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INTRODUCTION

The Enewetak people were rglocated to Ujelang Atoll in 1948 so
that the United States could conduct part of its nuclear testing program
at Enewetak Atoll. 1In 1972, at the request of the Enewetak Council, the
U.S. Government began the process of returning Enewetak Atoll to the
Enewetak people. A parf‘of the U.S. Government's responsibility was to
determine the radiological status of the atoll and 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 1973.1

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) 137¢cs and 90Sr were the most significant
radionuclides over the next few decades, (3) living patterns 1nvolving
the northern half of the atoll would result in radiation exposure that
would exceed U.S. Federezl Guidelines--the southern half of the atoll
presented no preblem for either residence or agriculture, and (4) the
transuranic 1sotopes presented a long tert source of expousure 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 chsins. In addition, new data were

developed for external gamma exposures and soil radionuclide

\
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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 nmow 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 iiving patterns based on all of these new data were quite
short. Initial requests for the assessment by May 1979 were impossible
to meet because time to collec: and analyze the samples and evaluate the
aata 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 subsistcnce foods were began on Enewetak Atoll in August
1975 and on_Bikini Atoll in August 1977. Samples from these projects
wvhich involved planting and harvesting the subsistence food creps, have
only become available in the past year and a half, and the data base for
each subsistence crop is not &s 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 determinc the concentration of 137Cs and 908:
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 Atcll. However because of time and budget

restrictions, only samples on a 100-m grid were analyzed for 905 and
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137Cs; these samples form the basis for evaluating the terrestrial A

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 gammz 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 arc 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.

261

Data are still unavailable for the U concentrztion in the

241Pu soill data collected in

soil on the islands. Wc, therefore, usec
our test plot on Enjebi (Jznet) Island to detcrmine the "grow-in" of
2l“lAm, the daughter product of 261p,. we extrapolated the observed
281py /241 pon ratio from Enjebi (JancL) Island to the rest of the
islands at the atoll to develop an initizl evaluation of the impact of
241 pg "grow-in" from 241p,, However, we know the ratio will vary at
the atoll and this analysis only serves to indicate the relative
magnitude of 241py 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 -

901 1b82



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 gemmaz and beta
(2) Internal Exposure
a. Radionuclides in terrestrial foods
b. Radionuclides in marine foods
¢. Radionuclides in drinking water
d. Radionuclides inholed

The natural background at the atoll is 3.5 r 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 lMeasurements

External exposure rates for 137Cs and 60Co, as well as the

241

surface (0 to 3 cm) concentration values for 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
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(HPGe) tector having a surface area of 19 c¢m? and a thickness of jiJV\LT U
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 gamze rays of energy E at s height h above a smooth

-air-ground interface resulting from an emitter distributed in the soil

(Fig. 2) is given by:

« « S_exp [-(. h sece + L 2 sece )]
c

S

2- rdrdz, (1)

43 (h sec e + z sec 6)2

where
. . hotons .
Sv = the sourcc activity per unit volume (F ), and
: Cn  Scc
U ¥ = the air and soil tctal linear attenuztion

a’ s

coefficients (cn 1),
This expression assumes a source distribution that varles only with
depth. For fallout activity the distribution after a period of time can

be reasonably approximated by an exponentizl distribution given by

s =8° ¢ *7 (2)
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s° = ¢tn Co . photons .

v - e activity per unit volume at the surface 3 y and

cm” sec
o = the reciprocal of the relaxation length (cm™!)

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

-

y can be given in terms of an effective detector

incident at an angle

area, A, defined by

N

= R

A3

The effective area, in general, varics as a functicn of the gamza

ray angle of incidence and is normally written as

A= AR, ()

where
Ay = the detector photopeak-count-rate for a unit flux incidcnt
. s
perpendicular to the detector face ;p , and
y /cm” - sec
to that

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

at 0 = 0°,
Both AO and R(Z) are determined experimentally as a function of
energy; calibrated reference sources are used with the detector mounted

in its standard field configuration.
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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

Y/cm3—sec
eps )

o . . .
factor, Sv/Np, as determined above is in units of For a

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

activity per unit area, SZ’ using
)
5 Fos% e it (5)
7 ‘f Sv e dz = o
)

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, sz’ is given by

Z .
s? =1 Js2 e e (6)
v YA Vv
[}
[e]
= (l-e '
...7_
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Once the conversion factor relating the net photopeak counts,
. . o . .
Np, to the activity per unit volume at the surface, Sv’ 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,, and

A!
for the average activity per unit volume in the top Z centimeters, Sz.

By dividing the SZ by the soil density, in g per cm3, the results can be
expressed in units of astivity per unit mass.

Table 1 shows the‘conversion factors for 137Cs 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 ] meter level. These results
were obtained directly from the total activity per unit area conversion
factors using data given by Beck, et al.3,4

Various assumptions must be made to derive these conversion
factors.1s3 The most significant assumption is made for the depth
distribution. In general, it 1s 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 a situation
where the depth distribution varies significantly from point to point
within a given area, as on many islands at Enewetak, it 1s 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 137Cs has a relaxation length on the order of 10 to
15 ¢m. 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 {or a
15 cm relaxation length. More precise data can be obtained for any

given area if the depth distribution is better known.

-8 -
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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 te rather large varia-
tions or uncertainties in the depth distribution. Compafisons made be-
tween exposure rate values determined using in situ techniques with those
obtained with a pressuriz;d ionization chamber are in general quite good
(see, for example, Beels, et al. (4) Table 21).

The conversion factor used for 137Cs was 3.6 R/h per cps.
Céncentration values may be obtained from the exposure rate values by
multiplying the appropriate ratio of the conversion factors given in
Table 1. For 6OCo, a conversion facter 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 pezks could be used to determine
the total exposure rate resulting from 60Co; bgth should lead to the
same result. In practice, however, some measurements were slightly
different in the two results. In thesc cases thc average valuc was used.

The minimum detectable activity (¥Da) for the in situ results was
set at the 30 level where sigmz equals the square root of the sum of thc
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 241Am, 0.2
R/h for 137Cs, 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~- L;Q/ij\lL;-d

tion and measurement methodology for in situ determination of 281pn at
Enewetak Atoll. This draft report will be expanded to include 137¢4
and 60Co, although the methodologies are very similar.

With the exceptions of Bokinwotme (Edna), Taiwel (Percy), and
Lujor (Pearl), IMP measurements of 137¢s, 60co, 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 summarizéd in R per h for 137¢ and 60Co, respectively.
Average surface soil concentrations, in pCi/g, for 24]pn are surmarized
in Table 4. 1Two types of mean results are presented In each table--those
computed with the actual measurement results

and those computed by substituting £he appropriate MDA value for all
measurement results less than the MDA. VWhere no meazsurement 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 1is all of Bokaidrikdrik (Helen) that remains.

Mean results for the quadrants of Enjebi (Janet) reflect the following
allocations of the baseline data: north baselinc to the northeast
quadrant, east baseline to the southeazst quadrant, south baselinc 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 L Lt
for the land mass created between Eleleron (Ruby) and Aomon (Sally) by
the Pacific Area Createring Expe;iment (PACE) tests. Results for Loj)wa
(Ursula) are preliminary. With the exception of the Billae (Wilma)
60¢o 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¢co
means reflect the differe;ce expected when a significant number of the
measurement results are less than the MDA and the maxinun observed is
not significantly higher.
. In our calculations of the externzl dose due to 137Cs and

60Co, we have used the mezn valucs based on the actual measurement
results for the islands Enjebi (Janet) through Billae (Wilma). For
Aomon (Sally) we have weighted the mcan results for Aomon (Sally) and
Aomon (Sally) west tip according to their respective arcas: approxi-
mately 40 hectares for Aomon (Sally) and approximately 3.4 hectares for
Aomon (Sally) west tip. In the case of the southern islands, Jinecdrol
(Aivin) through Kidrenen (Keith), we have uscd the results reported 1in
reference 1 (pg. 501): 0.2 R/h for 137¢s and 0.1 R/h for ®Oco.
Decayed from 1973 to 1979, the external exposure rates for 137¢s and
60¢, among the southern islands are currently estimated at 0.174 and
0.0454 R/h, respectivecly. To convert from exposure rates to dose
rates, a'facLor of 6.24 mrem/y per pR/h was used.

Beta doses have been measurcd on Enjebi (Janet) Island and
Bokombako (Belle) Island at Encwetak Atoll.? The measurements were

made at 1 meter height using thermoluminescent Dosimeters (TLD's) with

- 1] -
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varying thickness of aluminium absorbers. The "shallow doses" ;i )'J N

calculated for Enjebi (Janet) Island are approximately 1.l 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 ] mrem in 30 y. The shallow
dose contribution from the beta emitters cannot be summed with the bone
and wholebody aoses prese{ted in this paper; 1f 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 externz} dosc from beta

emitters.,

Inhalation Calculations

Respirable 293+240p,, 4nd 241pn are calculated using data
developed in resucpension experiments conducted at Enewetsk Atoll in
February 1977 and Bikini Atoll in May 1678. A brief description of the
methodology is given here but more detail and discussion can be found in
a paper currently 1in press.6

The study conducted on Bikini Island in May 1978 provided a more
conplete set of data, following our preliminary studies on Enjebi
(Janet) Island of Enewetak Atoll in February 1977. (Subsequent studies
were conducted on Eneu Island of Bikini Atoll.) The Bikini Island study

utilized extensive soil sampling and in situ garma SpectroScopy to

determine isotope levels in soil and vegetation, various air sampling

3011691

— o

v

|



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 vehichar 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:@/m3. The
Bikini experiments show that 34._g/m3 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
thérefore about 21;g/m3. The highest te;restrial mass loading
observed was 136Hg/m3 immadiately after bulldozing.

Concentrations of 239+240p payve been determined for
collected aerosols for normazl ground cover and conditions, i.e. “normal‘
conditions', in coconut groves, for areas 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
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.have defined an enhancement factor (EF) as the 239*240p, concentration
in the collected aerosol mass divided by the 239"Fzz’DPu surface soil
(0-5 cm) concentration.

The EF obtained from standard Hi Vols for normal conditions
is less than 1l; the EF for the worst case, high activity conditions 1is
3.1. Table 5 gives a summary of the observed EF at Bikini and Enewetak
Atolls. )

The EF of less than 1 (EF<l) for Hi Vol data for the normal
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 cm 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 ¢m soil sawmple. 1In
addition, approximately 10 percent of the mass observed on the filter 1is
organic which we know has a much lower Pu concentration ther 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 0-5 cm soil sample.

We have developed additional enhancement factors (PDE) from
personal dosimeter data. These data are normalized to the Hi Vol data
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 enhancemcnt used to estimate the

amount of respired Pu is the combination the Hi Vol and personal
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dosimeter values. The effective enhancement used for normal conditions ' | Cou ,
| —— e e b —

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 b a day under normal conditions. Finally a breathing rate of 20 m3
per day and the surface soil concentration (0-5 cm) for each island is
used to complete the cal;ulation for Pu and Am intake via inhalation.

The Am concentrations in the surface soil were measured by high resolu-
tion gamma spectroscopy (Appendices A and B). The Pu concentrations were
estimated by using the conversion ratio (239+240p,,2414n) 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 1s a major
source of exposure to the transureanic radionuclides but is a minor

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

Drinking Water

The drinking water pathway contributes a very small portion of
the total dose received via all pathways.7’8’9 However, we have
included an evaluation of this pathway to demonstrale its relative

contribution and to complete the assessment of all major pathways.
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The radionuclide concentration data used to evaluate the drinking i ;

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 cistern water. The total fluid
intake involving the use of cistern water and well water was détermined

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 program 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 soil profile samples were collected over the following
increments: 0-5 cm, 5-10 cm, 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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. bl
Subsequent to scraping the sidewall to avoid any possible contamination _/ Al Al

from the digging process. The 0-5 cm sample was collected from a .
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 sam#led. The next sample was then
taken from the entire deékh of the increment (i.e., 5-10 cm) from an
area about 25 cm square within the enlarged region (35 em x 35 cm).

