his entire

dietary intake will come from Enjebi (Jenet) Island. For normal

conditions the wholebody dose is 160 mrea/v anc the bone marrow dosé is

195 mrem/y. For famine conditions the corresponding doses arc 350 urem,’y

and 405 mrem/y. For comparison the adults doses for normal conditions

for Enjebi (Janet) Island (sce Table 29) are 235 mren/y for wholebocy enc

250 mrem/y for bone marrow. The corresponding famine condition doses for

the adult are 455 mrea/y and 506 orem/y. The results for tie child

scenario in whicn the child is born & y after the peoples return 1s the

final entry in. Table 29; the doses for norma] conditions are 159 mren/y

for wholebody and 170 meren/y for bone marrow, both of which are lower

than the other scenario.
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The results for the 30 and 50 y integral doses for wholebody and RY py

bone marrow for the living patterns and options being considered are A Fo
~ | os af~

. i re

listed in Tables 30 through 44. The doses are broken down into the aa

contributions from the ingestion, external gamma, and inhalation pathway.

The doses predicted for normal and famine conditions on Enjebi

(Janet) Island are listed in Table 30. For normal conditions the 30 y

integral wholebody dose is 4.9 rem and the bone marrow dose is 5.5 rem.

For famine conditions the doses are 9.1 rem and 11 rem respectively.

Tables 31-34 list the doses for the four quadrants of Enjebi (Janet)

Island. For the case listed in Table 35 where the residence island is

 Enjebi (Janet) but 10 percent of the dietary coconut comes from other

northern islands, the 30 y integral wholebody and bone marrow doses for

normal conditions drop to 4.6 rem and 5.1 rem. When Enjebi (Janet) is

the residence island, but all coconut comes from the southern islands,

the data listed in Table 36 show that for normal conditions the 30 y

integral wholebody dose is 1.8 rem and the bone marrow dose is 2.3 rer.

For the famine conditions the corresponding doses are 2.6 and 3.8 ren.

Tables 37-40 list the results for the Aomon (Sally) and Bijire (Tilda)

living patterns; all doses are much less than thase predicted for Enjebi

(Janet) Island living patterns.

The 30 y doses predicted for the southern island living pattern for

normél conditions are 0.069 rem for wholebody and 0.10 rem for bone

marrow (Table 41). For famine conditions the corresponding doses rise to

0.12 rem and 0.22 rem. The integral doses for the southern

island/northern island option falls between the values given for the

Enjebi (Janet) Island pattern and the southern island pattem and are

listed in Table 42.

- 37 -
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For the special calculation made for children born at the time of Bgte 4am
Jes . ! Net

‘ fed ype Pr
return for the Enjebi (Janet) Island living pattern, the 30 y integral AS)

‘

wholebody and bone marrow doses for normal conditions are 4.2 rem and 4.7

rem respectively (Table 43). For the adult case given in Table 30 the

results were 4.9 rem and 5.5 rem. For famine conditions the 30 y

integral doses for children are again less than those estimated for

adults. The doses for the scenario where the child is born 8 years after

return (Table 44) are less than when the child is born at the time of

return.

The estimated arithmetic mean, X%, of the radionuclide concentrations

“in soil and foods is used to estimate a dose that, for our data, includes

about 65 percent (range, 55 to 75 percent) of samples with equal or lower

radionuclide concentrations. Other doses can-be estimated from prob-

ability plots giving cumulative concentration quantities (for example,

Fig. 4). The s7! (s = standard deviation of a log-transformed plot) is

the slope of this log-probability plot .34 By using the slope of the

best fitting line, we can estimate the proportion of concentrations that

are less than x, 2®, and 3x; or 90, 95, and 99 percent cumulative

probabilities.

35,36 which oftenExperience with concentrations in soil and air,

follow multiplicative models, yield measured concentrations that have an

approximately lognorme! probability density. If we refer again to the

log-probability plots (Figs. 4 through 10), our otherwise right-skewed

untransformed data approximately fit a straight line, and we see at least

qualitative evidence for assuming the probability distribution is

lognormal.
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To find numerical evidence of lognormality, we chose the
f a Pf

Filliben?’ r-test to reject if necessary the hypothesis that each data ee ~
: > e : ‘fs .

set is lognormally distributed. Filliben's investigations have shown the Se“oY
“i

r-test to be 98 percent as powerful as Shapiro and Wilk's omnibus

W-test°® for Tejecting a lognormal hypothesis when the data are not

lognormal. The r-test was validated?’ for sample numbers ranging from

2 to 100. Computationally, the r-test is much more convenient than the

W-test in that long lists of constants need not be stored. Ye

approximate the r-probability levels by a second order polynozial in log

(number of samples, N) for N 4. The maximum error for this

approximation is + 0.004 in the region N = 10; elsewhere + 0.001.

We tested al] data sets (greater than six measurements each) having

more than half the samples greater than the minimus detectable activity

(MDA) and found that 91 data sets out of 123 tested lognorme:. Of the $i

sets, 56 percent had r-values greater than the 0.5 probability acceptance

level; 36 percent, 0.1 < r <0.5; 7 percent 0.055 r < 0.1; and }

percent, r= 0.05. The lognormal assumption was rejected for low

t-values (r $0.05). The resulting inaccuracy is smali since those

rejected data sets were near the MDA.

Mean (X), standard variation (s), and cumulative probability were

estimated by the (1) Krige's quantile version of tie maximun likelihood

estimator, (2) log-probability graphical methods, and (3) arithmetic

39mean. Krige's method is used as outlined by Gilbert, using the
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Finney minimum variance unbiased estimator described by Aitcheson and

 

Brown.24 The Krige method using 4 minimum variance unbiased estimator

is optimal under the assumption of lognormal distribution (Aitchison and

Brown34 p- 44). The shift parameter, tT, is calculated using Krige's

quantile formula.?? The tT is involved in the log-transform as log

(x, -T), where X; are measurement values in pCi/gm and may be

negative and below the minimum detectable activity (MDA). The param-

eter removes problems of taking logrithms of negative numbers and improves

the approximation to the lognormal probability density function. The

computer algorithm calculates the first T. Figure 8, T = 0.6 pCi/cn,

exhibits an example where the left MDA concentrations are forced more

closely to a straight line than the same data with T = o (Fig. 7) using

the Krige method?? to adjust this parameter about the first approxi-

mation to maximize the r-test value. The means and variances arc

calculated using the Finney fifteen term eapproximetion to 4 mininun

variance estimate (Aitchison and Brown, 24 Eq. 5.37). A visual inspec-

tion of each data set is done by a log-probability plot (examples on

Figs. 4 to 10). For comparison, the mean and variance was estimated

using the quantile method.2* The minimus variance log-probability-line

was used to find the quantile values. Numerical approximations to the

cumulative normai distribution used formulas 26.2.23 and 26.2.22 in

Abromowitz and Stegun's handboc::.49 Tables 45 through 47 illustrate

the comparison of methods for 24) bry which have severa] censored values,

and 137¢5 at the same sample location. For 24. an, the arithmetic

mean frequently underestimates the Krige method (average of 30 percent,

, underestimation range: 0 to -100 percent, 0-15 cm soils), but the

40 -
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quantile method overestimates m and s (average of + 48 percent, range: OFD>

. 137 . eat 4] /
to + 160 percent, O-15 cm soil). For Cs with few measurements below e k yb eee

ec Pia ys
- 137 KY v

the MDA, the differences between methods are smaller. For Cs 0-15 Z

cm soil measurements the arithmetic mean, x, underestimates -5 percent

(range: 32 percent to +6 percent), and for the quantile method, x

averages 21 percent lower (range -50 percent to 0 percent). As we can

see (Table 46), radionuclide concentration data above the MDA the

arithmetic averages make“a good approximation to the Krige mean for

coefficient of variation c, averaging 0.9 (range: 0.6 to 1.5). Recently,

White4] found the arithmetic mean to have a 75 percent efficiency for

‘coefficients of variation, c, less than 2. Tnis efficiency is also show

by Aitchison and Brown .34

The value of the shifting parameter can be seen fror Tables 45 anc

46 to be roughly equal to the MDA velues of Z4las (0.2 to 1.5 pci/gz)

and 137¢e (0,1 pCi/gm). Both of these data sets have values less than

MDA, set to MDA. Similar analysis on unaltered data exhibits lower or

1376. values (Table 46) are seen onnegative values of T. The

samples Enjebi (Janet) NE and Kidrinen (Lucy) to be unreasonably large,

and without physical basis. The improvement in lognormal fit wes

marginal and the T could have been set to zero; however, the Krige method

is fairly insensitive to T as illustrated by example, 29 anc as our

tests have also shown.

The computer computational codes were tested with artificial log-

normal samples. A 105 term approximation4? generated by a rectangular

distributed psuedo-random generator produced these artifical sarcpies.

Testing samples numbers ranged from 4 to 255.

41 -
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aSoil radionuclide concentration log-probability plots were con~ ff.4 es ft
ih a FI RK,

structed for 99sr, 137¢¢, 239+240p,, | and 24lam at profile depths 0-15 cn, he uZ. oy:yt)

15-25 cm, 25-40 cm, and 40-60 cm using concentrations in pCi/gm. We &

examined the islands of Enjebi (Janet) and its four quadrants, Mijikadrek

(Kate), Kidrinen (Lucy), Bokenelap (Mary), Elle (Nancy), Aej (Olive),

Aomon (Sally), Bijire (Tilda) Lojwa (Ursula), Alembel (Vera), and Billae

(Wilma). We evaluated 70sr and 13’cs concentrations in coconut meat

and fluid, and papaya meat from Eneu Island (Bikini Atoll) using the same

soil computational algorithms.

Our analyses showed the lognormal probability density assumption to

be correct for data sets having a majority of concentration above the

MDA. The arithretic mean is an adequate estimator compared to the mini-

Mum variance estimator, particularly when the coefficient of variance is

less than two--this includes 96 percent of the analyzed deta sets. More

importantly, this method evaluates the proportion of measurements less

than the mean, x, and 3x (Tables 45-47). The analyzed soil and food data

3X values includes an average of 95 + 3.5% of the sample (range 68-100

percent) measurements. These ™ anc 3% céncentrations are then used to

estimate doses that include a known fraction of possible measurements;

for xX, more than 64 percent of the measurements are included; and for 3™,

95 percent arc included.

Calculations for Alternate Dietary and Time Variations

There is always an interest in developing dose estimates for living

patterns, and option within living patterns, which are not developed in

the paper. An enormous number of options could be synthesized and it is

- 42 -
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of course impossible to include them all in a paper. We have developed |

those that we feel are most reasonable and most probable. However, we

have included in appendices the data necessary to develop the predicted

doses for other variations. By proper use of the appendices one can

calculate the external gamma inhalation and dietary coconut contribution

for any period of time, for any island, and for any fraction of the diet

that one chooses.

Appendix B lists the annual gamma exposure in mrem per year and the

cummulative or integral dose in rem for 1 through 70 y for each island.

Therefore, once a time distribution on various islands has been

“established, the external dose can be computed from the data given in

Appendix B.

Appendix E lists the doses to the lung and bone due to 239+240p,,

and 24lan as a result of inhalation when 100 percent of @ person's time

is spent on the listed island. The doses are based upon the inhaletion

pethway model described in the text. Once again, when a time distribu-

tion on various islands has been established, the corresponding lung and

bone doses for both dose rates and integral] doses, can be calculated from

the data given in Appendix E.

Appendix F lists the wholebody and bone marrow annual dose rates and

integral doses for normal and famine conditions that result from the

entire coconut intake from the listed island after the first 8 y; for the

first 8 y, the coconut intake is from the southern islands. The dietary

intake of coconut can be prorated among various islands in any fashion

desired and the resulting doses can be tabulated; the total dose

resulting from any scenario can then be determined. The doses are, of

5011122



course, based upon the coconut intake listed for the famine and normal

 

diets in Table 3. Doses for other intakes can be determined by ratioing Q

the intakes and multiplying by the doses listed in Appendix F. b

We listed this information only for. coconut because it is the only

terrestrial food product likely to be consumed from islands other than

the residence island. The three islands or complexes evaluated in this

report as residence islands-~i.e., Enjebi (Janet), Aomon (Sally), Bijire

(Tilda), and the southern islands Japtan (David), Medren (Elmer) and

Enewetak (Fred) are the only land masses large enough to sustain a

residence of a significant population. Therefore, the dose tables

‘presented in the text are based on the assumption that the rest of the

subsistence crops are derived from the identified residence island.

