
Kili Island. In 1968 ?resident Johnson declared Bikini Island safe for 

resettlement. 

403096 

Rehabilitation efforts of Biki~i Atoll began in 1969. rnese activities 

required persons to reside on Bikini Island. By April 1978, the population 

numbered 143 persons and consisted of caretakers and agriculturalists employed 

by the Trust Territory plus a few Bikini land owners and their families who 

found their way back via Trust Territory trade ships. This population remained 

on Bikini Island until they were relocated in August 1978 to Kili Island in the 

southern Marshalls and to Ejit Island, Majuro Atoll. 

During the rehabilitation and repopulation years, the medical services al

ready provided by Robert Conard, ~.D. and the Brookhaven ~edical Team on other 

atolls of the 'Marshall Islands were expanded to include sick call and body 

burden measurements on Bikini Islands. This team :nade body burden measurements 

in 1974 (CO 75) and in 1977 (CO 77). In August 1977, the responsibility for pro

viding body burden measurements was transferred from the Medical Department to 

the Safety and Environmental Protection Division (SEP) at Brookhaven National 

Laboratory. The 1978, 1979 and 1980 body Jurden measurements of the Bikini popu

lation were conducted by the SEP organization. 

Tilis report summarizes all personnel monitoring activities which were con

ducted on the Bikini Atoll residents from 1970 through 1980. Using the body bur

den data along with the reported residence interval, individual dose equivalents 

have been calculated and are also reviewed. 

A. Body Burden Measurements - Radiochemical Analysis of Urine 

Prior to the assumption of responsibility for the total personnel 

monitoring program by the SEP Division in 1977, analysis of urine samples for 
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- -,. 1n ~rcduc=s and :=1~suran~c ~lemencs was :onducted under contrac:s to 

3accelle ?acific ~orth~esc Laboratories (3NW"1.) and ~nvironmental Measurements 

Laooracory (E'Xl.). Analytical procedures for processing and analysis are similar 

and can be found in OL 81. 

Urine data collected after 1977 were processed by the SEP Division. 

Sample collection a'nd analysis procedures used by this division are outlined 

belcw. 

l. Urine Collection ?rotocol 

Twenty-four hour and five day urine samples were collected from 

Bi~ini Atoll residents. Twenty-four hour samples were used to define fission 

product body burdens while the five day urine samples were used both to deter-

mine fission products and transuranic body burdens. The normal procedure was to 

ciscribute the urine collection bottles just after the individual received a 

whole-body count. Individuals were informed to collect all urine excreta in the 

Jottle for the specified collection period. Sample containers were collected 

after the selected sample period had elapsed. 

Once collected, acidification procedures were followed to inhibit 

biological degradation of the sample. From 1977 co 1978, urine bottles were 

precreated with 15 ml of a 10! thymol-alcohol solution. After urine collection, 

10 ml of H~o 3 was added. This procedure was halted because of skin discomfort 

caused by thymol contamination during urine collection. In 1979 and 1980, lSg 

of Jorie acid was added to each one liter urine bottle after sample collection. 

Both acidification techniques minimize sample degradation. After acidification, 

samples were packaged and shipped to BNL for analysis. 

Twenty-four hour urine samples are analyzed for gamma emitting nu-

1 . . 90 c la.es and Sr. Samples are first placed in an ultrasonic cleaner to loosen 
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dra•.m for gamma analysis. Gamma spectroscopy is perfo~ed with a lZS cc active 

volume, 26: relative efficiency Ge(Li) detector which is connected to a computer 

based multi-channel analyzer. Samples we~e counted from 4000 to 10000 seconds 

depending on the activity in the sample. When gamma analysis was completed, the 

aliquot was returned to the initial sample and the total volume was analyzed for 

90Sr _ 90Y. 

The sample is acidified to a pH of 1, stable strontium and yttrium 

carrier along with 85 sr tracer are added to the sample. The sample is chemi-

cally processed according to the procedure reported in Appendix A. The final 

processing step results in a 9oy precipitate which is used to determine the 90sr 

urine activity concentration. Sample results are corrected for chemical yield 

and radiological decay of 9oy post separation from 90sr. Because of the dura-

90 tion between sample collection and sample analysis (in excess of two months) Y 

and 
90

sr are in secular equilibrium at time of sample analysis. 