This procedure was repeated until the final increment of 40-60 c¢m had
‘been collected. A total of approximately 500-300 g 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 gamna spectroscopy to deter-
mine the 137¢s concentration and by wet chemistry procedures to deter-
mine the concentration of °0Sr and in some cases 239+21‘0Pu, 241Am,
and 241py.  Gomma spectroscopy of the soil samples for 137¢s was
accomplished using Nal Crystals ané high resolution, solid state germa-
nium diode systems. Strontium - 90, 239+2A0Pu, 2l‘lAm, and 241lpy
were analyzed by current state of the art wet chemistry procedures by
Eberline Corporation.

The radionuclide concentration for the profile for 0-5 cm,
0-10 cm, 0-15 cm, 0-25 cm, 0-40 cwm, and 0-60 cr, 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 ey lir:}‘

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 northern 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/pCifg dry
weight in soil) for each radionuclide, using data obtained from our test
plots on Enewetak and Bikini Atolls, 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 feor
137Cs, 9OSr, 239+240py and for 2%1am 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 thit depth encompasses most cf the
root zone of the subsistence plants we have looked at on Enewetal and
Bikini Atoll. A report on the root activity (10) of large maturc
coconut and banana trees showed most of the activity in the 0-00 cm

depth which is consistent with our observations of the physical location

9011697



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 cpncentrations 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.l The
239+240Pu and 2%1an 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 -

23011698



—— o
I

Diet oo, e
| S W

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 schgol 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 0 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 LL?'L}C“; uii
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)
¥esu1ts 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 Ujelang; it provided deta on certain specieal
diets for certzin types of individuals such as pregnant women; and
served a5 a census document for locating individuals for the I!D
survey.' The completed IMD questionnaires provided, when known, each
surveyed individuals name, age, sex, height, weight, sickness {requency,
prior medical treastment, x-ray history, radiation therapy history,
parental data, and preference for various subsistence and ioported foods
under both normal and famine conditions. Consumed quantities of each
food item preferrcd were expressed in 12 oz beverage can volume

equivalents per day, week, and monti,. Pritchard's memorandum provided
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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 O 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 deterwine the total
number of individuzl food items indicated as préferred. Once this was
done, we established a standard computer card formst for all the food
items and then transferred each individuzls 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 individual 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 orgau was preferred, but no relative
preference given, 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
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weights for canned or packaged foods were used. In still others, like ‘}ﬁﬁiﬁﬁQ

o4
some marine foods, densities in grams/cc were computed and used for the glgﬁg?/ﬁ\
u-.; / @(
. . . . N K A
conversion. Some assumptions were also made where a specific food item Q?A“.éiﬁ

was unavailable. 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 im our dietary means: We have included the results
reported by Pritchard, ;ﬁere 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 obtein
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, 1s consumed coohed
rather than uncooked. Fifth, there me2y 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. TIc
be more precise in the can conversion data would require detzlled
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 5535
subsistence foods under normal and famine conditions for adult males,
adult females, and children in the O to 4, 4 to 12, and 12 to 18 year
ranges, respectively. Results for imported foods (normal conditions
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 1978.10  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 "faminé 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 yea;s or mere for these trees to
develop on Enewetail to the stage they have on Rongelap so that suificient
fruit would be available for a higher consurption. Although the coconut
meat and milk intake are separately different the combined intake 1is
similar.

Dr. Naidu reports that the "normal diet," which is the one that
exists most of the time at the atolls, could be detercined by dividing
the maximum diet data by a factor of 6 or 7.11 When this is done the
results are comparable to the normal diet developed froz the Ujelang

Survey. 1In addition, Dr. Naidu stated that the womens diet is
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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 “éﬁ\
1967 at Majuro Atol1l2 the average coconut use was approximately-O.S
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 ihe 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 datz 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.
1,7

The "LLL" diet used in previous assessments was developed from

13 14

observations 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 conservative, i.e., overestimate the intake 1if
anything. From the recent Ujelang Survey it appears that that was 1ndeed

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

previocusly used.
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Living Patterns {sﬁﬁﬂﬁé

Doses have been estimated for three major living patterns at
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 return we assume the
coconut, breadfruit and Pandanus Fruit will ceme 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 (Wilme) . Ten percent of
the coconut intake is assumed to come from these other
northern is}ands otherwise all consumption is again from
food crops on Enjebi (Janet) Islanc. The sace situatiom
applies for the first 8 y.

c. Enjebi (Janet) Island as the residence island with all
coconut from the southern islands Jinedrcl (Alvin) through
Kidrenen (Keith) and 15 percent of 2 persons time spent on
the southern islarnds. The rest of the local food

consumption would be from Enjebi (Janet) Island with the

same situation for the first 8 y.
- 26 -
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The Enjebi (Janet) Island living pattern results in the highest ££§:> N

predicted doses for the living patterns evaluated in this report.

2.

a.

The

dicted doses

3.

.'.) ';'J"
Ly /‘

gz

The southern islands [Japtan (David), Medren (Elmer), and

[

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 1islands.

o~

-

The southern islands [Japtan (David), Medren (Elmer), and
Enewetak (Fred)] as the residence islands with 10 percent of
the coconut intake from the nerthern islands Mijikadrek
(Kate) through Billae (Wilma) and 15 percent of a persons
time spent on northern islands.

southern islend living pattern results in the lowest pre-
for the living patterns evaluated in this report.

Aomon (Szlly) and Bijire {Tilde) as the residence islands
with 100 percent of a persons time spent on these islands
and all local foods from these islands. Coconut, bresdfruit
and Pandaus Fruit will come fros the southern isiancs i? the
first 8 years.

Aomon (Szlly) 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 loczl foods would coume
from Aomon (Szlly)/Bijire (Tilda) with the usual exception

in the f{irst 8 y.
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The doses projected for these living patterns are based upon the & ;;‘5“
‘.;(/:l ’ .f Vs
adult female diet which represents the maximum intake for adults. The - Z/A.; ,
. (ST SR
o~ TN
. . > VRN
doses are also estimated for two cases from birth through 70 years for T4re R

4

~

Enjebi (Janet) Island only.

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

of return 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
return to Enjebi (Janet), and also resides there continuously for the
next 70 y. All subsistence foods consumed during that lifetime are
assumed to originate from Enjebi (Janet) only. This is consistent and in
keeping with our first scenario in which externzl sources of Pandanus
Fruit, breadfruit, coconut meat, and coconut fluld 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 averagc child in
the O to 4 year range. In the first scenario, there 1s no decay
correction applied to the radionuclide concentrations at the time the
diet begins. However, in the second scenarlo, 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
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the fourth to the twelfth years of life, ingestion dose is based on the 4fh
: . L &0 A
dietary intake of an average child in the 4 through 11 year range. For O
A
. . . . . Vo
the first scenmario, two decay period corrections are applied to the VA :?@
y o
Ué/\i,§

radionuclide concentrations. The first occurs at four years and is the
point at which the 4 through 11 y range diet commences. The second
occurs at eight years and 1s the point at which all subsistence foods
commence to originate from Enjebi (Janet) only. With the second
scenario, a single decay beriod correction is applied at 12 years: the
point at which the 4 to 12 y range diet commences. Ingestion dose 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
comnencement of the 12 to 18 y range diet and occur at 12 and 20 y (12 ¥
since birth), respectively. For adulthood, the eighteenth through
seventieth years of life, we have assumed the ingestior dese to originzate
from the dietary intake of adult females. Decay period corrections for
cormencement of the aduyt female diet are 16 v for the first scenario and
26 y (18 y since birth) for the second.

Inhalation and external doses estimated for each scerario reflect
the previous assumption of continuous residence on Enjebi (Janet). In
the first scenario, inhalation and external source contributions commenct
with the first year of return to Enjebi (Janet). With the second
scenario, a decay period correction of eight years 1is applied to the
inhalation and external! source contributions before the dose estimates
are made.

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

are calculated for normal and facine dietary conditions.
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DOSE CALCULATIONS i\ .
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Body and Organ Weights RANY
y g g " 2

Data from the Brookhaven National Laborat.orylS!16 have been
summarized 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 near’the 70 Kg value of reference man.l7 As a

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

dose calculations.

90gy Methodology

Bone marrow doses and dose rates are calculated in two steps. First
the model of Bennettrs’lg’zo is used to correlate the 29Sr concentrations
in diet to that in mineral bone. Next the dosimetric model developed by
SPiCTS21 is used to calculate the bone marrow dose rate from the concentra-
tion in mineral bonsz.

Bennett's model is an empiriczl model developed from 90sr concentra-
tions in New York and San Francisco foods and autopsy bone samples. The
concentrations in the diet resulted {rom world wide fallout. The model 1is

9OSr concentration in bone for the low levels

90,

thought to best reflect the
found in the Marshall Islande; it uses as input the actual dietary
concentration and the output is the actual 905: concentration in minera

bone determined {romw analysis of autopsy samples. It also includes agc
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 1is

....30..
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rather insensitive to calcium intake unless it greatly exceeds 1.0 g per day <

or is less than 0.3 g per day {personal communication, B. G. Bennett and

J. Harley). Therefore, the similar nature and the similar intake of Ca for
the overall Marshallese diet relative to U.S. diets would indicate no major
problems in applying the 90sr model to the Marshallese population.

Using Spiers model the dose rate, D, to a small tissue filled cavity
in bone is calculated from the 905r concentration in mineral bone. Then,
from geometrical considefﬁtions, the dose rates to the bone marrow, Dm, 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
duoted in UNSCEAR?? 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/gmCa.
These dose rates are determined directly and not by comparison to radium so
that "rads" are equivalent to "rems." Since bone marrow is considerec a
blood forming organ (annual dose limit equals 500 mrem/yr) and endostcal
cells are in the "other organ' category (annual dose limit equals 1500
wrem/yr), the bone marrow dose is the critical organ in bone (1CRP23) for
9OSr.

Example calculations of the model are given in Appendix D.
137Cs and 6OC0

For 137Cs and ®9Co the wethods of ICRPEA’ZS and NCRPZ® as developed by
Killough and Rohwer in their '"IKDOS" code??
This code is used as published; however, the output is modified to show

the body burdens for each year. For 137Cs, which 1is of major importance

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

- 3] -
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with half times of 1 and 115 days, with 15 percent of the intake going to (--,:fﬁf
ot
& -
the 1 day compartment and 85 percent to the 115 day compartment. These é £ / /AQ
€ty WO
. «7/% o
data are consistent with preliminary data obtzined by Brookhaven National <

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 femzles the mean value
is 109 days with a range of 50 days to 630 days.

The model for ©0co {E a three compartment wmodel with half times of
6 days, 60 days and 800 days with 60 percent, 20 percent, and 20 percent
of the intake respectively.28

137

More detail and exawmple calculations for Cs and 6OCo are

given in Appendix D.

Transuranic Radionuclides Methocdolog:
Inhalation. The inhalation mocdel used for the various isotopes of
. . . o0 2 .
plutonium and for 241az is thet of the 1CRP Task Group-? as adapted

30 Tne orniy difference between Mzrtin and Bloor's

by Martin and Blooz.
model and the ICRP is that the former cozbines the nasopharvngeal and

bronchizal compartments into one. The dose is calculated only feor the

pulmonary compartment so the difference is not significant. Paramcte:xs
for the lung model are those of the ICEP 21 with the fellowing excep-
tions: The gut to blooc¢ trensier for plutonium isotopos is 1 x 1674
and for 2%lan is 5 x 1074 32; also 2414z {s assumed to be 2 class W
compound while plutonium isotopes are class y.33

Ingestion. For ths ingestion pathway the gut transfer coefficients

are as stated previously: 1 x 107% for Pu and 5 x 10°% for Am. The
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critical organs are bone and liver with 100 year half times for Pu and Am :“47 i )
LA
. . . . NN D .
in bone and 40 years in liver. Forty-five percent of the Pu and Am SR N
NCAP
transferred to blood is assumed tc reach the bone and 45 percent to reach 4

the liver. The remaining 10 percent 1s distributed among other organs.