Appendix G contains the average island radionuclide concentration

for soil profiles collected on an island; the results are listed for

depths of 0-15 ecm, 0-25 cm, 0-40 cm, and 0-60 cm. These data, in

conjunction with the concentration ratios, are the basis for developing

the rationuclide concentrations in food products in the terrestrial food

chain. In addition, the date can be used to make relative comparisons of

islands at the atoll.

~ 44 -
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DISCUSSION

 

The doses presented in this assessment are calculated assuming that for

northern living patterns the coconut, breadfruit and Pandanus fruit will

come from the southern islands for the first 8 years. At the end of 8 years

these subsistence crops should be available from initial plantings made on

the residence island at the time of return.

The diet used to determine the daily intake of radionuclides is the most

direct data available on the current dietary habits of the Enewetak people

(see tables 17-24 and appendix 7). The diet is of course very important in

predicting doses to a population because the dose will scale directly with

dietary intake. We have mentioned in previous assessments the importance of

the diet and the uncertainty which was inherent in previously constructed

dietary patterns (1,7,21). For the first time we have direct input from 4

significant number (144) of the Enewetak populetion as a function of age and

of dietary conditions. The “normal condition" in this report refers to the

usual and expected living conditions in which the preferred imported foods

"is the situation which occursare available. The "famine condition'

ocassionally even today when imported foods are in short supply or absent

from the diet and there is nearly a total dependence upon locally grown

subsistence crops. It is still emphasized thet an accurate picture of the

diet, especially as it reflects on the consumption of locally grow

foodstuffs, is extremely important in the dose predictions for resettlement

options at the atoll.

The transuranic doses from inhalation anc ingestion are based on an

2415/24]extrapolation of the Am ratio observed on Enjebi (Janet) Island

IO11 124



PR op
vee | 241 .; tego opt Meeto the entire atoll. The Pu data for each island to make these ce Pr
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calculations are not yet available and the doses from their source will be wad fy

tefined at a later date. We know their ratio will vary at some of the

islands. The results of this increase in 241 4m is however insignificant

in the overall dose picture for sometime into the future.

60Ingestion doses from Co are negligible and therefore do not appear

in any of the tables. Usually we can not detect 609 in vegetation

samples. It is observedat low concentrations in soil samples but

incorporation in plants is such that concentrations rarely exceed the

detection limit.

Doses from ?¥sr and 13’cs via the inhalation pathway are very smell

and are therefore not listed in the dose tables. An example calculation for

inhalation of 13’cg ang 2%sr for Enjebi (Janet) Island is listed in

Appendix E for comperison to inhalation doses from other radionuclides.

Uncertainty in the final dose values can result from the uncertainty in

three sources of input data: (1) the radionuclide concentration in food,

(2) the dietary intake, and (3) the biological parameters such as

radionuclide turnover times in the body and fractiona] deposition in verious

organs.

The distribution of radionuclide concentration data was discussed in the

results and shown in figures 4 through 10. The distributicn 1s lognormai

and the use of the arithmetic mean, %, includes some 65% of the population;

two times X includes 86% of the population and 3 X includes better then

95%. The number of plants in the population with a concentration three

times the mean value is less than 5% of the total. Therefore, the

probability of a person finding his entire diet for 1, 5, 10 or 30 years
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from food crops with a concentration of three times the mean value is very 7 +}

small. Soil concentration data are also lognormally distributed with “teh,
«y , Z

Similar percentages accounted for by x, 2 x, and 3 x and re-enforce those * oA
. a y

¢' “ ' yf
‘ ' . . ff

data observed 1n coconut meat and milk; concentrations in plants should, oe

overall, reflect the concentration in soil.

The observed lognormal distribution of radionuclide concentrations in

soils and plants at the atolls 1S consistent with most elemental

distributions in nature.” Also the observation that 3 times the mean value

includes more than 95% of the population distribution is consistent with

other observations several of which have recently been summarized by Cuddihy

‘ét al (43).

Strontium-90 concentration distributions in bone have been specificelly

addressed by Kulp and Schulert (44). They found that 20s; from fallout

was distributed lognormalliy and that the 9&th percentile value was 2.3 times

the mean value. Maximum values observed for ?%sr in bone by Bennett were

3 times the mean; most of the data fell below 3 times the mean (18,19).

These data also reflect the combined variability of the 90s, concentration

in food products and the variability in dietary intake.

The range of values observed for the retention of 13?og in humans hes

been summarized in ICRP 10 and 10A (24,25) and NCRD 52 (26). For exanple,

the range of observed valves for the retention time for the shart term

compartment is 0.5 to 2.1] day with a mean of 1.0 day; the upper limit thet

has been observed 18 only a factor of 2, greater than the mean value. For

the long term compartment the data range from 60 to 165 with a mean value of

115 days; the maximum value in this case is less than twice the mean value.

The fraction of the intake which has been observed to go to the short term

i



é.
“yf

oan

Sa
. (i.e. 1 day) compartment ranges from 0.02 to 0.22 with a-mean of 0.15; for wi

the long term (i.e. 115 day) compartment the range is 0.78 to 0.97 with a Hg Sr

mean value of 0.85. For both cases the maximum value is less than a factor

of two greater than the mean.

The 13’cs gama exposure data which is listed in table 2 shows that

the maximum exposure rate observed at an isolated point on the island 1s for

most islands less than a factor of three greater than the mean volume. In

er

many cases the maximum observed value is only 2 times the mean value. The

60¢5 data is more variable but it also accounts for a small portion of the

external dose over 30 years.

Previous evaluations indicate that dietary intake in a population is

lognormally distributed. This would of course mean that x would include

more than 50% of the population. We are currently evaluating the data in

the Ujelang Dietary Survey to see if the distribution is lognormal and if so

what fraction of the population would be included at two or three times the

mean value.

In an overall evaluation of the distribution of all of the input data,

three times the mean value includes more’than 95% of the population; in som

cases the maximum observed values were never as great as 3 x and closer to

like 2%. Assuming the variables to be independent and thus combining in 4

linear fashion the low probability associated with values equal to or

exceeding 3 x for each of these input parameters, would lead to an extremely

small probability of all such events occurring for one person.

In summary, the use of the mean value X for estimating the dose to

people resettling at Enewetak Atoll provides dose estimates which includes

more than half the population. Until a more thorough analysis can be

- 48 -
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performed on the distribution of final doses the above discussion about t

uncertainty in the input parameters would indicate that a reasonable

 

estimate of the potential maximum dose would be three times the dose listed <

in the tables. This dose would be expected to occur in a very small

fraction of the population.

A significant feature of the dose analysis is the tremendous reduction

in potential dose to Enjebi (Janet) residents if coconuts from Enjebi

(Janet) are removed from the diet and replaced by coconuts from Southern

Islands. For this option, maximum annual dose rates for a "maximum

individual" ere less by nearly a factor 3 than when coconut came from Enjebi

(Janet) Island (tables 29, 30 and 36), Again this emphasizes how important

the diet is in estimating doses at the atoll and the importance of imported

foods in reducing potential doses.

The two scenarios used for estimating the dose to children are for

Enjebi (Janet) Island living pattern because it leads to the highest dose of

all the living patterns evaluated. The doses for the case where the child

is born at the time the people return are preater than for the case where

the child is born & years after return. ‘In addition the maximum dose case

from birth through seventy years leads to estimated doses which are less

than those predicted for adults, living on Enjebi (Janet) Island. Thefore,

the doses predicted for adults for other living patterns could be usec as a

conservative estimats for the birth through 70 year dose.
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Table 1, Fggverston factors relating the net photopeak count rate (cps) for

7Cs to source activity in the soil and to external exposure rate
as a functon of source distribution.

 

Expanded Exposure

 

 

Relaxation Depth Average Activity Total Activity Rate at the 1

l/ In the top Z cn por Unit Area Meter Level

cm z, sis’ A Rin
ii, No per cps

on pcig Ciné
CHS Cys

5 0 13 1.09 3.6

5 8.2

10 5.6

15 4.1

25 2.6

49 1.6

60 Ll

10 0 id 1.5 3.7

7.9

10 6.3

15 5.2

25 3.7

ag 2.5

60 I.?

15 Q 38.8 2.9 3.4

5 7.5

10 6.4

15 5.6

25 4.3

40 3.1
69 2.2
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Table 2. Average external exposure rate for 137es at Ll meter.

 

 

All Data (Actual Measurement Results) All Data ( MDA Replaced with MDA)@

Low High Low High

l37¢s G Value Value l37e¢, a Value Value
Island N uR/ber uR/he uRshr u&/hr N uR/hr uR/bhr uR/hr uR/he

Bokoluo (Alice) 64 29.23 14.53 3.6 63.3 - - - ~ -

Bokombako (Belle) 43 35.80 15.80 0.9 62.8 - - - - -

Kirunu (Clara) 25 18.28 10.75 3.3 42.8 - - - - -

Louj (Daisy) 30 4.39 4.71 0.7 16.8 - - - - ,

Boken (Irene)? 60 & te) 3.53 0.22 13.63 - - - - ye

Sand Spit 19 0.42 O.11 0.25 6.65 + - - - -

Enjebi (Janet) 980 10.97 5.27 0.05 36.2 989 10.07 §.27 0.2 36.2

NE Quadrant. 272 10.03 5.58 0.05 36.2 272 10.03 5.58 0.2 36.2

SE Quadrant 285 8.86 3.24 2.3 23.2 - - - ~ -

SW Quadrant 128 9.07 4.47 0.6 19.8 - - - - -

NW Quadrant 295 11.70 6.37 0.5 29.5 - ~ - - -

Mijikadrek (Kate) 21 4.95 3.03 0.4 10.8 -

Kidrinen (Lucy) 28 6.09 4.13 0.2 14.0 - ~ ~ ~ -

Bokenelab (Mary) 193.0485 DD 6.9 = - - - -
Elle (Nancy) 47 6.76 1.76 2-1 10.1 - - - - ~

Ae} (Olive) 54 5.09 1.79 1.2 8.? - - - - -

Eleleron (Ruby) 9 0.65 0.32 0.39 1.31] ~ - - - -

Aomon (Sally) 142 2.20 1.80 0.1 9.5 (142 2.21 1.80 0.2 9.5

. Wise Tip 63 2.71 3.03 0.2 14.8 - - - - -

Bijire (Tilda) 58 2.29 0.74 0.4 4.2 - - - - -

Lo jwa (Ursula)® 16 0.8 - ~ - ~ - - - -

Alembel (Vera) 57 1.68 0.74 0.2 2.8 - - - - ~

Billae (Wilma) 20 0.77 0.38 0.1 1.5 20 0.77 0.37 0.2 1.5

SDMA is 0.2 uR/hr Additional cleanup done on Boken (Irene). Results may change.
c . . ._.
Data collection is incorplete. Results reported are preliminary.
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Table 3.

All Data (Actual Measurement Results)

OPARY
Average external exposure rate for 60¢o at 1 meter.