13 7c d 90s · · · · f 11 l d s an r urine activity concentrations or a poo e sam-

l d · T · 1 l 13 7c d 90s · · · · d p es are reporte in ao e • s an r urine activity concentrations an 

90 
the Sr body burden at time of removal are reported in Tables 2 through 5 for 

Bi~ini Atoll residents sampled between 19i3 and 1980. 
OQ 

The • Sr data were used 

to calculate the bone marrow dose-equivalent commitment. 

Five day urine samples were also collected from 1974 to 1978. 

These samples were analyzed by Battelle Northwest Laboratory (BNWt), Environmen-

tal Monitoring Laboratory (.E}!L) and Los Ala.mos Scientific Laboratory (LASL) for 

fission products and transuranic nuclides. The results are presented in Table 

6. All transuranic analyses were carried out by alpha spectroscopy. The mini

mum detectable limit was 3.7 x 10-S Bq for all analysis systems. 
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Fi~e samcles ~e~e obc1ined 3eq11encially f7om 15 pe~sons ~u~in~ c~e 

January 1979 field trip to determine the variability inherent in the 24 hour 

ur:ne sample program. Tile results of this study are listed in Table i. For 

13 ics, the mean biological and counting variability (one standard deviation) 

associated with a single urine sample is 32%. For 90sr, most of the results 

were less than the minimum detection limits of the system or the average of the 

S urine sample results had an associated standard deviation which was larger 

than the result. Consequently, only 6 sample results were used to determine :he 

biological and counting variability of the 
90

sr urine data. Tile mean standard 

deviation associated with this result is 65%. nie counting error contributes 

15: of the variability while other sources of variation account for so:. niese 

other sources are most likely related to the day to day metabolic changes nor

mal ~y exhibited by an individual. 

B. Whole-Body Counting 

wbole-body counting measurements on the Bikini population that were 

conducted in 1974, 1977, 1978, 1979 and 1980 are presented. Tile body burden mea

surements were performed by two different organizations; consequently, the exper

imental design included a mechanism to ensure that previous and current results 

are directly comparable. Key detection components were duplicated and the sys

tems were calibrated in the same manner (CO 63). nie operational procedures and 

counting geometries were basically similar, and an intercomparison study was 

conducted using Marshallese and Brookhaven personnel to ensure system 

com?arability. 

1. Instrumentation 

nie detector chosen for field use by both Brookhaven organizations 

ls a ZB cm diameter, 10 cm thick, sodium iodide thallium activated scintillation 
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magnecically shielded, ?hotomulti?lier tubes. The signal output from each 

phocomultiplier tube is connecced in parallel and the combined output routed to 

a ?reamplifier/ampliiier and chen to a microprocessor-based computer/pulse 

height analyzer (PHA). The PHA data is stored on a magnetic discette, and the 

results may be analyzed either in the field or at BNL using a matrix reduction, 

minimization of the sum of squares technique (TS 76). 

2. Calibration 

Analysis of 3pectra by the matrix reduction technique requires 

that the computer library contain individual standards for each radionuclide 

thac is expected in the field measurements and that the field measurements and 

standards be the same geometry. 

To accomplish this, a review of the previous whole body counting 

. 40 60 137 data (CO 75, CO 77) indicated the need to calibrate for K, Co and Cs. 

The present system was calibrated in 1978 using an Anderson REMCAL phantom (CO 

63) and in 1979 using a SOM.AB bottle phantom. Each radionuclide was introduced 

into the phantom's organs in an amount equivalent to the fraction in organ of 

reference of that in total body as defined by the ICRP in Publication 2 (ICRP 

j9). Under conditions of continuous exposure where equilibrium has been reached 

these fractions are correct. This is achieved for the nuclide 4°K. The nu-

cli.des 60co and 137cs are in 'l'b · h h h and non-equi l r~um t roug out t e exposure post ex-

posure intervals. Cesium is taken up principally in cells with 80% to muscle 

and 8% to bone (SP 68) where the mean residence times are both 160 days. This 

implies a nearly uniform distribution of the nuclide throughout the whole body. 