RESULTS

In this section the }redicted maximum annual dose rates and the 30
and 50 year integral doses for the different living pztterns and options
are presented. The "maximum annual dose rate'" 1s defined as that year
for the wholebody when the sux of the wholebody ingestion dose from
137Cs and the external gamcza dose 1s 2 maxirmum and for bone marrow when
the bone marrow ingestion dose from 137Cs and 905r and the external
gamma dose is a maxirum. Due to the builé-up of dose from 90g,
ingestion and the continuously decreasing dosc after the first year f{or
137Cs for both ingestion and external gamma, the wholebody and bone
marrow '"'maximum annual dose rates" can occur in a different year and
therefore the external dose which contributes to the maximum car be
different for the two cases. Figure 3 is a graphicsl illustration of

this point. The maxinum annual doses are listed in Teble 29 for bone

marrow and wholebody for both normal and famine conditions; they arc

[V
(]
o)
ve
o4
rr

broken down into ingestion and external gammc contributions. The
which the maximum dose rate occurg is also listed. It 1s emphasized that
doses listed for famine conditions are calculated assuming continuous
consumption of foods over a lifetime under famine dietary condiFions.
This is not a reasonable dietary patternm but it is presentcd 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) Isiand that
sumnarize the living pattern of major concern to some of the Enewetak
people. In this living pattern all 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 pecple were to live ;6ntinually under famine conditions the predicted
maximum annual dose rates are 500 mrem and 455 mrem for bone marrow and
wholebody respectively.

On comparison of the doses predicted for the four quadrants of
Enjebi (Janet), three quadrants are less than the island average (Tedle
29) and one, the northwest quadrant, exceeds the island average. The
doses for the northwest quadrant are 325 mrec/y for bone marrow and 305
mrem/y for wholebody for normal conditions; for famine conditions the
doses are 670 mrem/y for bone marrow and 610 mrem/y for wholebody.

The maximur annuzl dose rates predicted for living patterns Aomon
(Sally) and Bijire (Tilda) (all foods frém 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 mrem/y
to bone marrow and 45 mrem/y to wholebody and for Bijire (Tilda) the bone
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).
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The dose rates for the southern island living pattern are also /7
listed in Table 29. The maximum annual dose rates predicted for this
living pattern are extremely low. For normal conditions the maximum
annual bone marrow dose rate is 3.7 mrem and the wholebody dose rate is
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 maxinum anghhl doses are listed for Enjebi (Janet) Island
when 15 percent of a persons time is spent on other northern islancs
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 timc are of course on Enjebi (Janet).
Under these conditions the bone marrow dose is reduced from a 250 mrem/y
to 230 mrew/y for normzl conditions; for fazmine conditions the recduction
is from 500 to 470 mrew. Similar reductions occur in the wholebod:
doses. For Enjebi (Janet) Island living pattern, options
for the pet effect of spending ticec on other northczstern islands is to
reduce the dose fror those predicted for-the Enjebl (Janet) Island livirng
pattern.

The reduction of the predicted Enjebl (Janet) Island doses is of
course more dracatic for a case where all of the dietavy coconut comes
from the southern islands Jinedrol (Alvin) through Kidrenzrn (Keith)

In this case it 1s assumed that 15 percent of a persons time wculd also
be spent on the southern islands. The doses for this option for norcel
conditions are 73 mrem/y for wholebody and 85 mrer/y for bonz marrow; fov
famine conditions the doses are 150 mrem/y and 110 mrem/y for bone marrow

and wholebody. The data are listed in Table 25.
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For the living patterns involving Aomon (Sally) and Bijire (Tilda)”;gﬂ. oo
TTW .
. . . Jeoo -
use of coconuts from other northern islands and time spent on other S

northern 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 northern islands are

-

increased above those predicted for southern islands only. For the

[4}]
o]
(oW

combined southern island-northern island living pattern the wholebody
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 famine conditions.

In Table 29 zre also listed the predictecd doses for a special case
where a child is born on Enjebi (Janet) Island at the time of the peoples
return and is reised his entire 1ife on that island. Thus, his entirec
dietary intake will come from Enjebi (Janet) Island. For normal
conditions the wholebody dose is 180 mrem/y and the bone marrow dose is

50 mrem/y

W

195 mrem/y. For famine conditions the corresponcding doses &r¢
and 405 mrem/y. For comparison the adults doseés for norrmal conditiors
for Enjebi (Janet) Island (sce Table 29) are 235 mrem/y for wholeboly ard
250 mrenm/y for bone marrow. The corresponding femine condition doscs fo:
the adult are 455 wmrez/y and 500 mrem/y. The results for the child
scenario in which the child is born 8 y after the peoples return 1s the
final entry in. Table 29; the doses for normzl conditions are 150 orez)y
for wholebody and 170 merem/y for bone marrow, both of which are lower

than the other scenario.

201115
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The results for the 30 and 50 y integral doses for wholebody and 4?§§AF
ﬂ X

bone marrow for the living patterns and options being considered are g f ~
~ gz > './\'/\‘
o hL S o
listed in Tables 30 through 44. The doses are broken down into the “Ai/éfﬁé?/v

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.% 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
ﬁnjebi (Janet) but 10 percent of the dietary coconut comes from other
porthern 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 islancs,
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 rem.
Tables 37-40 list the results for the Aomon (Sally) and Bijire (Tilda)
living patterns; all doses are much less than those predicted for Enjebl
(Janet) Island living patterns.

The 30 y doses predicted for the southern island living pattern for
normzl conditions are 0.069 rerm for whelebody 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 pattemn and are

listed in Table 42.

- 37 -

01 1T1b



For the special calculation made for children born at the time of ﬁfg}’;;:‘,/Q I~

L. £ '.'-\l

. R AN

return for the Enjebi (Janet) Island living pattern, the 30 y integral \‘ﬁ“siy\*/
L:

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. TFor 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 s”! (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 linc, we can estimate the proportion of concentrations that
are less than X, 2%, and 3X; or 90, 95, and 99 percent cunulative
probabilities.

35,36 which often

Experience with concentrations in soil and air,
follow multiplicative models, yield measured concentrations that have an
approximately lognorma! probability density. 1If 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 1is

lognormal.
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To find numerical evidence of lognormality, we chose the Af?%
AR

Y
Filliben3? r-test to reject if necessary the hypothesis that each data Es;ziﬂ*;,/? ~
. VA r\_ ~
set is lognormally distributed. TFilliben's investigations have shown the G‘FQ:L?::,f\
&/

é/

r-test to be 98 percent as powerful as Shapiro and Wilk's omnibus
W-test38 for rejecting a lognormal hypothesis when the data are not
lognormal. The r-test was validated3’ 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. We
approximate the r-probability levels by a second order polynozizl 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 all dsta sets (greater than six measurements each) heving
more than half the samples greater than the minimus detectable activity
(MD4) and found that 91 data sets out of 123 tested lognormzi. Of the ¢1
sets, 56 percent had r-valuves greater than the 0.5 probability acceptance
level; 36 percent, 0.1 < r <0.5; 7 percent 0.05< r <0.1; and 1
percent, r £ 0.05. The lognorcal assumption was rejected for low
r-values (r < 0.05). The resulting inacduracy is srali since those
rejected data sets were near the MDA.

Mean (¥), standard variestion (s), and cumulative probability wer=
estimated by the (1) Krige's quan:ile version of tie mawimur likelihood
estimator, (2) log-probability graphical mcthods, and (3) arithmetic
39

mean. Krige's method is used as outlined by Gilbert, using the
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Brown.3* The Krige method using & wminimum variance unbizsed estimator
is optimal under the assumption of lognormal distribution (Aitchison and
Brown3% p. 44). The shift parameter, T , is calculated using Krige's
quantile formula.3? The T is involved in the log~transform as log

(xi -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/cm,
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 method3? to ad just this parameter about the first approxi-
mation to maximize the r-test value. The means and variances arc
calculated using the Finney fifteen term approximztion to & minimum
variance estimate (Aitchison and Brown,-% Eg. 5.37). A visuval 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.3* The minimuz vériance leg-probability-line
was used to find the quantile values. Numerical approximations to the

26.2.22 1in

[#8

cumulative normal distribution used formulas 26.2.23 an
Abromowitz and Stegun's handboci. %0  Tables 45 through 47 illustrate

the comparison of methods for 241 pp, which have several censored values,
and 137Cs at the same sample location. For 2&1Am, the arithmetic

mean fregquently underestimates the Krige method (averzge of 30 percent,

. underestimation range: O 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: O,f;'{-fw
[y
- 137 : SN
to + 160 percent, 0-15 cm soil). For Cs with few measurements below FOE R
L ARV I
the MDA, the differences between methods are smaller. For 137¢s 0-15 S E{

cm soil measurements the arithmetic mean, X, underestimates -5 percent
(range: -32 percent to +g 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 maké_h good approximation to the Krige mean for
coefficient of variation ¢, averaging 0.9 (range: 0.6 to 1.5). Recently,
White4l found the arithmetic mean to have a 75 percent efficiency for
‘coefficients of variation, ¢, less than 2. Tnis efficiency is also shown
by Aitchison and Brown .34

The value of the shifrting parameter can be seen froc Tables 45 and
46 to be roughly equal to the MDA velues of 2514 (0.2 to 1.5 pCi/gm)
and 137cs (0.1 pCi/gm). Both of these data sets have values less than
MDA, set to MDA. Similar anzlysis on unaltered data exhibits lower or

137Cs values (Tzble 406) are scen on

negative values of T. The
samples Enjebi (Janet) NE and Kidrinen (Lucy) to be unreasonably large,
and without physical pasis. The improvement in lognormal fit was
marginal and the T could have been set to zero; however, the Krige methoc
is fairly insensitive to T as illustrated by example,39 and as our
tests have also shown.

The computer computational codes were tested with artificial log-
normal samples. A 105 term approximation42 generated by & rectanguler

distributed psuedo-random generator produced thesc artifical samples.

Testing samples numbers ranged from 4 to 255.

- 41 -
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Soil radionuclide concentration log-probability plots were con- [f"}.is -
4
o > ~
structed for 90Sr, 13705, 239+240Pu, and 241am at profile depths 0-15 cm, & éé' ;';:
T

Crx

15~25 cm, 25-40 cm, znd 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 ?PSr and 137Cs 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
Se correct for data sets having a majority of concentration above the
MDA. The arithmetic mezn 1s 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 zanalyzed datz sets. More
importantly, this method evaluztes the proportion of measurements less
than the mean, >, and 3X (Tables 45-47). The analyzed scil and food data
3% values includes an average of 95 + 3.3X of the sample (range 68-100
percent) measurements. These > and 3% concentrations are then used to
estimate doses that include a known fraction of possible measurements;

for X, wore than 64 percent of the measurements are included; and for 3%,

85 percent arc included.
Calculations for Alternate Dietary and Time Varistions
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 svnthesized and it is

- 42 -
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of course impossible to include them all in a paper. We have developed N
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 mrec 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 2%l as 2 result of inhalation when 100 percent of a person's time
is spent on the listed island. The doses are based upon the inhalztion
pathway model described in the text. Once agsin, when a time distribu-
tion on various islancs has been established, the corresponding lung and
bone doses for both dose rates and integfal doses, can be calculated {rom
the data given in Appendix L.

Appendix F lists the wheolebody and bone marrow annual dose rates and
integral doses for normal and famine conditions that result from the
entire coconut intake from the listed 1sland after the first 8 y; f{or 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
the intakes and multiplying by the doses listed in Appendix F.

We listed this information only for coconut bécause 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 cm, 0~-25 cm, 0-40 cm, and 0~60 cm. These data, in
conjunction with the concentraticen ratios, are the basis for developing
the rationuclide concentrations in food products in the terrestrizl food
chain. 1In addition, the datz can be used to make relative comparisons oi

islands at the atoll.