All Data (<MDA Replaced with MDA)4

 

Low High Low High

60¢5 o Value Value 605 g Value Value
Island N uRihrouRfhr ouRfhr Rr NopAroR/r ou R/Ar op Rf hr

Bokoluo (Alice) 64 17.40 8.09 4.1 32.5 = - - -

Bokonbako (Belle) 43 15.15 6.60 1.9 23.7 | - - -

Kirunu (Clara) 25 9.25 ~ 4.85 2. 19.5 - - - - -

Louj (Daisy) 30 7.02 5.60 0.4 20.8 30 7.02 5.60 0.5 20.8

Boken (Irene)° 50 ~=—s-«19..91 23.51 0.30 135.20 60 19.92 23.50 0.5 115.20

Sand Spit \g 2.03 0.81 0.6 3.60 - . - - af
Enjeoi (Janet) 965 2.88 3.03 0.0 38.6 965 2.92 2.99 0.5 38.6

NE Quadrant 259 3.74 4.48 0.0 24.4 272 ~=610.03 3.44 0.5 24.4

SE Quadrant 235 1,36 1.09 0.0 05.0 - - 1.02 0.5 5.0

SV Quadrant —-:128 2.80 5.15 0.0 33.6 = - 5.12 0.5 38.6

NW Quadrant 293 3.16 2.26 0.0 16.30 - - 2.22 0.5 16.3

Mijikadrek (Kate) Zl 1.85 1.09 0.4 3.5 - - 1.08 0.5 3.5

Kidrinen (Lucy) 28 2.63 1.50 O.1 4.6 = - 1.42 0.5 4.6

Bokenetab (‘ury) 19 1.40 0.70 0.3 2.8 -~ - 0.68 0.5 2.8

Elle (Nancy) 47 2.22 0.54 0.5 3.2 - ~ - - -

Aej (Olive) 54 1.87 0.71 0.2 3.0 - - 0.70 0.5 3.0
Eleleron (Ruby) . g 3.82 6.04 0.4 19.5 = ~ 6.03 0.5 19.5

Aomon (Sally) 142 0.71 0.52 0.0 3.5 142 2.21 0.43 0.5 3.5
Wist Tip 63 3.94 6.47 0.2 33.8 - - 6.45 0.5 33.8

Bijire (Tilda) 58 0.72 0.31 0.3 1.40} - . 0.27 0.5 1.4
Lojwa (Ursula)© 16 0.2 - - - - - _ _ _

Alenbel (Vera) 5? 0.52 0.22 0.1 10 - - 0.13 0.5 .0

Billae (Wilma) 20 0.32 0.13 0.1 0.6 20 O11 0.02 0.5 0.

 

Aga is 0.5 uR/nAr

“pata collection is incomplete.

b

Results reported are preliminary.

A7

Additional cleanup done on Boken (Jrene). Results may change.
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Table 4. Average surface soil concentration for

All Data (Actual Measurement Results)

=

i
24)

Am,

All Data (<MOA Replaced with MOA)°

 

Low High Low High
241 Am a Yalue Value 241 Am a Value Value

Island N pCilg pCcifg nCif/g pCi/g N pCifa pCi/g—pCisg pci/g|

Bokoluo (Alice) 64 15.68 8.81 1.4 37.8 _ - - - -

Bokombako (Belle) 43 19.2} 8.10 2.5 30.6 ~ - - - -

Kirunu {Clara) 25 7.48 3.11 2.7 14.2 - - - - _

Louj (Daisy) 30 9.02 4.34 2.3 24.6 - - -

Boxen (Irene)? 602.65 1.50 0.8 7.0 | - - - |
Sand Spil 1g 1.28 0.42 0.5 2.3 - - - - -

Enjebi (Janel) 1015 5.01 3.35 | 0.0 15.9 1015 5.02 3.34 0.5 15.9

HE Quadrant 302 5.69 3.42 0.2 14.5 302 5.69 3.42 0.5 15.9

SE Quadrant 285 5.38 3.11 0.1 13.5 285 5.39 3.10 0.5 13.5

SH Quadrant 128 4.74 3.37 0.5 11.8 - - - - -

NY Quadrant 300 4.09 3.29 0.0 15.9 300 4.109 3.28 0.5 15.9

Mijikadrek (Kate) 2h 6.09 4.53 1.1 18.8 - - - - -

Kidrinen (Lucy} 28 10.6 8.06 0.5 25.2 - - - - -

Bokenelab (Mary) 19 4.62 3.31 1.2 12.4 - - - - -

Elie (Nancy) 47 9.8 3.46 2.2 18.6 - - - - -

Aej (Olive) 54 5.55 3.45 1.5 14.3 - - - - -

Eleleron (Ruby) 9 0.90 0.42 0.2 1.4 9 0.96 0.33 0.5 1.4

Aomon (Sally) 14? 1.80 2.39 0.2 4.1 142 1.88 2.33 0.5 14.1

West Tip 63 1.09 0.96 0.0 4.5 63 1.15 - 0.92 0.5 4.5

Bijire (Tilda) 53 1.96 1.30 0.1 5.8 58 «1.93 1.29 0.5 5.8

Lojwa (Ursula)® 16 0.5 - - - - - - - .
Alembel (Vera) 57 2.18 1.03 0.3 4.2 57 2.19 1.01 0.5 4.2

Billae (Wilma) 20 0.83 0.58 0.0 1.9 20 0.94 0.46 0.5 1.9

 

8MDA is 0.5 pCilg

“Data cotlection is incomplete.

PAdditional cleanud done on Boken (Irene).

Results reported are preliminary.

4B

Results may change. .
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Table 5. Pulmonary Deposition of Plutonium (239*240py) for Worst Case andBest Case Conditions on Bikini.

 

Inhalation dust Soil Pu Enhancement Personal Respirable Pulmonary
Rate Aerosol Activity Factor Enhancement Fraction Disposition

Condition (m3 h-l) (ug m3) (ai yg) (EF) (PDE) (RESP) (aCi ho})

Bare Field, .
Ouring tilling 1.04 136 15.3 3.10 0.92 0.24 1476

Stavilized Field,

Heavy Work 1.04 21 15.3 0.83 2.64 0.19 139

In and Arount) inuses,

Light work 0.83 21 15.3 0.83 1.86 0.19 78

Coconut Grove
Light wore 0.83 dl a.0 0.4) 1.10 0.19 12

At Roadside,

One Vehicle/Hr* 0.023 23 6.) 2.50 (1.0) 0.24 1.58 + BG

 
*Exposure to one, ten-second, median, vehicular dust-pulse, not including background (BG).
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Table 6. Ratio of th
of 23
at Enewetak Atoll.

Island

ONE
* }

Mijikadrek (Kate)
Kidrinen {Lucy}
Bokenetab (Mary)
Elle (Nancy)
Ae} (Qlive)

Eleleron (Ruby)

Aomon (Sally)

Bijire (Tilda)
Loja (Ursula)
Alembel (Verg)
Billae (Wilma)
Enjebi (Janet)
Enjeoi (Janet)
Enjevi (Janet)
Cnjebi (Janet)

Northwest

Northeast

Southwest

Southeast

Southern Islands

\ % !

e ‘Concentration in Soil
9*240py to 24pm for Islands

m
R

R
D

R
Q
e
N
O

e
e

hancli

239+240p,

24 bam

.3*

*Assumed to be the same as Bijire (Tilda)
and Billac (Wi Ina )

6 teenage teh a ciara
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Table 7. Measured and Estimated Radionuclide Concentrations

in Meat and Water for Enjebi (Janet) Island.

ENJEBI

pCi/g Wet Weiche

 

9494 re137, 90. 239+260, 261 An

d c

Pork 453 0.519 1.3.x 10° 0.7 x 107?
d c

Chicken 1.92 0.51° | 1.3-X 1077 0.7 x 1072

-3 -3°
Chicken Epps* 1.9 0.51 1.3 xX 10 0.7 X 10

b c

Groundwater 90° i? 6.7.x 10°? 2.9x% 10°

. + e c ~2° -2°
Cistern Water 1.8 1.34 1.7 X 10 0.85 X 10

Units are pCi/l rather than pCi/g¢.

Assumed to be the same as chicken.

Calculated from pig and chicken data from Bikini Island (W.L. Robison to

be published); Bikini meat data is multiplied by the ratio of the

Southern Island soil concentration to the Bikini Island soil
concentration to develop the Southern [sland meat concentration.

From V. Noshkin et al., Plutonium Radionuclides in the Groundwaters at
Enewecak Atoll, International Atomic Energy Agency Symposium,

Transuranium Nuclides in the Environment, ITAEA-SH-199/33 Vienna, 1976.

Calculated from Pu data and the 23942460 py / 24 lag ratio listed in

Table 6.

Assumed to be the same as rat muscle coneentrations; taken from Enevetak

Radiological Survey Report, NVO-140, Vol. 1, 1973.

Assumed to be the same as Bikini Island Cistern Water; data from V.E.
Noshkin et al., Evaluation of the Radiological Quality of the Water on
Bikini and Eneu Islands in 1975; Dose Assessment Based on Initial

Sacpling, Lavrenee Livermore Laboratory, Report UCRL-51879, Parc 4, 1977.
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Table 8. Measured and Estimated Radionuctide Concentrations

in Meat and Water for Southern Islands.

7
SOUTHERN ISLANDS [Jinedrol (Alvin through Kidrenen (Keith) )|

pCi/g Wet Weight

 

137. 90. 239+240,, 241Am

. d c

Pork 0.517 0.012¢ 1-1 xX 102 0.5 xX 10>
d c

Chicken 0.0217 0.0122 1.1 xX 107? 0.5 x 10°

-3 -3°Chicken Epges* 0.021 0.012 1-1 X 10 0.5 X 10
b c

+ e c +3 -3
Groundwater 0.56 0.09 0.51 X 10 0.26 X 10

‘ E E eae} 38
Cistern Water 0.09 0.1 0.7 X 16 O.1 X 10

Units are pCi/t rather than pCi/pr-

Assumed to be the same as chicken meat.

Calculated from pig and chicken data from Bikiat Tsland (W.L. Robison -~

to be published); Bikini meat data is multiplied by the ratio of the

Southern Istarnd soil concentration to the Brkini Island soil

concentration to develop the Southern Island meat concentration.

From V. Noshkin, Plutonium Radionuclides in the Crounduaters at Enewectak

Atoli, International Atomic Enerpy Agency Symposium, Transuranium
Nuclides in the Environment, LAEA-S1-199/33 Vienna, 1976.

Calculated from Pu data and the 2394 260pp24 lan ratio listed in

Table 6G.

Assumed ¢o be the same as rat muscle concentrations; taken from Enewetak

Radiolopical Survey Report, NVO-140, Vol. 1, 1973.

V. Noshkin = private communication (Memo August 28, 1974).

Assumed to be the same as Kwajelein Cistern Water, source of Kuajelein
Cistern data, V. Noshkin et al., Evaluation of the Radiological Quality
of the Water on Bikini and Eneu Islands in 1975; Dose Assessment Based on
Initial Sampling, Lawrence Livermore Laboratory, Report UCRL~-51879, Part

4, 1977. ,

22
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Table 9. Measured and Estimated Radionuclide Concentrations in

Meat and Water for Aomon (Sally) and Bijire (Tilda).

AOMON (SALLY) /BIJERE (TILDA)

pCi/g Wee Weiphe

 

137 90 239+240 241AmCs Sr “ePu

a 3° 3°a - -
Pork 7.7 0.013 1.6 X 10 0.8 X 10

| . 2 n -3> -3°
Chicken 0.33 0.013 1.6 X 10 0.8 X 10

-3 ~3°
Chicken Fpgs* 0.33 0.013 1.6 X 10 0.8 * 10

+
Groundwater £ £ f £

; + d d -3° and,
Cistern Water 0.21 0.36 1.6 X 10 0.1 «K 10

+ Units are pCi/l rather than pCi/er.

* Assumed to be the same as chicken meat.

a Calculated from pig and chicken data from Bikini Tsland (W.L. Robison -
to be published); Bikini meat data is multiplied by the racio of the
Aomon/Bi jira radionuclide soil concentration to the Bikini Tsland soil
concentration to develop the Aomon/Bijire meat concentration.

b Assumed to be the game as rat tissue coneentrations; taken from Eneuctak

Radiological Survey Report, NVO-140, Vol. 1, 1973.

c Calculated from Pu data and the 739*#240py/24lang ratio listed in

Table 6.

d Assumed to be the same as Fneuw [sland Cistern Water - Eneu Island data

from V. Noshkin repore to DOE HQ.

e From V. Noshkin, Ploutonium Nadianuclides in the Groundwaters at Rnevecak

Atoll, International Arante Energy Asency Sympestem, Transuraniunn

Kuclides in the Environment, PAEA-SM-199/33 Vienna, 1976. For sAcnon

(Sally) the cistern water is assumed ta have the same coneentration as
the catehment water contained in small craters in the PACE exeavation

area. .

f£ The lens water on Aomon/Sijire is not suitable chemically for drinking;
the lens' water is extremely Srackish and a fresh water layer is
non-existence ~ V. Noshkin personal cocmunication.
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Table 10. Concentration*Ratio (CR) Estimated over a 0 to 40 cm Soil
, Profile for Subsistence Crops for 137cs5.