Thus, with 88% of the uptake spread throughout the body with a long halftime and 

with the remaining 12% of the uptake in the extracellular fluid, which retains 
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significantly affected T.tith respect to an ingesc:ion/excretion equilibrium of ce

sium within the body. 60co is not distributed uniformly throughout the body 

with 20: of an oral intake being retained in the liver with a very lcng biologi-

cal halftime and about 80% being cleared from the extracellular fluid to out of 

the body with a biological halftime of· one day or less. Thus source geometry 

will be significantly effected with respect to ingestion/excretion equilibrium 

of cobalt within the body. 

To verify the activity in the phantom prior to use as a standard, 

an aliquot of the phantom solution was counted on a lithium drifted germanium de-

teeter which was calibrated with NBS standard sources. The phantom was then 

counted in a shadow shield whole body counter (WBC) (PA63). The whole body 

counting system consists of a stationary crystal and stationary bed. The 

counter detects radioactive material located ?rincipally in the thorax, so 

positioning of the phantom and the in vivo counting subjects must be as similar 

as possible. To facilitate reproducible =ounting geometries, each subject and 

the standard phantom was positioned such that the central axis of the crystal 

intersected the central axis of the body about 25 cm below the sternal notch. 

The distance between the surface of the bed and the bottom of the detector is 

32.4 cm. The total system efficiencies for 4°K, 60co and 137cs are listed ln 

Table 8 as are typical minimum detection limits for these nuclides. 

In 1979, a shadow shield chair geometry replaced the shadow shield 

bed configuration. The chair whole-body counter used the same electronics as in 

the past. The system was calibrated using a 3omab bottle phantom. Uniformly 

d . . b d . . . 40 60 13 7 lstri ute activity concentrations of K, Co and Cs were used for system 

calibration. Verification of phantom activity was accomplished as previously 
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ie"'criced. The ~nai:- Jeomec:t7 dei:ects radioactive material located bet·,.;een ::he 

neck and the ~nee. The total system efficiencies are the same for the chair and 

bed geometries. 

3. Quality Control 

The quality control (QC) program consisted of a cross comparison 

of the radionuclide amounts estimated co be in the phantom volume versus NBS cal-

ioracion standards. Agreement between the two activity concentrations is within 

plus or minus 5% for all radionuclides. Other quality control mechanisms 

employed were repetitive counting of secondary point source standards, multiple 

counts of 3rookhaven personnel, repetitive counting of the Marshallese (blind 

duplicates) and an intercomparison study. 

Two point sources were used in Che QC program. · · 11 137c Initia y s 

source, which has been used by the BNI. medical sur1eys in previous years, was 

used to monitor potential changes in system resolution and efficiency as func-

tion of time. 137 In subsequent years, a Cs + 60 . d f Co point source, was use or 

zero, gain, resolution and efficiency determination. 

Replicate counting of Marshallese was conducted on 5% of the 

subjects. Results indicate that the data obtained from the field whole body 

counting system is reproducible co within ?lus or minus 6%. Almost all of this 

error is due to variable subject position. wben subjects remain stationary, the 

difference between sequential results is ?lus or minus 1%. 

An intercomparison of whole body counting systems was conducted be-

tween the field system and the whole body counter operated by S. Cohn for the 

Brookhaven Medical Department. Persons used in the study included 13 

~arshallese with measurable 137cs body burdens plus several Brookhaven employees 

with current whole body counting records at the Medical Department. The results 
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13 7 40 ' of the study indicate that, Cs and K oody burdens which exceed the minimum 

sensitivity of both systems are in agreement to within plus or minus s:. 

RESULTS 

Persons listed in Tables 9 through 12 have been identified as medically 

registered residents. This terminology means these individuals reported to BNL 

doctors for sick call during the April 1978 field survey and were assigned a reg-

istration number. For continuity, these numbers were retained by SE? for 

radiochemical analysis of urine identification. Individuals who donated urine 

for analysis of 90sr and 137cs in 1979 and did not report for sick call during 

the April 1978 survey at Bikini Atoll have been ter:ned non-medically registered. 