- 44 -
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DISCUSSION e
é i ,fi r:::’j

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
b;edicting doses to a population because the dose will scale dircctly with
dietary intake. We have mentioned in previous assessments the importance of
the diet and the uncertzinty which was inherent in previously constructed
dietary patterns (1,7,21). For the first time we have direct input from &
significant number (144) of the Enewetak populztion as a function of age and
of dietary conditions. The 'mormal condition" in this report refers to the
usual and expected living conditions in which the preferred imported foods

' 1s the situstion which occurs

are available. The "famine condition'
ocassionally even today when imported foods are in sﬁort supply or absent
from the diet and there 1s nearly a total dependence upon locally grown
subsistence crops. It is still emphasized that an accurate picturc of the
diet, especially as it reflects on the consunpiion of locally grown
foodstuffs, is extremely important in the dose predictions for resettlement
options at the atoll.

The transuranic doses from inhalation and ingestion are based on an

241PU/Z&1

extrapolation of the At ratio observed on Enjebi (Janet) Island

9011724



to the entire atoll. The 241Pu data for each island to wmake these L’,f.\/

calculations are not yet available and the doses from their source will be
refined at a later date. We know their ratio will vary at some of the
islands. The results of this increase in 281 pm is however insignificant
in the overall dose picture for sometime into the future.

60

Ingestion doses from ““Co are negligible and therefore do not appear

in any of the tables. Usually we can not detect 60Co in vegetation
samples. It is observe&‘at low concentrations in soil samples but
incorporation in plants is such that concentrations rarely exceed the
detection limit.

Doses from 2USr and 137¢Cs via the inhalation pathway are very small
and are therefore not listed in the dose tables. An exacple calculation for
inhalation of 137¢cs an¢ 90sy for Enjebi (Janet) Island is listed in
Appendix E for comparison 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 paraceters such as
radionuclide turnover times in the body and fractional deposition in various
organs.

The distribution of radionuclide concentration data was discusscd in the
results and shown in figures &4 through 10. The distributicn 1s lognormal
and the use of the arithmetic mean, ¥, includes some 65X of the population;
two times % includes 86% of the population and 3 X includes better than
95%Z. The number of plants in the population with a concentration three

times the mean value 1is less than 5% of the totai. Therefore, thc

probability of a person finding his entire diet for 1, 5, 10 or 30 years

- 46 -
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" from food crops with a concentration of three times the mean value is very (:f; o}
small. Soil concentration data are also lognormally distributed with

similar percentages accounted for by x, 2 X, and 3 % and re-enforce those

data observed in coconut meat and milk; concentrations in plants should,
overall, reflect the concentration in soil.

The observed lognormal distribution of radionuclide concentrations in
soils and plants at the-atolls is consistent with most elemental
distributions in naturej’ Also the observation that 3 times the mean vzalue
includes wmore than 95% of the population distribution is consistent with
other observations several of which have recently been summarized by Cuddihy
‘et al (43),

Strontium-90 concentration distributions in bone have been specifically
addressed by Kulp and Schulert (44). They found that 905r from falloutl
was distributed lognormzlly and that the 9Eth percentile value was 2.3 times
the mean value. Maximum values observed for 29Sr 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 combincd variability of the 90s¢ concentration
in food products and the variability in dietary intake.

The range of values observed for the retention of 137¢s in humans hes
been summarized in ICRP 10 and 104 (24,25) and RCRD 52 (26). For example,

the range of observed values for the retention time for the short term

T

compartment is 0.5 to 2.1 day with a mean of 1.0 day; the upper limit tho
has been observed is only a factor of 2, greater than the mean value. For
the long term compartment the dataz 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

B N R A
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. (i.e. 1 day) compartment ranges from 0.02 to 0.22 with 2 mean of 0.15; for "‘;gf/<7/”\\
the long term (i.e. 115 day) compartment the range is 0.78 to 0.97 with a :;;é{/;:
mean value of 0.85., For both cases the maximum value is less than a factor éﬁ‘
of two greater than the mean.

The 137¢s gamua exposure data which is listed in table 2 shows that
the maximum exposure rate observed at an isolated point on the island is for
most islands less than a factor of three greater than the mean volume. In

—~

many cases the maximum observed value is only 2 times the mean value. The
60Co 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 anc if sc
what fraction of the population would be included at two or threc times the
mean value.

In an overall evaluation of the distribution of all of the input dats,
three times the mean value includes more than 95% of the populalion; in som:
cases the maximum observed values were never as great as 3 % and closer to
like 2 X. Assuming the variables to be independent and thus combining in a
linear fashion the low probability associated with values equal to or
exceeding 3 ¥ 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 estimztes 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 < ;H
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 "maximun
individual" are less by nearly a factor 3 than when coconut caée 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 potentizl 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 greater than for the casc where
the child is born 8 years after return. 'In addition the maximur dose casc
from birth through seventy years leads to estimated doses which arc less
than those predicted for adults, living on Enjebi (Janet) Island. Thefore,

the doses predicted for adults for other living patterns could be used as &

conservative estimats for the birth through 70 vear dose.
Acknowledgment: It is a pleasure to thank Dr. John Tipton of EG&G for his

written contribution describing the in-situ gamma measurewent and

calibration methodology.
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Island

Bokoluo (Alice)
Bokombako (Belle)
Kirunu (Clara)
Louj (Daisy)
Boken (Ircnn)®
Sand Spit
Eajebli (Jannt)
NE Quadrant
SE Quadrant
SW Quadrant
NW Quadrant
Mijikadrek (Kace)
Kidrinen (Lucy)
Bokenelab (Mary)
Elle (Nancy)
Aej (Olive)
Elcleron (Ruby)
Aomon (Sally)
Wist Tip
Bijire (Tilda)
Lojwa (Ucsula)®
Alembel (Vera)
Billae (Wilma)

fD4A is 0.2 uR/hr

Table 2.

Average external cxposure rate for !37Cs at 1 meter.

All Data (Actual Mcasurement Results)

64
43
25
30
60
19
980
272
285
128
295
21
28
19
47
54

142
63
58
16
57
20

137¢,
uR/hr

29.23
35.8
18.28
fi.39
6.4
0.42
10.07
10.03
8.86
9.07
11.70
4.95
6.09
3.16
6.76
5.09
0.65
2.20
2.71
2.29
0.8
1.68
0.77

c . .
Data collection is incocplete.

I
uR/hr

14.53
15.80
10.75
4,71
3.53
0.11
5.27
5.58
3.24
L. 47
6.37
3.03
4.13
1.55
1.76
1.79
0.32
1.80
3.03
0.74

0.74
0.38

b

Results reported are prelioinary.

Low
Value
ulkshr

3.6
0.9
3.3
0.7
0.22
0.25
0.05
0.05
2.3
0.6
0.5
0.4
0.2
10
2.1
1.2
0.39
0.1
0.2
0.4

L6

High
Value
:R/hr

63.3
62.8
42.8
16.8
13.63
0.65
36.2
36.2
23.2
19.8
29.5
10.8
14.0
6.9
10.1
8.7
1.31
9.5
14.8
4.2

All Data ( MDA Replaced with MDA)3

N

1

980
272

1

142

t

137¢
uR/hr

10.07
10.03

Additional cleanup done on Boken (Irene).

g
uR/hr

5.27
5.58

Regults may

Low High
Value Value
uR/hr uR/hr
0.2 36.2
0.2 36.2
0.2 9.5
0.2 1.5
change.

—5011135
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Table 4.

"
]
v
.

SART

Average surface soil no:nmznwawdo: for waba

A1l Data (Actual Measurement Resylts)

Island N
Bokoluo {Alice) 64
Bokombako (Belle) 43
Kirunu {Clara) 25
Louj (Daisy) 30
Boken Aawmgmva 60

Sand Spit 19
Enjebi (Jannl) 1015

HE Quadrant 302
SE Quadrant 285
SW Quadrant 128
HY Quadrant 300
Mijikadrek (Kate) 21

Kidrinen (Lucy) 28
Bokenelab (Hary) 19
£11e (Nancy) a7
Aej (Otive) 54
Eleleron (Ruby) 9
Aomon (Sally) 142

West Tip 63
Bijire (Tilda) 53
Lojwa Acwmcdav 16
Alembel (Vera) 57
Billae ( zagamv 20

MDA is 0.5 pCi/g

“Data collectipon is incomplete.

2841 pm g
. oCifg pCifg
15.68 8.81
19.21 8.10
7.48 3.11
9.02 4.34
2.65 1.50
1.28 0.42
5.01 3.35
5.69 3.42
5.38 3.11
4.74 3.37
4.09 3.29
6.09 4.53
10.6 R.06
4.62 .31
9.8 3.46
5.35 3.45
0.90 0.42
1.80 2.39
1.09 0.96
1.96 1.30

0.5 -
2.18 1.03
0.83 0.58

c>acmﬁﬂo:og cleanup done on Boken (Irene),

Results reported are preliminary.

Low
Yalue
pCr/g

1.4
2.5

]

2.3
0.8
0.5
0.0
0.2
0.1
0.5
0.0
1.1
0.5
1.2
2.2
1.5
0.2
-0.2
0.0
0.1

0.3
0.0

18

High
Value

plr/g

37.8
30.6
14.2
2h.6
‘7.0

2.3
15.9
14.5
13.5
11.8
15.9
15.8
25.2
12.4
18.¢6
14.3

1.4
14.1

4.5

5.8

A1l Data (<MDA Replaced with

1015
302
285

300

9
142
63
58

57
20

28l A
pCifg

0.96
1.88
1.15
1.93

2.19
0.94

o4

pCi/g

3.34
3.42
3.10

3.28

0.33
2.33
0.92
1.29

1.0l
0.46

Low

Value
pCi/qg

0.5
0.5
0.5

0.5

0.5
0.5
0.5
0.5

0.5
0.5

MDA) @

High
Value
pCilg

1.4
14.1
4.5
5.8

4.2
1.9

Results may change.

0011731
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Table 6. mmn*o_oﬁ mra.no:nm:nwunﬁo: in Soil
of 239*240py to 2V pm for Islands
at Enewetak Atoll.
[stand 239+240py

24 an
Mijikadrek [Xate) 1.7
Kidrinen (Lucy) 1.6
Bokenclab (Mary) 1.9
Eile (Mancy) 1.7
Aej (Olive) 1.7
Eleleron (Ruby) 5.4
Aomon Am;:v; 2.4
Bijire (Tilda) 1.8
Logwa {Ursula) 1.g*
Alembel (Very) 1.5
Billae (Wilma) 1.t
Enjebi {Janet) Northwest N.3/2.3
Enjevi (Janat) Northeast 2.3
Enjedi (Jannt) Southwost 2.3
Cnjebi (Janet) Southeast 2.3
Southern Islands 1.8*

*Assumad to be the same as 8ijire (Tilda)
. and Brllac (Wilma)

[T

EEREY O
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Table 7. Measured and Estimated Radionuclide Concentrations
in Meat and Water for Eajebi (Janet) Island.

ENJEBI

pCi/g Wet Weipht

7 Q424 24
13 Cs cOmu 239+ ow: 4 1An
a 4 -3¢ -3¢
Pork 45 0.51 1.3 X 10 0.7 X 10
d c
Chicken 1.9° 0.519 1.3 x 1073 0.7 x 107°
-3 -3¢
Chicken Eggs* 1.9 0.51 1.3 X 10 0.7 X 10
b c
+ b b - -
Croundwater 90 11 6.7 X 10 3 2.9 X 10 3
. + e 4 -2° -2

Cistern Water 1.8 1.34 1.7 X 10 0.85 X 10

+ Units are pCi/1 rather than pCi/g.

o Assumed to be the same as chicken.