 

a _ High Low
Food Item Number CR 9 Value Median Value

Coconut Meat 26 | 5.8 4.2 16 4.3 1.3

Coconut Fluid ‘ 2.9

Breadfruit 9 0.54 0.48 1.6 0.38 0.12

Pandanus Fruit 5 3.9 3.8 9.6 2.8 0.18

Papaya 25 0.58 0.44 1.6 0.39 0.2

Squash 12 4.3 1.9 R.2 4.3 1.8 _

Banana 5 0.16 0.093 0.78 0.14 0.075

Watermelon 17 1.6 1.2 4.3 1.4 0.12

 

Soci/g fruit wet weight / pCifg soil dry weight.

e
m
g
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Table 11. Concentration Ratio (CR) Estimated over a0 to 40 cm Sot)

 

Profile for Subsistence Crops for 906,

a High Low
Food Item Number TR g Value Median Value

Coconut Meat 15 6.3(-3) 3.9{-3) 1.6{-2) 5.1{-3) 1.7{-3)}

Coconut Fluid 6.3(-3)?

Breadfruit 9 7 (-2) §.8(-2) 1-5(-1) 5.5(-2) 5.8(-3)

Pandanus Fruit 3 4.6(-1) 2.2(-1L) 6.9(-1} 4.2(-1) 2.6(-1)

Papaya 4 6.3(-2)  3.5(-2) LeL(-1) 5.8(-2)  2.5(-2)

Squash 5 2.6(-2) 1.2(-2) 4.0(-2) 2.8(-2) 3.8(-3)

Banana 3 9.1(-3)  $.5(-3) 1.5(-2)  7.7(-3)  4.4(-3)

Watermelon 8 1.8(-2) 7.9(-3) 2.9(-2) 1.5(-2) 7.2(-3)

 

Socifg fruit wet weight / pCi/g soil dry weight.

Dassumed to be equal to coconut meat.
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Table 12. Concentration Ratio (CR) Estimated over a 0 to 40 cm Soil

 

Profile for Subsistence Crops for 239%2405

- 4 High Low
Food Item. ... | Number CR Oo. . Values Median Value

Coconut Meat 14 5.0(-5) 5 (-5) 1.9(-4) 3.1(-5) 1.5(-6)

Coconut Fluid 5.0(-5}”.

Breadfruit 8 1.5(-5) 1.6(-5) 4.7(-5) 1.2(-5) 1.6(-6)

Pandanus Fruit 3 4.3(-5) 4.2{-5) R.9(-5) 3.3(-5) 6.4{-6)

Papaya 4 2.7(-5) ?.7({-5) 6.1(-5) 2.4(-5) 3.3(-7)

Squash 5 1.9(-5)  1.5(-5) 4.0(-5) 1.2(-5)  3.3{-6)

Banana 3 3 (-5) 3 (-5) 6.4(-5) -1.9(-5)-7.2(-6)

Watermelon 8 4.8{-5}  3.1(-5) 6.9(-5} 4.3{-5) 7.6(-6)

 

®oci/g fruit wet weight / pCi/g soil dry weight.

Dassumed to be the same as coconut meat.

So
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Table 13. Concentration Ratio (CR) Estimated over a 0 to 40 cm Soil

Profile for Subsistence Crops for 28h An.

_4 High Low
Food Item Number CR G Value Median Value

Coconut Meat 8 32.7(-5) 2.4(-5) 8.3(-5) 3.7(-5) 2.6(-6)

Coconut Fluid 3.7(-5)°

Breadfruit 5 1.7¢~5) 2.2(-5) 5.6(-5)  6.5(-6) 2.6 (-6)

Pandanus Fruit 2 1.2(-4) 1-5(-4) -2.3(-4) 1.2(-4) —-1.0(-5)

Papaya &° 3.1(-4} 5 (4) L.0(-3) 9.3(-5) 1-1(-6)

Squash - - - - - -

Banana 1 2.2(-5) - - - -

Watermelon 7 2.7(-5) 2.7(-5) 7.8(-5) 2.8(-5) 2.5(-6)

 

"oci/g Fruit wet weight / pCi/g soil dry weight.

b
Assunzed to be the same as coconut meat.
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Table 14. Measured and Estimated Radionuclide Concentrations

in Marine Species and Birds at Enewetak Atoll.

pCi/g Wee Weight

 

Animal 137, 90, 239+240, 241Am

. a e c 3! ~3fFish | 0.11 0.021 2.4 X 10 0.52 X 10

Shellfish? 0.0025! ,0.0033° 0.0011° ,0.0015°

Clams° 0.112 0.0057° 0.046° 0.0098"

Birds 0.024° 0.011° ru x 07> 0.52 x 1073

Bird Eges 0.029° 0.19° 2.4 X 1072 0.52 X 107?

Crabs? 1.7° 0.43° 8.8 X io 4.4 X tone

Octopus |

Turtle

2Includes reef fish and pelagic fish. Radionuclide concentrations are
assumed to be the same for all specics.

bincludes lobster and marine crabs which are assumed to have the same

radionuclide concentration in Cissuc.

CIncludes the different species and both muscle tissue and hepatopancreas.

4includes cnconut crabs and land crabs both of which are assumed to have the

same radionuclide concentrations in tissue.

fEnewetak Radiological Survey, NVO-140, 1973, Vol. 1.

fVictor Noshkin - to be published.

Assumed to be the same as fish muscle.

Heaiculated using the fish 239+240py/24145 ratio.

kcalculated assuming the average 239+240py/24lam ratio For all Northern

Islands is 2. ,

JAssumed to be the sane as fish muscle.
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Table 15. Summary of can conversion data for subsistence food items
for the Ujelang Survey.

 

 

Food Food Type | Grass per Food Food Type Grams por 4

Fish £995

Reef Fish 219 Bird Eqgs 360"

Tuna 290° Chicken Eggs G4

Mahi Mah { 250° Turtle Eaqs 364%

Shellfish Pandanus

var ine Crabs 362° Pandanus Fruit 119 (112)!
Lobster 3546 Pandanus Nuts 3aQ™

Clams Greadfruit 217"

Clam Muscle 363°

Trochus 362° Coconut Fluid

Tridacna Muscle 368° Coconut Juice 355°

Tridacna Viscera 269° Coconut Milk 355°

Jedryl sya° TunafJdexerd 355°

Crabs Coconut Meat

Cocenut Crabs 362° Young Coconut 300°

Land Crabs 362' Middle Age Coconut 219 (185)
Old Coconut 175°

Octopus agag Marshallese Cake gaP

Turtle 368° Papaya 360

Squash Tuncooxed) 232

Domestic Meat Pumpkin (Unconxed) 232

Chicken Muscle (raw) 369 Banana 252

Chicken Liver (raw) agg" wa terme ton 253

Chicken Gizzard (rew) 369" Arravroot 242 (220)°

Pork Muscle (raw) 359) Citrus 313
Pork Kidney (raw) 367°

Pork Liver (raw) aga” Aquas Liquids

Pork Heart (raw) 369 Rainwater 355

Wellwater 3455

Wild Birds Kalolo 355°
Bird Muscle (raw) 269° Coffee/tea 355°

Bird Viscera (rew) 4oo

 

50
11
14
8



*Weight reported by Pritchard.

Dcalculated from density of Dungeness crab.

“Calculated fram censity of lobster tail.

Sealculated from density of Cherrystone clam muscle.

SAssumed the same as Clam Muscle.

F assumed the same as Marine crab.

3caiculated from density of squid. Assumed the sam.

Myalue is for beef liver. Assumed the samme.

‘Assumed the same as chicken muscle.

Jyatue is for beef kidney. Assumed the same.

Kassumed the same as chicken cgqs. Value is mean for raw (393 G/can} and

scrambled (335 G/can).

Value is for raw Pandanus Jess fibrous strings. Calculated from data

reported by Pritchard.

™alue is for roasted peanuts and cashews. Assumed the same.

Mealculated from weights reported by Pritchard. Boiled (255 Gican -

60 percent consumption).

Cnssumed the same as water.

Pouantity of coconut meat in marshallese cake. Calculated from data

reported by Pritcnard.
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Table 16.

for the Ujelang Survey

FOOD ITEM

Baked Bread

Fried Bread

Pancakes

Cake

Rice (Cooked)

Instant Potatoes (Cooked)

Sugar

_ CANNED NEATS AND POULTRY

Chicken

Beef

Canned

Corned

Spam

CANNED FISH

Canned Mackeral

Canned Sardines

Canned Tuna

Canned Salnaon

Other Canned Fish,

Other Meat, Fish, ot

Poultry

GRAMS PER

12az CAN

130 ( 90)

115 (186)?
166

141

343

355

350°

3415

340°

3r0°

340°

339°

340°

341°

340°

340%

"weighe reported by Pritchard.

Bean weiphe for two forms of fried bread reported by Pritchard.

FOOD ITEM

Carbonated Drinks

CANNED JULCES

Orarnse Juice

Tomatoe Juice

Pineaple Juice

Other Canned Juice

MILK PRODUCTS

Evaporated Milk

Powdered Milk

Whole Milk

Canned Butter

Onion

Canned Vegetables

Baby Food

Cocoa

Ramen Noodles (Cooked)

Candy

doughnut holes (151 G/can) and o heavier version (2200 C/can).

. popularity.

“eight in grams from grocery store containers.

d voy
Assumed the game as canned neat,

“Weight reported is for lard.

fish, and poultry.

Summary of can conversion data for imported food items

GRAMS PER

l2o0z

355°

CAN

355°

355°

355°

355°

355°

355°

355°

240°

235

3405

3a1°

355°

364

200

Round

Both of equal

5
0

11
50
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Table 17. ODletary intake in g/day for selected subsistence food items in the Ujeltang Survey for adult males.

 

 

Normal Conditions Famine Conditions

Low High Proportion Low High Proportion

FoodNumber Nean o.Value Value of Nonzeros Number Mean o  . Value Value of Nonzeros

Fish 36 4] .5 34,7 7.9 194.6 1.00 36 89.3 67.0 12.7 341.7 1.00

Shellfish “36 5.8 1.7 0.0 c3.4 0.53 36 27.6 46.4 0.0 202.9 0.¥2

Clams 36 9.3 15.0 0.0 60.8 0.50 36 53.1 67.4 0.0 276.0 0.97

“Crabs 36 3.4 7.3 0.0 34.9 0.44 36 14.1 31.0 0.0 181.0 0.86

Octopus 36 2.6 $.2 0.0 76.1 0.56 36 12.1 21.8 0.0 91.0 0.86

Turtle 36 3.7 6.9 0.0 26.4 0.72 36 7.6 13.0 0.0 52.8 0.94

Domestic Meat 36 18.6 22.0 0.0 92.7 0.92 36 32.0 36.9 1.0 145.4 1.00

Wild Birds 36 8.8 12.6 0.0 41.4 0.42 36 25.4 25.3 0.0 108 .6 0.63

£9955 36 7.9 11.9 0.0 65.3 0.64 36 1$.3 14.2 0.0 58.2 0.92

Pandanus 36 2.7 3.5 0.0 13.1 0.44 36 27.9 33.5 0.0 112.0 0.$7

Breadfruit 3E 12.8 12.7? 0.0 54.2 0.75 36 57.6 5] .4 7.8 217.0 1.00

Coconut Fluid 36 93 .6 82.2 0.0 367.8 0.97 36 167.7 114.3. 51.0 380.4 1.00

Coconut Meat 36 32.5 30.1 3.9 146.5 1.CO 36 125. 111.5 33.0 610.0 1.00

Papeya 36 1.6 5.4 0.0 27.2 0.14 36 6.8 11.2 0.0 38.0 0.36

Squash 0 - - - - - 0 - - - - -

Pumpk in 23 0.2 0.8 0.0 3.9 0.04 23 0.7 2.0 0.0 8.4 0.13

Banana 36 0.0 0.0 0.0 0.0 0.0 36 0.0 0.0 0.0 0.0 0.0

Watermeton 0 - - - - - Q - - - - -

Arr osxroot 36 2.3 6.9 0.0 31.5 0.17 36 64.8 75 .6 0.0 220.0 0.97

Citrus 36 0.0 0.0 0.0 0.0 0.0 36 0.0 0.9 0.0 9.0 0.0,

Aquas Liquids ss36 —. 915.0. 570.4 228.4 275).2 1,00... ... 36. 548.6 9 447.4 0.0 . 2130.0 0.97.