Persons who had not resided at Bikini Atoll for more than three years as of 

January 1979 or had never resided at Bikini Atoll are labeled as comparisons. 

Tables 9 and 10 present a list of adult individuals who were counted in 

1974 (CO 75), 1977 (CO 77), 1978, 1979 and 1980. There is a general increase in 

body burdens of adult males from 1974 to 1977 by a factor of 13.3, and from 1977 

to 1978 by a factor of 1.8. The general increase for adult females from 1977 to 

1978 was slightly higher than that for males over the same period. In most 

cases, the January 1979 data are significantly lower than the 1978 with an 

d d . . h 137 average re uction in t e Cs body burden by a factor of 2.9. The :-ray 1979 

and August 1980 data follow the expected decreasing trend. 

T bl 11 d 12 . 137 d a es an summarize the Cs bo y burden data collected for adoles-

cents and children. It must be noted that data reported here are uncorrected 

for height and weight differences between subjects and the standard, up to 15: 

deviations have been reported for adult data (MI 76). Body burdens of adoles-
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cen~3 and childr~n re?ort~d ~~ 7ables 11, 12 and 13 ~ere computed us~n3 

efficiencies obtained from standard adolescent and juvenile Bomab phantoms. 

Table 13 summarizes the 137cs data that are presently available. It shows 

the ~ean standard deviation from the mean, and range of values reported for the 

sampled population segregated by sex and age, as it has changed from 1974 to 

1980. 

Table 14 compares the observed reduction in 137cs body burdens from April 

137 
19i8 to January 1979 with the reduction in Cs body burden that was expected 

as a result of relocating the Bikini population in late August 1978. Values for 

the ~iological removal rate constants were obtained from NCRP Report 52 (NRCP 

77) and ICRP Publication lOA (ICRP 71). 

Table 15 presents the long term biological removal rate constants for indi-

viduals in the Bikini population as determined from sequential measurements in 

1979 and 1980. 137 Table 16 presents population subgroup mean values for the Cs 

long term biological removal rate constant. The data are in good agreement with 

ICRP publication lOA (ICRP 71) and NCRP report 52 (NCRP 77). 

In addition to the followup whole body counts performed on persons ~ho 

were initially counted in April 1978 on Bikini Atoll, persons who had resided at 

Bi~ini Atoll and were concerned about their current body burdens were counted. 

Dependents of adult Bikini Atoll residents were counted regardless of their resi-

dence history. Results of this work conducted in January 1979, May 1979 and 

August 1980 at Majuro Atoll, Kili Island and Jaluit Atoll are presented for 

adult males, adult females, adolescents and juveniles in Tables 17 through 20 re-

spec:ively. 137 
Most of the Cs body burdens are at levels which are consistent 

with world fallout contamination. Some dividuals have higher than anticipated 

137
cs body burdens. Interviews with these subjects revealed that they either 
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?r=duct3 f::m c~1~~mi~atad atolls 0r had recently visited these 

atolls. 

Population Census and Residence Atolls 

137cs body burdens from May 1979 of individuals whose residence history on 

Bikini was minimal and who had not recently (within 2 years oi August 1978) 

resided at Bikini Atoll were grouped together to form a c;mparison population. 

In August 1980, a second comparison population was selected from !1.ajuro Atoll 

and Kili Island residents who had never resided on Bikini Atoll. The whole-body 

counting data for this group is presented in Tables 21 through 24. Table 25 sum-

. h 137 f b h h ~- 1979 d A 1980 . marizes t e Cs data or ot t e •'14.Y an ugust comparison 

populations. The comparison population data were used in the computation of the 

137
cs long term biological removal rate constants reported in Table 15. 

Table i6 shows the number of April 1978 Bikini residents that were 

recounted on subsequent field trips. Column 2 lists the total number of people 

( counted on each field trip. Column 3 lists the total number of persons who 

resided at Bikini Atoll in April 1978. Column 4 lists the number of persons who 

were medically registered in April 1978. The difference between column 3 and 4 

reflects the presence of Rongelap or Utirik residents who had coved to Bikini 

Atoll between 1970 and 1978. Column 5 lists the number of persons counted that 

belong to the medically registered population listed in Column 3. Column 6 

lists the number of persons counted who reportedly resided on Bikini Atoll at 

the time of relocation in August 1978. Column 7 lists the number of non-

relocated former residents counted. 