2 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 Islond soil concentration to the Dikinl Island soil
concentration to develop the Southern Island mrat concentration.

b From V. Noshkin et al., Plutonium Radionuclides in the Groundwaters at
Enewetak Atoll, International Atomic Energy Agency Symposium,
Transuranium Nuclides 1in the Environment, IAEA-S1-199/33 Vienna, 1976.

c Calculated from Pu data and the 239%260p,/241a0 ratio listed in
Table 6.

d Assumed to be the same as rat muscle concentrations; taken from Encvetsak
Radiological Survey Report, NVO-140, Vol. 1, 1973.

e Assumed to be the same as Bikinl Islond Cistern Water; data f{rom V.E.

Noshkin et al., Evaluation of the Radiological Quality of the Water on
Bikini and Encu Islands in 1975; Dosc Assessment Based on Initial
Sacpling, Lavrence Livermore Laborvartory, Report UCRL-51879, Parc 4, 1977.

5011740



Table 8. Measured and Estimatcd Radionuclide Concentrations
in HMeat and Water for Southern Islands.

4
SOUTHERN ISLANDS |Jinedrol (Alvin through Kidrenen Axmwnrvv;

pCi/g Wet Weight

~uunm QOMH Nuw+~bom: 261 Am
d c
Pork 0.51% 0.012¢ 1.1 x 1072 0.5 X 1073
d c
Chicken 0.0212 0.012¢ 1.1 % 107° 0.5 x 107°
-3 -3¢
Chicken Eggs* 0.021 0.012 1.1 X 10 0.5 X 10
b c
+ e [ -3 -3
Croundwater 0.56 0.09 . 0.51 X 10 0.26 X 10
: . £ ¢ L3P o3t
Cistern Water 0.09 0.1 0.2 X 10 0.1 X 10
+ Units are pCi/1 rather than pCi/g.

Assumcd to be the sanc as chicken meat.

Calculated from pig and chicken data (rem Bikini Iszland (W.1. Robison ~
to be published); Bikini meat data is multiplied by the ratio of the
Southern Islarnd soil concentration to the Bikini Island sotl
concentration to develop the Southern Island meat concentration.

From V. Noshkin, Plutonium Radionuclides In the Groundwaters at Encwecak
Atoll, International Atomic Encrpy Apency Symposium, Transuranium
Nuclides in the Environment, 1AEA-S-199/33 Vienna, 1976.

Calculated from Pu data and the 239+260py/281p0 ratio listed in
Table 6.

Assuried to be the same as rat nuscle concentratlions; taken from Encwetak
Radiological Survey Report, HVO-140, Vol. 1, 1973.

V. Noshkin = private communication (Memo August 28, 1974).

Assumed to be the samc as Kwajelein Cistern Water, source of FKwajelein
Cistern data, V. Noshkin ct al., Evaluation of the Radiolopical Quality
of the Water on Bikini and Encu Islands in 1975; Dose Asscssment Bascd on
Initial Sawpling, Lavrence Livermore Laboratory, Report UCRL-51879, Part
4, 1977. ’

52
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Table 9. Measured and Estimated Radionuclide Concentrations in
Meat and Water for Aomon (Sally) and Bijire (Tilda).

AOMON (SALLY)/BIJIRE (TILDA)

pCi/g Wet Weipht

137 239+2¢ 2414
Cs ooma 3 N;om: 1 Am
a a -3° -3¢
Pork 7.7 0.013 1.6 X 10 0.8 X 10
a a 1ud -3¢
Chicken 0.33 0.013 1.6 X 10 0.8 X 10
c
Chicken Fpgs* 0.33 0.013 1.6 x 1072 0.6 X 107°
+
Groundwater £ £ f £
. + d d -3¢ NS o

Cistern Water 0.21 0.36 1.6 X 10 0.1 X 10

+ Units are pCi/l rather than pCi/p.

* Assumed to be the samc as chicken meat.

a Calculated from pig and chicken data from Bikini Island (W.L. Robison -
to be published); Bikini meat data is multiplicd by the ratio of the
Aomon/Bijire radionuclide soil concentration to the Bikini Island soil
concentration to develop the Aomon/Bijire meat concentration.

b Assumed to be the same as rat tissue concentrations; taken [rom Encuvetak
Radiological Survey Report, BVO-140, Vol. I, 1973.

c Calculated from Pu data and the 237+260p, 2610 [.viy listed in
Table 6.

d Assumnd to be the same as Fncu Island Cistern Water - Fneu I<land data
{rom V. Noshkin report te DOE HO.

e From V. Neshkin, Plutonium Radianuclides in the Croundwaters at Lanewvetak
Atoll, Intcvremational Atonie Lnergy Arency Synposiuvm, Transuranium
Kuclides in the Environrent, TALA-S$1-199/33 Vienna, 1976. For ao=on
(Sally) the cistern wvater is as<umed tn have the game concentration as
the catchment water contanined in small craters in the PACE excavation
area. :

£ The lens water on Aomon/Bijire is not suitable chemically for drirnking;

the lens' water is extremely bSrackish and s fresh water layer is
non-existent - V. Noshkin personal cotmunication.
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Table 10. Concentration*Ratio (CR)
Profile for Subsistence Crops for 137(Cs.

Food Item Number
Coconut Meat 26
Coconut Fluid
Breadfruit 9
Pandanus Fruit S
Papaya 25
Squash 12
Banana 5
Watermelon 17

CR

5.8
2.9
0.54

’

!

!

1/
t

TN A

7

[ )
Estimated over a 0 to 40 cm Soil

4.2

0.48
3.8
0.44
1.8
0.093

1.2

4'_

| amedes X

mud T

®pCi/g fruit wet weight / pCi/g soil dry weight.

54

Median

4.3

0.38
2.8
0.39
4.3
0.14

1.4

Low
Value

1.3

0.12
0.18
0.2
1.8
0.075
0.12

C___EETTRRTE
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Table 11. Concentration Ratio mnx Estimated over a 0 to 40 cm Sofl

Profile for Subsistence Crops for

Food Item Number dﬂm o
Coconut Meat 15 6.3(-3) 3.9(-3)
Coconut Fluid 6.3(-3)°
Breadfruit 9 7 (-2) 5.8(-2)
Pandanus Fruit 3 4.6(-1) 2.2(-1)
wwcm«m 4 6.3(-2) 3.5(-2)
Squash 5 2.6(-2) 1.2(-2)
Banana 3 9.1(-3) 5.5(-3)
Watermelon 8 1.8(-2) 7.9(-2)

wcnm\m fruit wet weight / pCi/g soil dry weight.

c>mmcama to be equal to coconut mepat.

momw.

High
Value

1.5(-1)
6.9(-1)
1.1(-1)
4.0(-2)
1.5(-2)

2.9(-2)

5.1(-3)

5.5(-2)
4.2(-1)
5.8(-2)
2.8(-2)
7.7(-3)

1.5(-2)

Low
Value

1.7(-3)

001174y



Table 12. Concentration Ratio (CR) Estimated over a 0 to 40 cm

Profile for Subsistence Crops for

3

Food Item _  MNumber = TR o
Coconut HMeat 14 5.0(-5) 5 {-5)
Coconut Fluid 5.0(-5)".
Breadfruit 8 1.5(-5) 1.6(-5)
Pandanus Fruit 3 4.3(-5) 4.2(-5)
Papaya 4 2.7(-5) ?2.7{-5)
Squash 5 1.9(-5) 1.5(-5)
Banana 3 3 (-5) 3 (-5)
Watermelon 8 4.8(-5) 3.1(-5)

®pCilg fruit wet weight / pCi/g soil dry weight.

cpmmcama to be the same as coconut meat.

mu@+maovc

High
Value

Median

3.1(-5)

1.2(-5)
3.3(-5)
2.4(-5)
1.2(-5)
1.9(-5)
4.3(-5)

Soil

Low
Value

1.5(-6)

011745
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Table 13. Concentration Ratio (CR) Estimated over a 0 to 40 cm Soil

Profile for Subsistence Crops for NN;>3.
_a High

Food Item Number CR o Value Median
Coconut Meat 8 3.7(-5) 2.4(-5) 8.3(-5) 3.7(-5)
Coconut Fluid u.wﬂumvv

Breadfruit 5 1.7(-5) 2.2(~3) 5.6(-5) 6.5(-6)
Pandanué Fruit 2 1.2(-4) 1.5(-4) 2.3(-4) 1.2(-4)
Papaya 4° 3.1(-4) 5 (-4) 1.0(-3)  9.3(-5)
Squash - - - - -
Banana 1 2.2(-5) - - -
Watermelon 7 2.7(=5) 2.7(-5)  7.8(-5)  2.8(-3)

8pci/g fruit wet weight / pCi/g soil dry weight.

b
Assuxzcd to be the same 2as coconut meat.

Low
Value

2.6(-6)

2.6(-6)

1.0(~5)

1.1(-6)

2.5(-6)

SRR
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Measured and Estimated Radionuclide Concentrations

in Marine Species and Birds at Encwetak Atoll.

Table 14.

Animal HuNOm ’
Fish® 0.11°¢
Shellfish® 0.002s5f |
Clams© 0.118
Birds 0.024°
Bird Ezgs 0.029%
nnucma 1.7¢
Octopus
Turtle

pCi/g Wet Weipght

omq

0.021°
0.0038°
0.0057°¢

0.011°%

Ancludes reef fish and pelagic fish.

bInciudes lobster and marine crabs which are assum

radionuclide concentration in tissuc.

Nuo'moow:

£
2.4 % 1073

0.0011°
0.044¢

2.4 X 10

241 Am

£
0.57 X 1073

,0.0015°
0.009s"

0.52 X 10

Radionuclide concentrations are
assumed to be the same for all specics.

ed to have the same

€Includes tie differcnt species and both muscle tissue and hepatopancreas.

dIncludes coconut crabs and land crabs both of which are assumed to have the

same radlonuclide concentrations in tissue.

€Encwetak Radiological Survey, NVG-140, 1973, Vol. 1.

fVictor Noshkin - to be published.

BAssumed to
hcalculated

wnmwncwunna
Islands 1is

u>nm:8na to

be the same as f(ish muscle.

using the fish 239+2%0py 261, Lovio.

assuming the average 239%240py/2610n rario for all Northern

2.

be the same as fish muscle.

3011747
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mzmﬂmrﬁ reported by Pritchard.
b

Calculated from density of Dungeness crab.
“Calculated from censity of lobster tail.
ammdnc_uﬁma from density of Cherrystone clam muscle.
€assumed the same as Clam Muscle.

*>mmcama the same as Marine crab.
Icalculated from density of squid. Assumed the same.

:<m_cm is for beef liver. Assumcd the same.

*>mmcama the same as chicken muscle.
u<m_cm is for beel kidnev. Assumed the same. . ‘ :
x>mmc3oa the samn a5 chicken eqgs. Value is mean for rax (393 G/can) and ,
scrambled (335 G/can).

d<mdcm is for raw Pandanus less fibrous strings. Calculated from data

reported by Pritchard.
a<m_cm is for roasted peanuts and cashews. Assumed the samo.
"Calculated from weights reported by Pritchard. Boiled (255 G/can -

60 percent consumption).

Opssumed the sare as water.

oocu:ﬁwﬁw of coconut moat in marshollese cake. Calculated from data

reported by Pritcnard.
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Table 16. Summary of can conversion data for imported food items
for the Ujelang Survey

GRAMS PER GRAMS PLR

FOOD ITEM 120z CAN FOOD ITEM 120z CAN
Baked Bread ’ 130 ( 90)*  Carbonated Drinks 355¢
Fried Bread 115 (186)°
Pancakes 166 CANULD JUICES
Cake 141 Orarze Juice 355°€
Rice (Cookcd) 343 Tomatoe Juice 355°¢
Instant Potatoes (Cooked) 355 Pincaple Juice 355°¢
Sugar 350°¢ Other Canned Juice 355°¢
_CAKNED MEATS AND POULTRY MILK PRODUCTS
Canned Chicken 341°¢ Evaporated Milk 355°€
Corned Beef 360 Powdered Milk 355°¢
Spam 3¢0°¢ Whole Milk 355°¢

Canned Butter 140°
CANNED FISH
Canned Mackeral 340° Onion 235
Canned Sardincs 339°¢ Canned Vegetables 340°
Canncd Tuna 340° Baby Food 341°¢
Cannced Salnaon 3¢ Cocoa 355°¢
Other Canned Fish, 3640° Ramen Noodles(Cooked) 364
Other Meat, Fish, ot Candy 200

Poultry 3409

uzowm:n reported by Pritchard.
v:nuz weipht for two forms of f{ried bread reported by Pritchard. Round
douphnut holes (151 G/can) and a heavier version (2200 C/can). Both of equal
popularity. ,

¢

d

Weight in grams from grocery store containers.