TOTAL. 36 4167.1 997.0) 333.9 3185.4 21.00, 36 1275.4 553.3 379.2 2849.4 © 1.00
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Table 18. Dietary intake in g/day for Selected subsistence food items in the Ujelang Survey for adult females.

Normal Conditions Famine Conditions

Low High Proportion Low High Proportion

_., Food oo,Number Mean o Value Value of Nonzeros = Number = Mean Q Value Value of Nonzeros

Fish 34 41.5 28 .8 3.6 118.5 1.00 34 90.1 81.1 17.0 409.6 1.0

Shellfish 34 5.1 9.3 0.0 34.8 0.47 34 25.2 42.3 0.0 231.7 0.85
Clams 34 8.9 14.3 0.0 52.3 0.65 34 43.6 48.4 0.5 197.2 1.00

Crabs M 3.1 7.4 0.0 39.0 0.32 34 12.5 31.2 0.0 181.0 0.77

Octopus 31 4.5 8.3 0.0 26.1 0.45 31 24.5 50.5 Q.0 273.0 0.87

Turtle 31 4.3 9.5 0.0 49.1 0.53 30 8.9 12.0 0.0 49.1 0.93

Domestic Meat 34 21.2 52.4 0.0 292.9 0.74 uM 34.5 98 .1 1.0 576.6 1.00

Wild Birds 3A N.2 8.7 0.9 33.2 0.29 34 17.8 23.6 0.0 107.0 0.88

Eqqs 34 10.7 32.2 0.0 182.0 0.38 34 55.8 152.5 0.0 791.7 0.91

Pandanus 34 9.2 16.6 0.0 G2.1 0.68 34 32.5 32.3 0.0 114.3 0.44

Breadfruit 34 27.2 3a .] 0.G 182.3 0.82 34 93.1 94.0 7.2 325.5 1.00

Coconut Fluid 34 141.8 122.0 25.4 520.7 1.00 34 216-6 179.3 28.4 710.0 1.00

Coconut Meat 34 63.3 93 .8 0.0 518.4 0.97 34 187.2 252.0 15.6 1317.5 1.00

Papaya 34 6.6 32.8 0.0 190.0 0.12 34 13.5 65.0 0.0 380:0 0.27

Squash 0 ~ - ~ ~ - 0 - ~ ~ - _

Pumpk in 18 1.2 4.0 0.0 16.9 0.28 18 2.7 6.8 0.0 25.0 0.39

Banana 34 0.02 0.12 0.0 0.67 0.03 34 0.3 1.6 0.0 9.1 0.06

Watermelon 0 - - - - ~ 0 - - ~ - -

Arroaroot 34 3.9 12.0 Q.0 63.1 0.18 34 47.4 61.3 0.0 227.3 0.77

Citrus 34 0.0 0.0 0.0 0.0 0.0 34 0.0 0.0 0.0 0.0 0.0

Aquas Liquids | 3A 829.8 4152.6 177.5 2751.2 1.00 34 530.0 399.2 Q.0 2130.0 0.97

TOTAL | 34 =#1385.2 517.9 431.6 3182.3 1.00 34 1431.7 672.9 525.0 2784.0 1.00
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Table 19. Dietary intake in g/day for selected subsistence food items in the Ujelang Survey for childern from 0-3 Years.

 

 

Normal Conditions Famine Conditions

Low High Proportion Low High Proportion

Food, _Number = Meano |. Value Value of Nonzeros Number. MeanooValue  Vaiuve of Nonzeros

Fish 16 20.5 14.7 0.0 54.4 0.81 16 35.9 42.0 0.0 167.6 0.81
Shellfish 16 1.0 3.2 0.9 12.7 0.19 16 3.7 7.2 0.0 25.4 0.38

Clams 16 3.2 7.0 0.0 26.5 0.3) 16 8.0 14.2 0.0 52.8 0.50.

Crabs 16 2.0 3.8 0.0 13.0 0.38 16 3.9 6.5 0.0 25.9. 0.63

Octopus je 1.7 3.0 0.0 10.4 0.58 12 1.7 3.0 0:0 10.4 0.58

Turtle 12 0.7 1.7 0.0 6.1 0.50 le 0.9 1.8 0.0 6.1 0.58

Domestic Meat + 16 7.0 41.6 0.0 . 41.3 0.8] 16 - 6.9 8.1 0.0 28.1 0.81

Wild Birds 16 1.6 3.2 0.0 9.6 0.25 16 10.2 1] .6 0.0 38.2 0.63

Eqqgs 16 2.4 4.1 0.0 13.1 0.44 16 6.0 7.) 0.0 23.5 0.69

Pandanus 16 10.2 19.1 0.0 56.0 0.63 16 22.2 24.8 0.0 56.0 0.81

Breadfruit 16 9.9 22.2 0.0 9) .1 0.63 16 45.9 57.0 0.0 217.0 0.88

Coconut Fluid 16 70.7 70.3 0.0 266.2 0.94 16 88 .6 73.3 «11.8 266.2 , 1.00

Coconut Meat 16 38.4 83.1 0.0 322.2 0.81 16 111.5 177.3 0.0 721.2 0.81

Papaya 14 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0

Squash 0 - - - - - ] 0.0 0.0 0.0 0.0 0.0

Pumpin 8 0.00 O11 0.0 O31 0.13 8 0.3 0.7 0.0 1.9 0.25
Banana 15 0.02 0.09 0.0 0.34 0.07 15 0.02 0.09 0.0 0.34 0.07

Watermelon 0 - - - - - 0 - 7 ~ - -

Arrowroot 16 0.2 0.9 0.0 3.7 0.13 16 36.4 ° 79.6 0.0 315.3 0.50

Citrus 15 (0.0 0.0 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0

Aquas Liquids 16 502.3 240.6 139.6 1065.0 1.00 16 282.1 124.6 50.9 "532.5 1.00

TOTAL. dd, 16 671.2, 275.2, 169.4 eed. 1.00 16... 663.6... (394.5 84.5 1576.91.00
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Table 20. Dietary Intake in g/day for selected subsistence food items in the Ujelang Survey for children from 4-1] years.

Normal Conditions Famine Conditions

 

 

Low High Proportion Low High Proportion

Food sssNumber Mean oa Value Value of Nonmzeros Number Mean9 Value. Value of _Nonzeros

Fish 37 29.6 19.4 0.0 101.5 0.97 37 61.2 35.0 18.3 167.6 1.00
Shellfish 37 4.3 6.8 0.0 25.4 0.54 37 17.0 24.0 0.0 115.9 0.89

Clams 37 9.8 17.8 0.0 997.9 0.54 37 38.8 49.4 0.0 190.1 0.92

Crabs 37 2.2 4.3 0.0 13.0 0.499 37 12.3 21.2 0.0 90.5 0.89

Octopus 33 2.1 4.0 0.0 13.1 0.52 34 16.3 43.3 Oo. 273.0, 0.88
Turtle 35 1.5 2.9 0.0 10.6 0.63 35 3.2 4.3 0.0 13.2 0.94

Domestic Meat 37 13.2 25.9 0.0. 146.4 0.84 37 22.1 48.5 0.2 288.2 1.00
Wild Birds 37 3.5 B.5 0.0 41.2 0. 32 37 16.3 21.7. 0.0 107.0 0.89

Eggs 37 5.5 15.9 0.0 91.0 0.49 37 18.2 46.) 0.0 273.0 0.95

P andanus 37 5.2 9.8 0.0 56.0 0.62 37 23.3 21.5 0.0 84.0 1.00

Breadfruit 37 9.4 9.4 0.0 54.2 0.81 37 4} .6 47.3 7.2 217.0 1.00

Coconut Fluid 37 76.0 57.6 12.8 266.2 1.00 37 150.7 148.5 25.4 710.0 1.00

Coconut Meat 37 36.9 46.4 0.0 249.9 0.97 37 98 .3 86.4 32.7 458.3 1.00

Papaya 4 5.6 17.4 0.0 95.0 0.21 34 8.4 18.5 0.0 76.0 0.35

Squash 0 - - - - - 0 - ~ - - ~

Pumpk in 15 0.04 0.16 0.0 0.62 0.07 15 1.8 4.6 0.0 16 .6 0.27

Banana 37 0.0 0.0 0.0 0.0 0.0 37 0.0 0.0 0.0 0.0 0.0

Watermelon 0 - - - - - 0 - ~ - - -

Arrowroot 37 0.1 0.6 0.0 3.7 0.03 37 25.4 42.4 0.0 220.0 0.76

Citrus 37 0.0 0.0 0.0 0.0 0.0 37 0.0 0.0 0.0 0.0 0.0

Aquas Liquids 37, $36.3. 226.6 183.4 1331.2 _ 1.00 37. 348.7. (183.2. 50.9 :1065.0 — 1.00

TOTAL 37. 740.7. 229.9. 361.0 1539.8 1.00 37... 900.6 406.1 397.0 2717.0. 1.00.
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Tadle 21. Oletary intake in g/day for selected subsistence food items in the Ujelang Survey for children from 12-17 years.

 

 

Normal Conditions | Famine Conditions

Low High Proportion Low High Proportion

Food... od... Number  Mranoo.Value. Value. of Nonzeros Number. Mean oa,Value. Value | of Nonzeros

Fish 15 36.1 23.) 0.0 G3 .6 0.95 19 80.9 110.8 12.4 514.5 1.00

Snelifish 19 2.9 5.7 0.0 25.4 0.63 19 7.4 11.3 0.0 50.7 0.90

Clams 19 11.1 13.2 0.0 52.8 0.79 19 43.6 91.1 0.5 394.4 1.00

Crass 19 _ 3.7 6.5 0.0 75.9 0.47 19 30.2 62.5 0.0 271.5 0.90

Octopus 19 6.2 10.6 0.0 39.4 0.53 19 2a. 41.9 .0.0 182.0 0.90
Turtle 18 2.8 6.2 0.0 26.4 0.56 18 5.4 12.2 0.0 52.8 0.89

Domestic Meat 19 14.2 20.8 0.0 &1.4 0.99 19 25.7 29.0 0.8 + 98.4 1.00

adild Birds 19 9.9 12.4 0.0 41.2 0.63 19 16.2 13.4 0.0 67.6 0.79

Eggs 19 10.4 13.0 0.0 39.2 0.63 19 27.8 42.8 0.0 182.0 0.84

P andanus 19 6.7 11.7 0.0 43.2 0.65 19 22.0 3.3» 4.0 96.3 1.00

Breadfruit 19 17.8 27.2 0.0 108.5 0.74 19 43.5 40.8 0.0 124.4 0.95

Coconut Fluid 19 106.1 90.5 0.0 355.0 0.95 . 19 15? .7 165.4 25.4 710.0 1.00

Coccnut Meat 19 54.2 71 .6 1.9 307.7 1.00 19 133.0 109.9 43.7 471.2 1.00

Papaya 19 0.0 0.0 0.0 0.0 0.0 19 3.9 8.8 0.0 27.2 0.32

Squash 0 - - - - - G - - - - ~ -

Pumpk in . 1 4.1 8.7 0.0 25.5 0.27 li 7.0 12.1 0.0 33.2 0.45

Benena 19 0.0 0.0 0.0 0.0 —  Q.0 19 0.0 0.0 0.0 0.0 0.9 uf>

Watermelon 0 - - - - - 0 - - ~ ~ - ur

Arrowroot 19 0.0 0.0 0.0 0.0 0.0 19 32.7 33.0 0.0 110.0 0.95

Citrus 19 0.0 0.0 0.0 0.0 0.0 19 0.0 0.0 0.0 0.0 0.0 —

Aquas Liquids 19 5595.5 283.8, 266.2 1153.81.00. 1.0... 19, 368.2... (144.2 159.8 ° 710.0... 1.00, =

_ TOTAL ooo... (19... 879.7. 359.9. 456.9 1599.6 1.00 ......, 19 1031.0, 432.4 439.4 2134.0... 1.00.

 

 

66

oeeeeemere



 

Pi os ‘o- mn rsa

Wie f ‘ ie
ul "; VU :

. ee

‘ Ne Ved. Sa

a

Table 22, Dietary intake in g/day for selected imported food items in the Ujelang Survey for adult males and females.

 

 

Adult Maies Adult Females

Loy = High Propor tion Low High Proportion

Food.Numoer Meano _. Valve. Value. of Nonzeros Number Mean = oa |. Value. Value | of Nonzeros

Baked Bread 36 31.8 33.4 1.5 180.90 1.09 24 30.3 33.5 3.2 180.0 1.00

Fried Bread 36 62.8 G79 6.7 372.0 1.00 34 72.0 55.6 6.7 186.0 1.00

Pancakes 36 A9.0 29.9 0.0 166.0 0.97 34 59.5 49.9 6.9 166.0 1.00

Cake 36 2.4 6.4 0.90 20.3 0.56 34 2.6 3.2 0. 10.1 0.85

Rice 36 240.6 123.5 36.9 5)4.5 1.09 34 233.5 130.6 36.9 656 .0 1.00

Instant Potatoes 36 67.7 102.8 0.0 355.0 0.72 32 125.8 133.0 0.0 . 443.8 0.94.

Sugar 36 "3.1 29.2 2-2 146.2 1.09 34 65.2 35.2 12.2 170.0 1,00

Canned Meat and .
Poultry 35 102.5 G1 .1 24.5 340.0 1.09 34 146.6 135.6 13.6 510.5 1.00

Canned Fish 36 97.1 100.2 0.0 509.5 0.97 34 145.5 156.7 2.8 523.2 1.00

Other Meat, Fish, .
Poultry 0 - - - - ~ 0 - - - - - -

Carbonated Drinks 36 360.7 224.3 50.9 1065.0 1.09 34 337.9 206.4 50.9 1065.0 1.00

Cenned Juices 36 197.8 263.9 0.0 1645.0 0.83 34 306.1 226 .9 0.0 1065.0 0.91

Milk Products 35 210.1 140.4 0.0 621.2 0.97 34 274.0 227.) 0.0 710.0 0.97

Onion } 0.0 0.0 0.0 0.0 0.0 2 0.0 0.0 0.0 0.0 0.0

Canned Vegetadies l 0.0 0.0 0.0 0.0 0.0 _0 - - - - -

Baby Food 0 - - - ~ - . 0 ~ - - - -

Cocoa 0 - - - - - } 177.5 0.0 177.5 177.5 1.00

Ramen Noodles 0 ~ - - - - ] 6.1 0.0 6.1 6.1 1.00

Candy OL,mo,re=. - oe, -ee, Oo...sel. mo, ~ ee.Tecan. -

TOTAL le.26 1494.6 486.1) 627.1 2720.5 1.00 34 1797.9) 690.2 457.7 3136.5. 1.00 |
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Table 23. Dietary intake in g/day for selected “sapor ted’ food items in the Ujelang Survey for children from 0 to 3 years and from 4 to

 

 

Child: 0-3 years Child: 4-Jl] years

Low High Proportion Low ~ High Proportion

Food ll,Number Meana. ,, Value | Vatue of Nonzeros Number | Meano .., Value. Value | of Nonzeros

Baked Bread 16 10.5 11.1 0.8 45.0 1.090 3? 21.1 16.8 2.2 67.5 1.00

Fried Breed 16 26.2 30.7 0.0 93.3 0.4] 37 a3.4 29.0 6.7 93.0 1,00

Pancakes 16 25.2 30.9 0.0 83.3 0.81 37 38.4 27.7 4.8 B3.90 1.00

Cake 16 1.5 2.9 0.0 10.1] 0.56 37 1.2 2.4 ‘0.0 10.1] 0.51

Rice 16 97 .0 £9 .8 0.0 343.0 0.8 36 153.7 94.2 24.6 343.0 1.00

Instant Potatoes 14 49.0 37.4 0.0 83 .f 0.93 3? 80.3 92.0 0.0 355.0 0.87

Suqar 16 44.9 34.0 2.8 85.0 1.09 3? 55.7 27.7 5.? 85.0 1.00

Canned Meat and
Poultry 16 49.9 67.7 0.0 255.2 0.8] 37 95.9 G7 .8 5.7 255.2 1.00

Canned Fish 16 43.4 63.6 0.0 251.8 0.81 3? 99.5 99.9 11.3 509.5 . 1.00

Otner Meat, Fish,
Pouttry ] 0.0 0.0 .Q 0.0 2 49.7 34.5 24.4 73.) 1.00

Carbonated Or inks 16 171.3) 116-5 0.0 355.0 0.85 37 226.5 120.7 50.9 532.5 1.00

Canned Juices 16 £4.5 105.1 9 355 0.41 37 157.8 149.9 0.0 $32.5 0.92

Milx Products - 15 123.1 125.2 11.8 a4 1.00 37 197.2 150.3 12.8 532.5 1.00 -

Cnion 0 - - - - - l 0.06 0.0 0.06 0.065 1.00 tp

Cenned Vegetables ] 24.4 0.0 24.4 21.4 1.00 Q - - ~ - - on

Beby Food } 68.2 0.0 69.2 68.2 1.00 0 - - - - - _

Cocoa 0 - - - - - i 0.0 Q.0 0.0 0.9 . 9.9 oO

Raren Noodles 0 -~ - - - - 0 - ~ -~ - - uw

Candy, Li... 0.5 ...0-0.....0.5.....0.5.....,1-00 boo,0.5... 0.0. .0.5...,..0-5.0000.. 1.0.

aTOTAL.iG 72GH23,, 326-4 | 203.3, .1493.0 1.000 37.1174.) 417.8. 374.0. 2547.6 1.00,
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Table 24. Dietary intake in g/day for selected imported foad items

in the Ujelang Survey for children from 12 to 17 years.

 
 

 

Low High Proportion

Food Number Mean o Value Value Nonzeros

Baked Bread 19 23.5 23.3 3.2 90.0 1.00

Fried Bread 19 52.8 36.3 ° 33.3 139.5 1.00
Pancakes 19 43.7 48.9 0.0 166.0 0.95

Cake 19 1.7 2.6 0.0 10.1 0.63

Rice 19 210.8 93. 61.5 342.0 1.00

Instant Potatoes 19 134.7 159.3 11.8 710.0 1.00

Sugar 19 67 .6 27.5 5.7. 65.0 1.00

Canned Meat and
Poultry | 19 123.5 4.8 24.5 361.4 1.00

Canned Fish 19 24.9 114.5 24.4 $09.5 1.09

Other Boat, Fish,
Poultry 0 - - - _ -

Carbonated Drinks 19 286.3 101.2 25-4 355.0 1.00

Canned Juices 19 220.2 259.0 0.0 1055.0 0.90

Mitk Products 19 247 .6 165.2 0.0 522.5 0.90

Cn ion 1 0.0 0.0 00 00 0.0
Canned Vegetables 0 - - = ~ ~

Baoy Food 0 - ~ ~ - -

Cocoa 0 - - - - -

Ramen Hoodies } 6.1] 9.0 6.1 6.1 1.0

Candy ., ..., 0 bie ae moe,Tle.Toe, Tolle -

TOTAL19 1537.6 478.5 1108.6 2720.9 1.00
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Table 25. Diet compar isons for adult males from the Ujelang Survey and

observations at Rongelap and Uterdk.

 

Ujelang Survey Roncelap and Uter ik?

Normal Famine maximum Diet

Food grams per Gay grams per day grams ‘per day

Fish 42 &9 163

shell fish? 5.8 7A 19
Clams 9.3 53 . 7.2

Coconut Crads© 3.4 4 9.6
Domestic meat? 19 32 21.6

Wild Birds 8.8 25 4.3

Egqs° 7.9 15 2.4

Pandanus 2.7 2 179

Breadfruit 13 58 283

Coconut Fluid 99 163 G2

Coconut Meat 32 125 204

Squesh (Pumpkin) 0.2 0.7 23

Arrowrcot 2.3 65 31.5

a Work performed at Roncelap end Uterik by Or. Jan Naidu of BNL. These are

preliminary data and a final report 1s in preparation.

b Marine crab and lobster.

c Includes land crabs.

d Pork and chicken.

e
Bird, chicken and turtle.
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Table 26. Summary of Dietary Sources and Corresponding Radionuctide Concentration Decay

Periods Assumed in Estimating the Ingestion Dose to an Individual From Birth

Through 70

Ingestion Period

Birth to Fourth Year

Fourth to Twelfth Year

Twelfth to Eighteenth Year

Adulthood

Years of Age

First Scenario

Rirth Within First Year

Dietary Source

Child 0-3 years

normal and fanine

Child 4-11 years

normal ard fa:nine

Child 46-11 years

normal and faaine

Child 12-17 years

norral and famine

Adult females

normal and famine

Decay feriod

Mone

8 years

Second Scenario

Birth at Close of Eighth Year

Dictary Source

Child U-3 years

normal and famine

Child 4-11 years

nermg3l and fa:nine

Child 12-17 years

12 years

18 years

normal and famine

Adult females

norma] and famine

Decay Period

8 years

12 years

20 years

26 years
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Table 27. Body Weights of Marshaliese Adult Males in Ke

 

Atoll Number X S M/N HAN

Uterik® g 69.0 12.9 59.5 92.7

Bikini? 18 71.9 12.4 50.0 100.5

Rongelap? 22 61.24 9.2 46.4 66.8

TOTAL 49 66.6 © «6.4 46.4 102.5

4A Twenty-Year Review of Hedical Findings in a Marshallese Population

Accidentally Exposed to Radioactive Fallout, Brooklaven hat. Lab., Upton,
New York, Bh-50424 (1975).

Di, Greenhouse, Brookhaven hat. Lab., private communication (June, 1979).

—— 5011 1b! oo.



Table 28. Average Daily Calcium-Intake for the Marshallese Female Diets
for Normal Conditions
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mg Ca Intake, mp Ca

Food per 100 g@ g per day per day

Fish 20 187 37

Meat 12 168 20

Breadfruit . 22 27 5.9

Pandanus 10 9.2 0.92

Banana 7 0.02 0.001

Lobster 45 5.1 2.3

Milk 120 274 326

Coconut meat 10 63 63

Coconut fluid 30 142 43

Bread 23 1Q2 23

Rice 10 234 23

Carbonated Drink gb 338 27

Canned Juices g> 306 25

Clams 100 8.9 8.9

Crabs 45 3.1 1.4

Potatoes 10 127 13

Eggs 25 11 6.1

Pancakes 215 60 129

Total 700 mg/day

43.R.C. Buchanan, A guide to Pacific Island Dietaries, South Pacific Board
of Health, Sava, Fiji (1947).

DILA.T. Pennington, Dietary Nutrient Guide, Avi Publishing Co., Westport,
Conn. (1976).

D011 1b2
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Table 29. Maximum annual dose rates in mrem/y for adult females in bot

normal and famine dietary conditions.