Assumed’ the seme as canned meat, fish, and poultry.

ntnwmrn reported is for lard.

L1150
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Table 17. Dietary intake in g/day for selected subsistence food ftems in the Ujelang Survey for adult males.

Normal Conditrons Femine Conditions
Low High Proportion Low High Proportion

... Food zcscmm . Mean ¢ Value Valye of Nonzeros =~ Number  Mean o . Value Value _of Nonzeros
Fish 36 a1.5 34.7 7.9 1946 1.00 36 89.3 67.0 12.7 341.7 1.00
Shellfish 36 5.8 7.7 0.0 23.4 0.53 36 27 .6 46.1 0.0 202.9 0.y2
Clams 35 9.3 15.0 0.0 60.8 0.50 3 53.1 67.4 0.0 276.0 0.97
Crabs 36 3.4 7.3 0.0 39.9 0.44 36 14.1 31.0 d.o 181.0 0.86
Octopus 36 2.0 5.2 0.0 26.1 0.56 36 12.1 21.8 0.0 9]1.0 0.66
Turtle 36 3.7 6.9 0.0 26.4 0.72 3 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 a1.4 0.42 36 25.4 25.3 0.0 108.6 0.63
£ggs 36 7.9 11.9 0.0 ¢5.3 0.64 36 15.3 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 0.47
Breadfruit 3€ 12.8 12.7 0.0 54.2 0.75 36 57.6 51.4 7.8 217.0 1.00
Coconut Flyid 36 93.6 82.2 0.0 367.8 0.97 36 167.7 1143 51.0 380.4 1.00
Coconut Meat 36 32.5 30.1 3.9 146.5 1.00 36 125.1 111.5  33.0 610.0 1.00
Papaya 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 - - - - -
Purpk 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 .o.o 0.0 0.0
Watermelon 0 - - - - - 0 - - - - -
Arrosroot 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 0.0 0.0 0.0 0.0.
Aguas Liquids . wm .. 915.0 _570.4 228.4 2751.2 . 1.00 3 548.6 447.4 0.0 2130.0 0.97

TOTAL o036 1167.1 597.0  333.9 31%3.4 1.00 . 36 1275.4 553.3 379.2 2849.4 . 1.00

62
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Table 19. Dietary intake in g/day for selected subsistence food items fn the Ujelang Survey for childern from 0-3 Years.

Mormal Conditions Famine Conditions
Low High Proportion Low High Proportion
Food . . . Number _ Mean _ o Value  Value  of Nonzeros  Number Mean = o _  Value Value of Nonzeros
Figh 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 0.0 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 0.31 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 o.o, 25.9 0.63
Octopus 12 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 12 0.9 1.8 0.0 6.1 0.58
Domestic Meat - 16 7.0 11.6 0.0 a1.3 0.41 16 6.9 8.1 0.0 28.1 0.81
Wild Birds 16 1.6 3.2 0.0 9.6 0.75 16 10.2 11.6 0.0 38.2 0.63
Eqgs 16 2.4 a.1 0.0 13.1 0.a4 16 6.0 7.1 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 91 .1 0.63 16 45.9 57.0 0.0 217.0 0.88 ’
Coconut Fluid 16 70.7 70.3 0.0 206.2 0.94 16 88.6 73.3 11.8 266.2 . 1.00
Coconut Meat 16 38.4 83.1 0.0 322.2 o.mw 16 111.5 177.3 0.0 721.2 0.81
Papays 14 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0
Squash 0 - - - - - 1 0.0 0.0 0.0 0.0 0.0 ~
Pumpk in ) 8 0.04 0.11 0.0 0.31 0.13 8 0.3 0.7 0.0 1.9 0.25 o
Banana 15 0.0¢ 0.09 0.0 0.34 0.07 15 0.02 0.09 0.0 .34 0.07 MH”
Watermelon 0 - - - - - 0 - - - - - ¢ —
Arroaroot 16 0.2 0.9 0.0 3.7 0.13 16 36.4 79.6 0.0 315.3 0.50 Lo
Citrus 15 0.0 0.0 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0 by
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 16 671.2 275.2 169.4 1221.5  1.00 .16 663.6  394.5 845 1576.9 1.00
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Table 20. Dietary intake in g/day for selected subsistence food items in the Ujelang Survey for children from 4-11 years.
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Normal Conditions Famine Conditions
Low High Proportion Low High Proportion
Food == .. .Number  Mean o, . Value Value of Nonzeros  Number Mean o . Value _ Value of Nonzeros

Fish 37 29.6 19.4 0.0 101.5 0.97 37 61.2 35.0 18.1 167.6 1.00
Shellfish 37 4.3 6.8 0.0 2.4 0.54 37 17.0 214.0 0.0 115.9 0.89
Clams 37 9.8 17.8 0.0 a0 0.54 37 3.8 42.4 0.0 190.1 0.92
Crabs 37 2.2 4.3 0.0 13.0 0.49 37 12.3 21.2 0.0 90.5 0.89
Octopus M 3 2.1 4.0 0.0 13.1 0.52 34 16.3 3.3 0.¥  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 8.5 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 .1 0.0 273.0 0.95
Pandanus 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 teat 37 36.9 46 .4 0.0 249.9 0.97 37 98.3 86.4  32.7 458.3 1.00
Papaya 34 5.6 17.4 0.0 95.0 0.2 34 8.4 18.5 0.0 76.0 0.35
Squash 0 - - - - - 0 - - - - -
Purpk in 15 0.04 0.16 0.0 0.62 0.07 15 1.8 4.6 0.0 16.6 0.27
Benana 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 - - - - -
Arrowsroot 37 0.1 0.6 0.0 3.7 0.03 37 25.4 4z.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 Liguids =~ 37 _ 536.3  226.6 183.4 1331.2 1.0 37 3A8.7  183.2 50.9 -1065.0 @ 1.00

TOTAL L., 37 78070 229.9 . 31.0 1539.8 1.00 . 37 _ 900.6 . 406.1 397.0 2717.0 1.00

65
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Teble 23. Dietary intake in g/day for mmdmnﬂma.daoo«mom.«ooa items in the Ujelang Survey for children from 0 to 2 years and from 4 to

Child: 0-3 ycars Child: 4-11 ycars
Low High Proportion Low High Proportion
food . . Number ~ Mean o Value  Value  of Kenzeros  KNuwber | Moan ... .o . Value_  Value _ of Nonzeros

Baked Bread 16 10.5 1.1 0.8 A5.0 1.00 37 21.1 16 .8 2.2 67.5 1.00
Fried Bread 16 26.2 30.7 0.0 93.3 0.31 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 83.0 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 £1.8 0.0 343.0 0.8 36 153.7 84.2 2.6 343.0 1.00
Instant Potatoes 14 49.0 37.4 0.0 a3.% 0.93 37 80.3 92.0 0.0 355.0 0.87
Suqar 16 a1 .9 3.0 2.8 85.0 1.00 37 55.7 27.7 5.7 85.0 1.00
Canncd Meat and ’

Poultry 16 49.9 67.7 0.0 255.2 0.81 37 95.9 67.8 5.7 255.2 1.00
Canned Fish 16 43.4 63.6 0.0 251.8 0.81 37 99.5 99.9 11.3 509.5 1.00
Other Meat, Fish, -

Poultry 1 0.0 0.0 0.0 0.0 0.0 2 48.7 Ja.5  24.4 73.1 1.00
Carbonated Orinks 16 171.3  115.5 0.0 355.0 0.83 37 226.5 120.7 50.9 532.5 1.00
Canned Juices 16 84.5 105.1 0.0 355.0 0.81 37 157.8 149.9 0.0 532.5 0.92
Milk Products - 15 123.1  125.2 11.8 443.8 1.00 37 197.2 156.3 12.8 532.5 1.00 .
Cnion 0 - - - - - 1 0.06 0.0 0.06 0.06 1.00 MHW
Cenned Vegetables 1 2.4 0.0 24.4 2.4 1.00 0 - - - - - —
Baby Food 1 68.2 0.0 68.2 05.2 1.00 0 - - - - - ——
Cocoa 0 - - - - - 1 0.0 0.0 0.0 0.0 0.0 .
Rarmen Noodles 0 - - - - - 0 - - - . - - us
Candy ... ... ...% .05 00 0.5 . 0.5 . . 1.00 . 1. 0.5.,...0.0 05 ., 0.5  _ 1.0

O TOTAL 16 | 726-.3_ . .32G.4 _203.3 1443.0 1.00 . 37 1174.1  417.8 374.0_  2547.6 1.00
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Table 24. Dietery intake in g/day mow mmgmn"ma imported food items
in the Ujelang Survey for children from 12 to 17 years.

Food

Baked Bread

fried Bread

Pencakes

Cake

Rice

Instant Potatees

Sugar

Canned Meat and
Poultry )

Canned Fish

Other Meat, Fish,
Poultry

Carbonated Orinks
Cenned Juices
Milk Products
Cnion

Canned Vegetables
Baby Food

Cocoa

Ramen Moodles
Candy

TOTAL,

Number

19
19
19
19
19
19
19

19
19

19
19
19

o - O o O

19

Mean

23.5
52.8
43.7
1.7
210.8
124.7
67.6

1537.6

69

23.3

36.3

a5.9
2.6
93.3
159.3
27.5

4.8
114.5

101.2
259.0
165.2

478.5

Low
Value

3.2
13.3
0.0
0.0
61.5
1.8
5.7

24.5
24.1

25.4
0.0
0.0
0.0

6.1

1108.6

High
Value

Proportion
Nonzeros

1.00
1.00
0.95
0.63
1.00
1.C0
1.00

1.00
1.00

1.00
0.90
0.90
0.0
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Table 25. DOiet comparisons for acdult males from the Ujelang Survey and
observations 2t Rongelap and Uterik.

Uielang Survey Roncelap and Uterik?®
Normal famine Faximum Dies
food grams pecr day  grams per day greams per day
Fish 42 £9 168
Shellfish® 5.8 23 19
Clams 9.3 53 . 71.2
Coconut Cravs© 3.4 14 9.6
Domestic meﬁa 19 3 21.6
Wild 8irds 8.8 25 4.3
m@@mm 7.9 15 2.4
Pandanus 2.7 2 179
Breadfruit 13 58 253
Coconut Fluid 99 168 62 )
Coconut Meat 2 125 204
Squash (Pumpk in) 0.2 0.7 23
Arrowroot 2.3 65 31.5
3 Work performod at Rongelap end Uterik by Or. Jen Naidu of BNL. These are
preliminary data and a final report is in preparation. .
b Marine crab and lobster.
¢ Inclucdes land crabs.
d Pork end chicken.
e

8ird, chicken and turtle.

3011159
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Table 27. Body Weights of Marshallese Adult Males in Kg

Atoll Number X S M/N MAX
Utcrik® g 69.0 12.9 59.5 5.7
BikiniP 18 71.9 12.4 50.0 100.5
Rongelap? 22 61.2% 9.2 46 .4 56.8
TOTAL 49 66.6 T 6.4 46.4 105 .5

cal Findings in a Marshallese Populetion

34 Twenty-Year Review of HMed
dioactive Fallout, Brookhaven Kat. Leb., lpton,

Accidentally Exposed to Rad
New York, BK-50424 (1975).