Type Pathway Year of

of Or gar Ingestion External Maximum

Location Diet Gamma Total Dose

Engebi (Janet) Normal Bone Marrow 192.7 55.72 250 10
Wholebody 175.7? 57.63 235 g

“Famine Bone Marrow 445.6 55.72 500 10
Wholebody 396.1 57.63 455 9

Engebi (Janet)
Northeast Quadrant Normal Bone Narrow 187.9 57.06 245 10

Wholebody 168.8 59.18 239 9

Famine Bone Marrow 436.74 57.06 495 1a

Wiolebody 560.6 59.18 449 G

Engebi (Janet)
Southeast Quadrant Kornal Bone Marrow 145.3 47,82 190 c

Wnolebody 135.6 49.33 1é5 4

Famine Bone Marrow 337.7 47.82 365 10
Wholebody 304.8 49.33 355 9

Engebi (Janet)
Southwest Quedrant Normal Bone Havrovw 128.5 50.56 180 g

kholebody 116.8 52.33 170 9

Facine Bone Marrow 302.) 50.56 35 10

Wholebody 262 52.33 3 G

Engebi (Janet)
Northwest Quadrant lWormal Bone harrow 260.7 64.4] 325 it

Wholebody 239.3 66.58 303 g

Famine Boné Marrow 604.1 64.41 670 10

Wholebody 544.9 64.4} 610 16

Aomon (Sally) Normal Bone Marrow 37.19 12.32 56 iG
Wholebody | 32.18 12.76 45 y

Famine Bone Narrow 85.47 12.32 56 10

Wholebody 72.86 12.76 56 Gg

‘ rN cn
1. {, I ‘ } ‘ awk.

piety, 3
fab gh Teo Gs
x bt uh , -” 4 oa ;
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Table 29 Continved Bie bw
“ inn! BR

Type Pathway Year of

of Organ Ingestion External Maximum
Location Diet Gamma Total Dose

Bijire (Tilda) Normal Bone Marrow 32.50 13.24 46 9
Wholebody 30.28 13.24 44 9

Famine Bone Marrow 76.62 12.79 89 10

Wholebody 68.57 13.24 82 9

Southern Islands Norma i Bone Merrow 2.520 1,228 3.7 3

Wholebezy 1.929 1.2&] 3.2 2

Famine Bone Mzrrow 6.639 1.135 7.8 5

Wholebody 4.625 1,261 5.9 2

Engebi (Janet)
Island/Northern
Islands? Normal Bone Marrow 180.2? 50.122 230 10

Wnolebody 163.4 51.66 215 9

Famine Bone Marrow 418.3 50.12 47 1G

Wholebody 371.5 50.12 42¢ 1d

Engebi (Janet)
Island/Southern

Islands Normal Bone Marrot: 35.76 49.14 &5 ©

Wholebody 23,52 49.14 73 g

Famine Bonc Marraw 106.3 45.95 150 11

Wholebody 61.13 49.34 11G Gg

Aomon (Selly)
Island/Northern Norpal Bone Marrow 37.685 13.86 52 10

Islands2 wnalebody 33.95 14.4) 4i g

Famine Bone Merrow 86.94 13.85 10} 10

Wriolebody 74.79 14.4) 89 g

“Ten percent of the coconut

b

epee 5011 14.

All of the coconut inteke is fron

intake is from the Northern Islands

the Southern Islands



Table 29 Continued

 

 

 

Type Pathway Year of

of Organ Ingestion External Maximsum

Location Diet Gamma Total Dose

Bijire (Tilda)
Island/Northern

Islands4 Normal Bone Narrow 33.56 14.22 48 9
Wholebody 31.32 14.22 46 9

2 Famine Bone Marrow 78.98 13.72 93 10

° Wholebody 70.85 14.22 85 9

“Southern .

Islands/Northern

Islands Norma) Bone Merrow 5.47 3.7) 9.2 9

Wholebody 4.62 3.71 &.3 9

_ Famine Bone Marrow 13.1} 3.7} 1? 9

Wholeboady 10.5 3.71 14 9

Engebi (janet) Normal Bone Narrow 155.5 40.43 195 2}

Birth through Wholebady 136.7 40.43 1&0 o1
7O yo

Famine Bone Marrow 365.1 40.43 405 21

Wholebody 30€. 40.43 350 2i

Engebi (Janet) Norma] Bone Merrow 112.8 57.63 176 1

Birth throug) Wholebasy 90.70 57.63 150 1
70 yd

Famine Bone Marrow 303.4 33.03 335 21

Wholebocy 256.6 33.03 290 2k

“Ten percent of the coconut intake is from the Northern Isianeds

“It is assumed that the child is born at the time of return and lives iis
entire lifespan on Enjebi (Janet) Island

d . . . . . oye i
Tt is assumed that the child is born at the time of return and lives his

entire lifespan on Enjebi (Janet) Isianad

a 901 b Tbs)
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Table 30. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Engebi (Janet) Island living pattern.

30 year Intesrai Lose,Ren 20 year Integral Dose, Rer

Pathway Wholebody Bone Marrow Wholebody Bone Marrow

Nuclide Normal Famine Norma} Famine Normal Famine Normal Famine

Ingestion oo

1376. 3.4 7.6 3.4 2.6 5.2 12 5.2 12

906. - - 0.42 1.2 - 0.66 2

239+2405,, _ - 0.0032 0.013 _ 0.0087 0.034

24) - - 0.0045 0.017 0.012 0.046

alo cares) - 0.0021 0.0077 ~ 0.0075 0.029

External Gamma

1370. + 600, 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0

Inhalation

2394240),| - 0.072 0.072 0.21 0.21

24)A ~ 0.042 0.063 - ~ 0.i1 0.11

74d (an) - - 0.014 6.014 - 0.056 0.050

TOTAL 4.9 9.1 5.5 11 7.2 14 8.3 16

a) soi ib
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Table 31. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Northeast Quadrant of Engebi (Janet)
Island living pattern.

 

  

 

30 year Integral Dose, Rem 50 vear Integral Dose, Ren

Pathway Wnolebody . Bone Harrow Wnolebody Bone Marrow

- Nuclide Normal Famine, Normal Famine Normel Famine Normal Famine

Ingestion

,

13764 3.3 7.3 3.3 7.3 5 11 5 1

906. - - 0.48 1.4 - ~ 0.75 2.3

23942405, - 0.003) 0.013 - - 0.0055 0.03.

24)A - 0.0045 0.017 0.612 0.024

241(Aan) - - 0.0021 0.0077 . - 0.0078 0.0249

Externel Gamma

137 6
Cs + °C 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0

Inhalation

2394240). 0.063 0.063 0.19 0.19

241A - - 0.036 0.036 - - 0.007 O.0%7

24ley (an) = 0.012 0.012 - 0.043 0.023

TOTAL 4.8 8.8 © 5.4 11 7.2 13 8.) 15.
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Table 32. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Southeast Quadrant of Engebi (Janet)

Island living pattern.

30 year Integral Dose, Rem 30 year Integral Dose; Rem

Pathway Wholebody Bone Marrow Who lebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion “

13705 2.6 5.9 2.6 5.9 4 9 , 9

705, - 0.028 0.82 - - 0.44 1.3

Qo

239+2405,, - - 0.0030 0.012 - - 0.0082 0.033

24A - - 0.0043 0.017 - - 0.022 0.045

2 22 a
41 by ( ey - - 0.0019 0.0074 = 0.0073 0.025

External Gamma

1376. + 600, 1.3 1.3 1.3 1.3 1.7? l. 1.7? 1.7?

“Inhalation

23942405,| - - 0.10 0.10 0.3) 0.31

284 0.059 0.059 0.16 0.16

41 oy (791 as) - 0.019 0.019 0.071 0.07}

TOTAL 3.9 7,2 4.4 8,2 5.7 10 6.7 12



 

Table 34. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Northwest quadrant of Engebi (Janet)
Island livang pattern.

 

  

 

30 year Integral Dose, Rem 50 year Integral Dose,Rem
Pathway Wholebody ' Bone Narrow Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Nornal Famine

‘Ingestion °

13765 4.6 10 4.6 10 7 16 7 16

906. - 0.52 1.6 - ~ 0.82 2.5
at +

239 2405, - 0.0034 0.013 - - 0.0096 0.036

24)a - 0.0047 0.017 ~ 0.013 0.047

41(Ata) ~ - 0.0022 0.0076 - 0.0082 6.029

External Ganma

13766 + 88cQ 2.7 1.7 1.7 1.7 2.3 2.3 2.3 2.3

Inhelation

2394240), - - 0.011 0.001 - - 0.32 0.32

241 An 0.034 0.034 0.091 0.091

241n (Ay - - 0.011. 0.02) . . 0.042 0.042

TOTAL 6.3 11] 7.0 13 9 18 10 2]

a 5011164
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Table 35. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Engebi (Janet) Island/Northerm Island
living pattern,

 

  

 

30 year Integral Dose, Ren 50 year Integral Dose, Ren

Pathway Wholebody Bone Narrow Wnolebody Bone Marrow

Nuclide Normal Famine, Norwal Famine Normel Famine Normel Famine

Ingestion

I37c. 3.2 7.1 3.2 7.1 4.8 11 4.8 11

90, - 0.42 1.2 - 0.65 2

2394240), - - 0.0032 0.013 - - 0.0086 0.034

24)
An - ~ 0.0045 0.017 - 0.0012 0.046

241ny (Alan) - - 0.0021 0.0076, - - 0.0075 0.029

External Gamma

13705 + % 1.4 1.4 1.4 1.4 1.8 1.8 1.8 1.8

Inhalation

2394240), - 0.067 0.067 - - 0.20 0.20

241 - 0.040 0.040 0.01) 0.011

241 (Aan) - 0.013. 0.023 0.047 0.047

TOTAL 4.6 8.5 5.1 10 6.6 12 7.6 15
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Table 36. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Engebi
living pattern.

(Janet) Island/Southern Island

 

30 year Integral Dose,Ren
 

30 year Integral Dose, Rem
 

 

mms si

Pathway Wiolebody Bone Marrow Whnolebody Bone Marrow

Nuclide Norma } Famine Normel Famine | Normal Famine Normal Fasine

Ingestion °

137. ,
Cs 0.54 }.3 0.54 1.3 0.77 1.9 0.77 1.9

906, ~ - 0.36 Le - - 0.57 1.8

239+240), - - 0.0029 0.012 - - 0.0078 0.044

241A - 0.0042 0.026 0.011. 0.037

i

24Cam) - 0.0018 0.0072 0.0069 0.027

External Garma

1376, + 600, 1.3 1.3 .3 1.3 1.7 1.7 1.7? 1.7

Inhalation’

3 \23942805, - - 0.061 0.061 - - 0.18 0.18

24 dan 0.036 0.036 0.094 0.094

‘4

PAL, canes - 0.012 0.012 - - 0.043 G.0-,

TOTAL 1.8 2.6 2.3 3.8 2.5 3.6 3.4 5.6
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Table 37. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Aomon (Sally) Istand living pattern.

 

  

 

30 year Integral Dose, Rem 50 year Integral Dose, Rem
Pathway Wholebody Bone Marrow Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion ;

"137 "
Cs 0.63 1.4 0.63 1.4 0.95 2.2 0.95 2.2

90-
Sr ~ 0.013 0.32 - - 0.020 0.51

2394240), - 0.003 0.12 - - 0.008 0.033

241A - - 0.0041 0.016 - - 0.01) 0.044

/

41a (tA) - - 0.0018 0.0072 - - 0.0068 0.027

External Ganomé

137), + 600, 0.33 0,33 0.33 0.33 0.44 0.44 0.44 0.44

Inhelation

23942405, - 0.020 0.020 0.059 0.059

24) an 0.0011 0.0011 0.036 0.030

aly (4 an) - - 0.0036 0.0034 - - 0.033 0.023

TOTAL 0.99 1.5 0.87 1.9 1.4 2.7 1.8 3.4

— WM 5511102 pont co



Table 38. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Aomon (Sally) Island/Northern Islands

living pattern.

 

30 year Integral Dose, Ren
 

50 year Integral Dose, Rem
 

 

Pathway Wholebody Bone Marrow Wholebody Bone Narrow

Nuclide Normal Famine Normal Farine Normal Famine Normal Famine

Ingestion -

13? Cs 0.64 1.5 0.64 1.5 0.98 2.2 0.98 2.2

90. - - 0.12 0.31 - - 0.19 0.49

239+240,, - 0.003 0.012 - - 0.0080 0.033

241ao - - 0.0041 0.616 - - 0.011 0.044

241, (4la) - - 0.0018 0.0072 - - 0.0066 0.027

External Gamma

13726. 4 890, 9.36 0.36 0.36 0.36 0.48 0.48 0.48 0.48

Inhalation

23942405, - 0.022 0.022 - 0.065 0.065

241 - - 0.015 0.015 ~ 0.04 0.04

261e (241A) 0.005 0.005 - - 0.018 0.018

TOTAL 0.99 1.9 1.2 2.3 1.5 2.7 1.8 3.4
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30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Bijire (Tilda) Island living pattern.

30 year Integre? Dose, Rem 50 year Integral Dose, Rem

Pathway Wholebody Bone harrow Wholebody Bone Marrow

Nuclide Normal Famine Nortal Famine Norma! Famine Normal Famine

Ingestion vO

137
Cs 0.59 1.3 0.59 1.3 0.9 2.0 0.9 2.0

90
Sr - - 0.064 0.20 - - 0.099 0.31

23942405, - 0.0029 0.012 - 0.0079 0.032

24) pen - - 0.0041 0.016 - 0.0011 0.043

41(an) - - 0.0018 0.0072 - 0.0068 0.027

External Garma

376 4 O05 9.34 0.34 0.34 0.34 0.46 0.46 0.46 0.46

Inhalation

2394240), 0.018 0.018 0.052 0.053

241 aos - 0.013 0.013 0.025 0.035

241 p,, (An) - 0.0042 0.0042 - - 0.015 0.015

TOTAL 0.85 1.7 0.99 1.9 1.4 2.5 1.6 3
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Table 40. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Bijire (Tilda) Island/Northern Islands

living pattern.