]
i

by. Grecnhouse, Brookhaven Nat. Lab., private communication (June, 1979).
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Table 28. Average Daily Calcium Intake for the Marshallese Femaleo Diet*
for Normal Conditions

Food

Fish

Meat

Breadfruit

Pandanus

Banana

Lobster

Milk

Coconut meat

Coconut fluid

Bread

Rice

Carbonated Drink

Canned Juices
Clams

Crabs
Potatoes

Eggs

Pancakes

—

per 100 gea

mg Ca

20
12
22
10
7
45
120
10
30

23

100
45
10
55

215

Intake,
g per day

187

168

27

142

102

234

338

306

127

11

60

[

mg Ca
per day

37

20

328
63
43
23
23
27
25

8.9

1.4
13

6.1
129

700 mg/day

8J.R.C. Buchanan, A guide to Pacific Island Dietaries, South Pacific Board

of Health, Sava, Fiji (1947,.

bj.A.T. Pennington, Dictary Nutrient Guide, Avi Publishing Co., Westport,

Conn. (1976).

T 50111062
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Table 29. Maximum annual dose rates in mrem/y for adult females 1

normal and famine dietary conditions.

-

Location

Engebi (Janet)

Fngebi (Jarnet
Northeast Quadrant

Engebi (Janet)
Southeast Quedrant

Engebi (Janet)
Southwest Quedrant

Engebi (Janet)
Northwest Quedrant

Aomon (Sally)

Type

of

Diet

Normal

-Famine

Normal

Famine

KNormal

Famzine

Fazine

ormal

Famine

Normal

Famine

Orgam

Bone Marrow
Wholebody

Bone Marrow
Wholebody
Bone Marrow

Wholebody

Bone Marrow
Wholebody

Bone Marrow
Wnolebody

Bone Marrow
Wholebody

Bone lavrow
Wholebody

Bone Nérrow
Wholebody

Bone Marrow
Wholebody
Bone Marrow
Wholebody
Bone Marrow

Wholebody

Bone Marrow
Wholebody

Pathway
Ingestion External

Gamma
192.7 55.72
175.7 57.63
445.6 55.72
396.1 57.63
187.9 57.06
165.8 59.18
436.74  57.06
380.6 59.18
145.3 47.82
135.6 49.33
337.7 47.82
304.8 49.33
128.5 50.56
116.8 52.33
302.1 50.56
262 52.33
260.7 64.01
239.3 66.58
604 .1 64 .41
544.9 64 .4
37.19 12.32
32.18  12.76
5.4 12.32
72.88 12.76

i
§

4 .

Ok

.

Total

250

235

500
455

\\'.._".' i
ot -

v
n

Year of
Maximum
Dose

? \. r—aj .R; r———: L—_‘



Table 29 Continued

Location

Bijire (Tilda)

Type
of
Diet

Normal

Famine

-

Southern Islands

Engebi (Janet)
Island/Northern
Islands?@

Engebi (Janet)
Island/Southern
I1slandsb

Aomon (Selly)
Island/Northern
Islands@

ATen percent of the

bAll of the coconut

e 501

Normal

Famine

Normel

Famine

Normal

Famine

Normal

Famine

coconut

intake 1s f{rom

1oy

Organ

Bone Marrow
Wholebody

Bone Marrow
Wholebody

Bone Marrow
Wholebody

Bone Mzrrow
Wholebody

Borne Marrow
Wholebody

Bone Marrow
Wholebody

Bone Marrow
¥holebody

Bonc Marrow
Wholebocy
Bone lMarrow
Wioledody

Bone Mevrow
Wholebody

intake s fr

Total

46
44

&5

15C
1G

101
89

Patnway
Ingestion External
Gamma
32.50  13.24
30.28 13.24
76.62 12.79
68.57 13.24
2.520 1
1.929 1.2
6.639 1.135
4.620 1.281
180.2 50.12
163.4 51.86
418.3 50.12
371.5 50.12
35.756 49.14
23.52 46,14
106.3 45.95
61.11 49,14
37.85 13.806
33.053 14.4)
86.54% 13.85
4.79 14.41
om the lorthern Islands

the Southern Islands

[

NOLD

N wn

G
b
g



Table 29 Continued

Type
of
Location Diet
Bijire (Tilda)
Island/Northern
Islands@ Normal
- Famine
"Southern
Islands/KNorthern
Islands Normal
Famine
Engebi (Jznet) Normal
Birth through
70 y¢
Famine
Engebi (Janet) Normal
Birth through
70 yd
Famine

8Ten percent of the

€1t is assumed that
entire lifespan on

d R . .
€It is assumed that the child is born at

Organ

Bone Marrow
Wholebody

Bone Marrow
Wholebody

Bone Marrow
Wholebody

Bone Marrow
Wholebody
Bone Marrow
Wholebody
Bone Marrow
Wholebody
Bone Marrow

Wholeboady

Bone Marrow
Wholebody

coconut intake is from the

Pathway

Ingestion

33.56
31.32

78.98
70.85

o -
SN

£oun

13.1
10.5

155.5
136.7

entire lifespan on Enjebi (Janet) Island

i 5011163

External

Ganoma

14.

14 .

13.
14,

40.
40.

40.
40.
57.
57.

33.
33.

the time of

.71
.71

.71
.71

43
43

43
43

03
03

Total

48
46

93
85

0
W ro

14
195
1€0
405
350
170
150

335
290

Northern Islands

Maximum
Dose

21
21

the child 1s born at the time of return and lives Qi
Enjebi (Janet) Island

return and lives Lis



Table 30. 30 and 50 year integral doses in rem for
famine dietary conditions for the Engebi
30 year Integra: Dose, Rem
Pathway Wholebody Bone Marrow
Nuclide Normal Famine Norwal Farine
Ingestion .
13764 3.4 7.6 3.4 7.6
05, - - 0.42 1.2
2394240, - - 0.0032  0.013
241 pm - - 0.0045  0.017
241Pu (zalAm) - - c.0021 0.0077
External Garma
3706 + %%, 155 1.5 1.5 1.5

Inhalation

239+240p,, - - 0.072  0.072

241, - - 0.062  0.042

Wlpy (Pl - - 0.014  0.014
TOTAL 4.9 9.1 5.5 11

b 50111bb

i ]
BFa :
l_‘-] 'Lluu' (S L

adult females under normal and
(Janet) Island living pattern.

50 year Integral Dose, Rem

Wholebody Bone Marrow
Normal Famine Normal Famine

5.2 12 5.2 12

- - 0.66 2

- - 0.0087 0.034

- - 0.012 0.046

- - 0.0076 0.029

2.0 2.0 2.0 2.0

- - 0.21 0.21
- -~ 0.11 0.11
- - 0.050 0.050
7.2 14 8.3 16
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Table 3I. 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, Rem
Pathway Wholebody | Bone lMarrow Wnolebody Bone Marrow
- Nuclide Normal Famine, Normal Fsmine Normal Famine Normal Famine
Ingestion
137¢s 3.3 7.3 3.3 7.3 5 11 5 11
'905r - - 0.48 1.4 - - 0.75 2.3
239+240p - - 0.0031 0.013 - - 0.0065  0.05-
241 - - 0.0045  0.017 - - 0.012 0.0:5
Wlp, (Hlpny - - 0.0021  0.0077 - - 0.0076  0.029

External Gamme

137Cs .

Inhalation

60

Co 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0

2394260, - - 0.063  0.063 - - 0.1¢ 0.1¢

26 4 - - 0.036  0.036 - - 0.0¢7 0.0%7

261, (241, ) ) 0.012  0.012 - - 0.043  0.043
TOTAL 4.8 8.8 5.4 11 7.2 13 8.1 1

5011761



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 50 year Integral Dose, Renm
Pathway Wholebody Bone Marrow Wholebody Bone Marrow
Nuclide Normal Famine Normal Famine Normal Famine Normal Famine
Ingestion ’
13764 2.6 5.9 2.6 5.9 4 9 4 9
9OSr - - 0.028 0.82 - - 0.44 1.3
Q
239+240p | - - 0.0030  0.012 - - 0.0082  0.033
241 pm - - 0.0043  0.017 - - 0.012 0.045
2 24
alPu ( lAm) - - 0.0019 0.0074 - - 0.0073 0.0z8
External Gamma
3
L 7Cs + 6000 1.3 1.3 1.3 1.3 1.7 1.7 1.7 1.7
Inhalation
23 '
94240, - - 0.10 0.10 - - 0.31 0.31
241Am - - 0.059 0.059 - - 0.16 0.16
2 s
quPu (ZLIAm) - - 0.019 0.019 - - 0.071 0.071
TOTAL 3.9 7.2 4.4 8.2 5.7 10 6.7 12

50111768



Table 34.

Pathway
Nuclide

‘Ingestion

137

90Sr

239+240Pu

241Am

241 24

Fu (

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 living pattern.

External Garma

137CS L 6

Inhalation

239+240PU

241Am

241PU (24

TO

30 year Integral Dose, Remn 50 year Integral Dose, Rem
Wholebody © Bone Marrow Wholebody Bone Marrow
Normal Famine Normal Famine Normal Famine Normal Famine
4.¢ 10 4,6 10 7 16 7 16
- - 0.52 1.6 - -~ 0.82 2.5
- 0.0034 0.013 - - 0.0096 0.636
- - 0.0047 0.017 - - 0.013 0.057
lAm) - - 0.0022 0.0076 - - 0.0082 0.029
Oco 1.7 1.7 1.7 1.7 2.3 2.3 2.3 2.3
- - 0.011 0.011 - - 0.32 0.32
- - 0.034 0.034 - - 0.091 0.091
lAm) - - 0.011 0.011 - - 0.042 0.042
TAL 6.3 11 7.0 13 9 18 10 21

501171619
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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/Northern Island
living pattern.

30 year Integral Dose, Rem 50 vear Integral Docse, Rem
Pathway Wholebody Bone Marrow Wnolebody Bone Marrow
Nuclide Normal Famine Normal Famine Normal Famine Normzal Famine
Ingestion
137Cs 3.2 7.1 3.2 7.1 4.8 11 4.8 11
90g, - - 0.42 1.2 - - 0.65 2
239+240p - 0.0032 0.013 - - 0.0086  0.034
241
Am - - 0.0045 0.017 - - 0.0012 0.046
241p, (Fy - - 0.0021 0.0076, - - 0.0076  0.029

External Gemma

13700 4 %% 1.4 1.4 1.4 1.4 1.8 1.8 1.8 1.8

Inhslation

2394240, - - 0.067  0.067 - - 0.20 0.20

241Am - _ 0.040 0.040 - - 0.011 0.011

2lpy (P*pmy - - 0.013  0.013 - - 0.047  0.047
TOTAL 4.6 8.5 5.1 10 6.6 12 7.6 15

0011710



Table 36.
famine dietary conditions for the Engebi
living pattern.
30 year Integral Dose, Rem
Pathway Wnolebody Bone Marrow
Nuclide Normail Famine Normal Famine
ingestion - -
13754 0.54 1.3 0.54 1.3
90g, - - 0.36 1.1
239+240p,, - - 0.0029  0.012
2614, - - 0.0042  0.016
Z
28lp, (Pamy - - 0.0018 0.0072
External Garmma
13705 + %0 1.3 1.3 1.3 1.3
Inhalation’
239+240, - - 0.061  0.061
261 - - 0.036  0.036
73
2lp, (2 - - 0.012  0.012
TOTAL 1.8 2.6 2.3 3.8

TR S AT el

P B

TSR TINY

30 and 50 year integral doses in rem for adult femasles under normal and

a A N0

5011171

(Janet) Island/Southern Island

50 year Integral Dose, Rem

Wholebody Bone Marrow
Normal Famine Normal Famine
0.77 1.9 0.77 1.9
- - 0.57 1.8

- - 0.0C078 0.044

- - 0.011 0.037

2.5 3.6 3.4 5.8



Table 37.
30 year Integral Dose, Rem
Pathway Wholebody Bone lMarrow
Nuclide Normal Famine Normal
Ingestion .
137, 0.63 " 0.63
90g, - - 0.013
239+2/40PU N 0.003
'zélAm - - 0.0041
201p, (Hlamy - - 0.0018
External Garma
137cs + 800 0.33 0.33 0.33
Inﬁalation
239+240p,, - - 0.020
241 o - - 0.0011
2py (Ml - - 0.0036
TOTAL 0.99 1.5 0.87

N ':\ g

|f\3.‘

' " -1

30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Aomon (Sally) Island living pattern.

}gg11112

Famine

.32

.12

.016

.0072

.33

.020

.0011

.003%6

Wholebody
Normal Famine
0.95 2.2
0.44 0.44
1.4 2.7

50 year Integral Dose,
Bone Marrow
Famine

Normal

0.008

0.0068

0.05¢9

0.03C

0.013

Rem

3.

i
ot
(]

.51

.033

A

.030

.013

4



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 Integrzl Dose, Renm

Pathway Wholebody Bone Marrow
Nuclide Normal Famine Normal Famine
Ingestion C.

1374 0.64 1.5 0.64 1.5
905, - - 0.12 0.3
2394240, - - 0.003  0.012
241 pm - - 0.0041  0.016

201y, (Hlpmy - - 0.0018 0.0072

External Gamma

13706+ %9 0.36 0.36 0.36 0.36

Inkalation

239+240,,
261, - - 0.015  0.015
61p, (Pl - - 0.005  0.005

TOTAL 0.99 1.9 1.2 2.3

< 5011113

50 year Integral Dose, Rem
Bone Marrow

Wholebody
Normal Famine
0.98 2.2

0.48

0.48

2.

7

Normal

0.0060

0.0066&

0.065

Famine

0.48



Table 39.

Pathway
Nuclide

Ingestion

137Qs

QOSr

239+240PU

241Am

241PU (24

30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Bijire (Tilda) Island living pattern.

External Garmia

137Cs + 6

Inhealation

239+21<OPU

ZAIAD

241 24

Pu (

TO

30 year Integrzl Dose, Rem 50 year Integral Decse, Rem
Wholebody Bone harrow Wholebody Bone Marrow
Normal Famzine Nortzal Fazine Normal Famine Normal Fazine
0.59 1.3 0.59 1.3 0.9 2.0 0.9 2.0
- - 0.064 0.20 - - 0.099 0.31
- 0.0029 0.012 - - 0.0079 0.032
- - 0.0041 0.016 - - 0.0011 0.043
1Am) - - 0.0018 0.0072 - - 0.0068 0.027
OCo 0.34 0.34 0.34 0.34 0.46 0.456 0.40 0.46
- - 0.018 0.018 - - 0.052 0.053
- - 0.013 0.013 - - 0.035 0.635
Yam) - - 0.0042  0.0042 - - 0.015  0.015
TAL 0.89 1.7 0.99 1.9 1.4 2.5 1.6 3

2011174



30 and 50 year integral doses in rem for adult females under normal and

famine dietary conditions for the Bijire (Tilda) Island/Northern Islands

Table 40,
living pattern.
30 year Integral Dose, Rem
Pathway Wnolebody
Nuclide Normal Famine
Ingestion -
13766 0.61 1.4
90Sr _ _
239+240PU _
241Am _ B
4
241PU (2 lAm) _ _
External Gamma
137¢s 4+ 80¢s 0.37 0.37
Inhalation
239+24OPU _
2141Am _ _
21, 261, )
TOTAL 0.99 1.8

Bone Marrow

Normal Famine

.61

.065

.003

.0041

.0018

.37

.022

.015

.005

.20

.012

.016

.0072

.37

.022

.015

.005

Wholebody
Normal Famine
0.93 2.1

|

0.

1.

50 year Integral Dose, Rem

5

0.

2.

5

6

No

1.

Bone Marrow
Famine

rmal

.93

L0653

.04

.018

2.



50 year Integral Dose, Rem

Bone Marrow
Famine

Normal

0.059

0.027

0.0075

0.0067

0.0059

0.034

0.0018

0.0012

0.0005¢

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
Pathway Wholebody Bone Marrow Wholebody
Nuclide Normal Famine Normal Famine Normal Famine
Ingestion P
137
Cs 0.043 0.10 0.043 0.10 0.059 0.14
905, - - 0.019  0.059 - -
(139+240,, - 0.0028  0.012 - .
261 g - - 0.0037  0.015 - -
241p, (241Am) - - 0.0016  0.0067 - -
External Garrna
137¢6 + %0co 0.026  0.026 0.026  0.026 0.034  0.03
Inhalation
239+240p,, - - 0.00060 0.00060 - -
241 4 - - 0.00046 0.00046 - -
201p, (24 - - 0.00015 0.00015 - -
TOTAL 0.069 0.12 0.10 0.22 0.089 0.18

.086

.032

.034

.0016

.0012

06056

.36



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.

Pathway
Nuclide

Ingestion

137CS

90Sr

239+240Pu

241Am

241

241PU ( Am)

External Gemma

137Cs + GOCO

Inhalation

239+240Pu

241Am

24] 241

Pu ( Am)

TOTAL 0.2 0.

0.099 0.23

0.096 0.096

(9]
vy

011111

30 year Integral Dose, Rem
Wholebody
Normal Famine

Bone Marrow

Normal Famine

.099

.021

.0028

.0037

.00060

.0045

.015

(%)
wn

.23

.066

012

015

.0067

.096

L0060

50 year IntegralhDose, Rem
Bone Marrow

Wholebody
Normal Famine
0.15 0.33
0.13 0.13
0.28 0.46

Normal

0.031

0.0075

0.0057

0.0060

Famine

G.01&

0.05¢4



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. Rem 50 vear Integral Dose, Rem
Pathway Wholebody Bone Marrow Wholebody Bone Marrow
Nuclide Normal Famine Normal Famine Normal Famine Norwmal Famine
. Ingestion ;‘

13704 2.7 5.9 2.7 5.9 4.5 9.9 4.5 9.9
99, - - 0.36 1.1 - - 0.60 1.8
12394240, - - 0.0028  0.0097 - - 0.0081 0.029
281, . - 0.0037  0.013 - - 0.011  0.038
241Pu (241Am) - - 0.0017 0.005¢ - - 0.0072 0.024

External Caocma
13706 4 8000 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0
Inhalaticn
2394260, - - 0.0727  0.072" - - 0.1t o.n1”
+
241, - - 0.042°  0.072" - - 0.117  o0.11
201p, (24 - - 0.014% o0.072" - - 0.050%  0.050"
TOTAL 4.2 7.4 4.7 8.7 6.5 12 7.5 14

L
“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 children; this
probably overestimates the dosc due to increased dictary intake of the adull

5011118 ' e
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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, Rem
Pathway Wholebody Bone Marrow Wholebody Bone Marrow
Nuclide Normal Famine Normal Famine Normal Famine Normal Famine
Ingestion g
137 2.8 6.3 2.8 6.3 4.3 9.6 4.3 9.6
905, - - 0.40 1.2 - - 0.60 1.8
239+240,, - - 0.0029  0.0099 - - 0.0082 0.079
241 40 - - 0.0039  0.013 - - 0.011  0.038
Wl (P - - 0.0018  0.0059 - - 0.0072 0.024
External Gamna
»
1370 + 8060 1.2 1.2 1.2 1.2 1.6 1.6 1.6 1.6
Inhalation
239+240, - - 0.072%  o0.072" - - 0.1t 0.21
241 - - 0.0427  0.042" - - o.n1t o1’
2+ L+
2615, (24l - - 0.014%7 0.014" - - 0.050  0.030
TOTAL 4.0 7.5 4.5 8.9 5.9 12 6.9 14

*It is assumed that the child is born 8 years after return and lives his
entire life span on Engebi Island

*Adult data used because no information is available for children; this
probably overestimates the dose due to increascd dietary intake of the adult

50117114
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Table 45. 241pn 5011 Analysis for 0-15 cm. Soil concentrations less than the MDA are set to the MDA.

Arith
mean X _Krige's method Quantiles 997d Maximum
Sample No. pCi/g T4 r-testb X s C.V. m s x 7% 3x %¢ pCi/g sample
\.
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 5.5 8.7 69 93 4Q 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
Aej 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 1.7 1.7 1.1 2.1 4.1 70 93 16 86
Aomon 35 1.6 0.5 0.5 1.4 1.8 1.3 1.6 2.7 74 95 11 - 99
Bijire 15 1.6 0.4 0.5 1.4 1.0 1.2 1.7 3.7 71 93 14 95
Billae bl 1.1 0.5 0.1 1.2 1.2 1.0 2.9 27.5 71 89 36 84
Lojwa 15 0.7 0.1 0.5 0.7 0.2 0.3 0.7 0.2 56 100 1.4 97
M1ijikadrek 3 3.5 -0.8 0.5 3.5 1.4 0.4 3.6 1.6 54 100 8.4 88
Kidrinen 7 4.0 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 1.6 0.5 3.7 2.4 59 100 8.8 74

aghift parameter pCi/g-
bAcceptnnce level ranges: t© < 0.05, .05< v < 0.1, 0.1 < r < 0.5, r< 0.5.
CQuantile of the Krige m position.

d99% percentile value in pCi/g. r e

D;
S =
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Table 46. 137¢s soil Analysis for 0-15 cm.

Arith
mean X Krige's method Quantiles 99%d Maximum
Sample No. pCi/g Ta ;-testb X s C.V. m s x ¢ 3x X¢ pCi/g gample 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 0.5 247 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 10.5 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 1.9 0.0 0.5 3.0 2.6 0.9 3.3 3.5 65 94 17 92
Aomon 35 3.2 0.1 0.5 3.3 4.4 1.4 3.5 5.5 70 93 25 97
Bijire 19 3.6 0.6 0.5 3.7 3.4 0.9 4.1 4.9 65 94 23 96
Billae 5 1.1 0.0 0.5 1.1 0.9 0.8 1.3 1.5 61 93 7 87
Lojwa 15 1.2 0.0 0.5 1.2 0.7 0.6 1.2 0.8 ol 90 4 95
Mijikadrek 5 6.5 0.0 0.5 7.0 7.0 1.0 10.0 18.2 63 89 80 76
Kidrinen 7 16.0 -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
3Shift parameter pCi/g.
bAcceptance level ranges: 1 < 0.05, .05 <r < 0.1, 0.1 < r«< 0.5, v 2« 0.5.
CQuantile of the Krige m position.
dggy, percentile value in pCi/g. |
_—_—
€ o
.- .
¢
o -

ﬁ.?
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Sample No.
Bikini Coconut
meat, 137¢s 8

Bikini Coconut
meat, & juice,

137¢, 8

Encu Coconut
meat, 137¢5 15

Encu Cocanut
meat, 905 9

Eneu Coconut
meat, & juice,
137¢s 16

Encu Coconut
gpice onlyv,
37¢s 15

Eneu Papaya
137(:5 7

Table 47. Radioanalysis of local foods for Bikini and Eneu Islands

Arith
mean X
pCi/g 7
233 -1.9
127 -113
28 ~1.4
0.02 0.0
1¢ -1.4
8.0 -0.7
16 6.0

4Shift parameter pCi/g.

bAcceptance level ranges:

r < 0.05,

CQuantile of the Krige m position.

dogy percentile value in pCi/fg.

g

r~tes

0.5

tb

Krige's method

s C.V.

233 108 0.5

127 95 0.7
27 21 0.8
0.02 0.02 0.8
19 15 0.3

7.9 6.1 0.8

16 12 0.7

.05 < v <« 0.1, 0.1 - r <« 0.5,

Quantiles
m s
233 119
133 110
29 25
0.02 0.02
20 18
8.3 7.2
17 14

r < 0.5.

63

63

63

64

63

63

100

98

98

97

91

98

98

99%d
pCi/g

589

480

104

0.1

76

31

61

Maximum
sample %

89

95

98

35

97

97

95
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