30 year Integral Dose, Rem 50 year Integral Dose, Rem

Pathway Wnolebody Bone Marrow Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion °

137
Cs 0.6] 1.4 61 1.4 0.93 2.1 0.93 2.1

905, - 065 0.20 - 0.10 0.31

23942405, 003 0.012 - 0.0079 0.033

241A 0041 0.016 - 0.0011 0.043

4
241, (? dam) - .0018 0.0072 - 0.0068 0.027

External Gamma

137 os 4 8%5 0.37 0.37 37 0.37 0.5 0.5 0.5 0.5

Inhalation

2394240), - .022 0.022 7 0.065 0.065

241 .015 0.015 - 0.04 0.04

24ley (tan) - .005 0,005 - 0.018 0.018

TOTAL 0.99 1.6 wl 2.1 1.5 2.6 )./ 3.1



 

  

 

Table 41. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Southern Islands living pattern.

30 year Integral Dose, Rem 50 year Integral Dose, Rem
Pathway Wholebody Bone Marrow Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion 2

137 ,
Cs 0.043 0.10 0.043 0.10 0.059 0.14 0.059 0.14

90 |
Sr = - 0.019 0.059 - - 0.027 0.086

23942405, - 7 0.0028 0.012 - - 0.0075 0.032

24) ,
Am - - 0.0037 0.015 - ~ 0.0057) 90.041

2Alpy (Alan) = - 0.0016 0.0067 - - 0.0059 0,025

External Garma

137 60
Cs + Co 0.026 0.026 0.026 0.026 0.034 0.034 0.034 0.034

Inhaletion

2394240), - 0.00060 0.00060 - - 0.0018 0.0016

241
An - 0.00046 0.00046 - 0.0012 0.0012

ate (Flan) - 0.00015 0.00015 - ~ 0.00656 0.06056

TOTAL 0.069 0.12 0.10 0.22 0.089 0.158 0.1? 0.36
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Table 42. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Southern Islands/Northern Islands

living pattern. .

 

  

 

30 year Integral Dose, Rem 50 year Integral Dose, Rem

Pathway Wholebody Bone Marrow Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion -_

137
Cs 0.099 0.23 0.099 0,23 0.15 0,33 0.15 . 0.33

90
Sr - - 0.071 0.066 - - 0.031 0.094

239+240,, - . 0.0028 0.012 - 0.0075 0.032

241 :
An - - 0.0037 0.015 : 0.0097 0.041

241} 241Pu (Am) - 0.0016 0.0067. - . 0.0060 0,025

External Gamma

13705 + 9%, 0.096 0.096 0.09% 0.046 0.13 0.13 0.13 0.13

Inhalation

? i

394240), - 0.0060 0.0060 . 0.016 G.018

28) - ~ 0.0045 0.0045 . 0.012 0.012

2415 (A an) - ~ 0.015 0.015 - - 0.054 6.054

TOTAL 0,2 0.33 0,25 0.46 0.28 0.46 0.32 0.56
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Table 43. 30 and 50 year integral doses in rem for a child* under normal and
famine dietary conditions for the Enjebi (Janet) Island living

 

  

 

pattern.

30 year Integral Dose, Kem 50 year Integral Dose, Rem

Pathway Wholebody Bone Marrow Wholebody — Bone Marrow

Nuclide Normal Famine Normal Famine . Normal Famine Normal Famine

- Ingestion “

1370. 2.7 5.9 2.7 5.9 4.5 9.9 4.5 9.9

90. - - 0.36 lel - 0.60 1.8

623942405, - 0.0028 0.0097 - - 0.0081 0.029

24)A - - 0.0037 0.023 - 0.0)) 0.038

24.5, (A4lan) - + 0.0017 0.0059 - - 0.0072 0.024

External Gemma

1370, + 6005 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.9

Inhalation

2394240), | - - 0.072" 0.072" - - 0.227 6.217

+

24d A ~ ~ 0.042 0.072" 0.1) 0.21

24d (tan) - 0.014" 0.072" - 0.050" 0.050"

TOTAL 4.2 7.4 4.7 8.7 6.5 12 7.5 14

tL

“It is assumed that the child is born at the time of return and lives his
entire life span on Engebi Island

+ ; . ; . ; ;
Adult data used because no information is available for chilcren; this

probably overestimates the dose due to increased dictery antake of the adult

5011718 : bie
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Table 44. 30 and 50 year integral doses in rem for a child* under normal and

famine dietary conditions for the Engebi (Janet) Island living

 

  

 

pattern.

30 year Integral Dose, Rem 50 year Integral Dose, Rea

Pathway Wholebody ' Bone Marrow . Wholebody Bone Marrow

Nuclide Normal Famine Normal Famine Normal Famine Normal Famine

Ingestion °

1376, 2.8 6.3 2.8 6.3 4.3 9.6 4.3 9.6

906. - 0.40 1.2 - - 0.60 1.8

23942405, - - 0.0029 0.0099 - - 0.0082 0.029

241 - ~ 0.0039 0.013 - 0.011 0.038

241, (A4t An) - - 0.0018 0.0059 . 0.0072 0.024

External Gamma

Pe

13706 4 606, 102 1.2 1.2 1.2 1.6 1.6 1.6 1.6

Inhalation

2394240, ; _ 0.072 0.072" - - 0.23, 0,21"

24) - 0.042" 0.042" - O41" 0.11"

4 _.t
24d (At) - ~ 0.014" 0.0147 - ~ 0.056 0.059

TOTAL 4.0 7.5 4.5 8.9 5.9 ]2 6.9 14

* . . . ; .
It 18 assumed that the child is born 8 years after return and lives his

entire life span on Engebi Island

*tAdult data used because no information is available for children; this
probably overestimates the dose due to increased dietary intake of the adult

|
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Table 45. 24lan soil Analysis for. 0-15 cm. Soil concentrations less than the MDA are set to the MDA.

 

 

Arith

mean xX Krige's method Quantiles 99% Maximum
Sample No. pcifg 7a r-test> x s C.V. m s x % 3x £5 opCi/g sample |

1 .

Engebi total 99 4.6 0.5 0.5 5.4 10.3 1.9 5.6 12.2 73° 93 50 98

NW 30 4.9 0.4 0.5 5.1 5.8 1.3 5.9 8.7 69 93 40 97

NE 26 5.9 0.6 0.5 7.0 13.1 1.9 8.3 22.7 73 92 83 93

SW 12 2.3 0.6 0.5 2.6 4.2 1.6 3.7 15.1 71 91 41 90

SE 27 4.0 0.3 0.5 4.3 5.6 1.3 4.6 7.4 69 93 34 96

Ae] 12 5.5 0.6 0.5 7.6 20.0 2.6 15.2 168 78 90 218 88

Alembel 13 1.5 0.6 0.5 L.7 1.7 1.1 2.1 4&1 70 93 L6 86

Aomon 35 1.6 0.5 0.5 1.4 1.8 1.3 1.6 2.7 74 95 Lk . 99

Bijire 15 1.4 0.4 0.5 1.4 1.6 1.2 1.7? 3.7 71 93 14 95

Billae 3 1.1 0.5 O.1 1.2 1.2 1.0 2.9 27.5 71 89 36 84

Lojwa 15 0.7 O.1 0.5 Q.7 0.2 0.3 0.7 Q.2 56 100 1.4 97

Mi jikadrek 5 3.5 -0.8 0.5 3.5 1.4 0.4 3.6 1.6 54 100 8.4 88

Kidrinen — 7 4.9 0.9 0.5 4.6 7.5 1.6 9.9 84.5 74 89 133 87
Elle 6 5.7 0.0 0.5 5.2 7.5 1.5 9.8 41.2 70 94 35 97

Bokenelab 4 3.3 0.0 0.5 3.4 L.6 0.5 3.7 2.4 59 100 8.8 74

 

4Shift parameter pCi/e.-

bAcceptance level ranges: 4 < 0.05, .05 < +r < 0.1, O-L<« r< 0.5, r¢ O.5.

SQuantile of the Krige m position.

499% percentile value in pCi/g. a

ge

aaa _
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Table 46. 13’cs Soil Analysis for 0-15 cm.

 

 

 

Arith

mean x Krige's method Quantiles 99x%4 Maximum
Sample No. pci/e Ta r-testP x s C.V. m s x £5 3x Zo pCi/g sample 7

Engebi total 99 18.5 - 2.1 0.5 18 .6 18.0 1.0 19.0 19.0 64 + 96 92 100
NW 30 24.4 - 2.9 0.5 24.7 27.6 1.1 26.1 32.5 66 94 154 98
NE 26 19.6 -17.2 0.5 19.5 13.2 0.7 19.8 14.1 56 98 64 96

SW 12 10.6 0.0 0.5 JO.5 9.5 0.9 11.6 13.3 64 94 64 92

SE 27 14.6 - 2.5 0.5 14.7 10.9 0.7 15.1 12.1 61 97 59 93

Aej 12 8.8 0.0 0.5 9.9 15.2 1.5 12.9 33.5 71 90 130 89
Alembel | 13 2.9 0.0 0.5 3.0 2.6 0.9 3.3 3.5 65 94 17 92
Aomon 35 3.2 QO.1 Q.5 3.3 4.4 L.4 3.5 5.5 70 93 25 97

Bijire "45 3.6 0.6 0.5 3.7 3.4 0.9 4.1 4.9 65 94 23 96

Billae 3 1.1 0.0 0.5 1.1 0.9 0.8 1.3 1.5 61 93 7 87

Lojwa 15 1.2 Q.0 0.5 1.2 0.7 0.6 1.2 0.8 ol 90 4 95

Mijikadrek 3 6.5 0.0 0.5 7.9 7.0 1.0 10.0 18.2 63 89 80 76

Kidrinen 7 10.0 -2150 0.5 10.0 5.6 0.6 10.0 6.2 50 100 24 89

Elle 6 12.2 1.7 0.5 13.0 18.7 1.4 25.1 134.3 70 88 320 89

Bokenelab 4 7.6 5.2 0.5 7.6 2.9 0.4 9.4 12.5 65 96 50 86

4Shift parameter pCi/g.

bacceptance level ranges: xr < 0.05, .05 <r < 0-1, O.1 < re 0.5, r< 0.5.

CQuantile of the Krige m position.

499% percentile value in pCi/g. . Tou
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Table 47. Radioanalysis of local foods for Bikini and Eneu Islands

Arith

mean X Kripe's method Quantiles 99% Maximum
Sample No. pCi/g Ta r-test? % 8 c.V. m s x & 3x 25 pCi/g sample %

Bikini Coconut

meat, l3’cs_ 8 233 -1.9 0.5 233. «108 )~=—O0.S 233119 59-100 589 89

Bikini Coconut

meat, & juice,

37 Cg 8 127 -113 0.5 127 95 0.7 133 110 63 98 480 95

Eneu -Coconvut

meat, '3’cs 15 28 ~1.4 0.5 2? 21 0.8 29 25 63 98 104 98

Eneu Coconut

meat, 205, 9 0.02 0.0 0.5 0.02 0.02 0.8 0.02 0.02 63 97 0.1 95

Eneu Coconut

meat, & juice,

Cs 16 19 -1.4 0.5 19 15 0.8 20 18 64 97 76 97

Eneu Coconut

jytee only,
37¢¢ 15 8.0 -0.7 0.5 7.9 6.1 0.8 8.3 7.2 63 98 31 97

Eneu Papaya

loles 7 16 6.0 0.5 16 12 0.7 17 14 63 98 61 95

4Shift parameter pCi/g.

bAcceptance level ranges: r< 0.05, .05 < r <« 0.1, O.L e r « 0.5, r < 0.5.

SQuantile of the Krige m position. ' .

do9% percentile value in pCi/g. io
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