Table 27 presents the number of adult males, adult females, adolescents 

and juveniles which composed the medically registered, relocated population sam-

pled in 1978 and 1979. Table 28 presents the same sample breakdown for the 
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onl:r in 1979. 

Table 29 summarizes the residence locations of all persons counted. 

!a~les 30 and 31 break this data down by sex, age and registry status for the 

January 1979 and ~ay 1979 field trips. Tables 32 through 39 provide individual 

counting dates and residence atoll or island at time of counting. Table 40 

lists registry numbers, age, name, sex and last known location of individuals 

who have not been whole body counted since their departure from Bikini Atoll. 

DOSI}!ETRY 

The dose equivalent to Bikini Atoll residents during their residency pe

riod was the result of internal and external sources of radiation. In 1975, ex

ter~al exposure measurements were performed (GR 79) at Bikini Atoll. Using 

t~ese data and an estimate of the Xarshallese living pattern developed by 

Gudi~sen (GU 76), an estimate of the mean yearly net exposure rate for adult 

males, adult females, adolescents and juveniles was developed and reported in a 

previous publication (GR 79). The net external dose equivalent for each individ-

ual was determined as the product of the mean ne: exposure rate, the residency 

interval and a correction factor for radiological decay and l.S presented in Col-

umn 5 of Table 41. 

The dose equivalent commitment for bone marrow due to 90 Sr has been calcu-

lated for individuals from urine data reported in Tables 2 through S. The 

symbols, constants and equations used are ?resented in Appendix B. The retro

specti•re dose equivalent was determined using several assumptions. First, per

sons returning to Bikini Atoll returned with an initial 90sr body burden at base

line levels. Second, while residing on Bikini Atoll, individuals were subjected 

to a constant and continuous uptake of 90sr through the ingestion pathway. 
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90 Finally, once strontium is ingested and absorbed into the blood, Sr disintegra-

tions are evenly distributed in cortical and cancelous bone tissues. Each indi

vidual was assumed to exhibit diffarent 90sr ingestion rates. The daily activ-

icy ingestion rate was determined from urine data. The prospective dose equiva-

. . . . . f 90 d . h lent was deter.nined with the assumption that ingestion o Sr cease wnen t e 

individual departed from Bikini Atoll. Disintegrations resulting from residual 

strontium-90 in bone post departure were calculated for an infinite post resi-

dence interval versus a fifty year period commonly chosen for radiation workers. 

The dose equivalent commitment, the sum of the retrospective and prospective 

dose equivalents, are listed in Table 41, Column 3. 

The retrospective and prospective dose equivalent resulting from the inges-

137 tion of Cs have been calculated for members of the Bikini Atoll ~opulation. 

The symbols, constants and equations used are presented in Appendi:< c. Data 

used for these calculations were obtained from Tables 9 through 12 of this re

port. Because the 137 cs body burden data dramatically increased between 1974 

137 and 1978, constant and continuous uptake of Cs could not be assumed. Conse-

quently, the dose equivalent during the uptake interval was calculated using a 

monotonic increasing upta~e regime. The total residency period, was divided 

into three intervals during which constant and continuous ingestion of 137cs was 

assumed. These periods, January 1, 1970 to December 31, 1975, January l, 1976 

to April 5, 1977 and April 6 to August 31, 1978, were determined based on the 

bioassay data and the maturation period for vegetation planted in the early 

1970's. It was also assumed that the initial 137cs body burdens of individuals 

returning to Bikini Atoll were at baseline levels. The prospective dose equiva-

1 d · d · h h · h h · · f 13 7c d -enc was etermine wit t e assumption t.at t e ingestion o s cease atter 
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an :,aividusl de?~rt~d r~om 3i~:~i itoll. :he dcse equival~nt c~trniit~ent as :~-

termined from these calculations are listed in Table 41, Column 4. 

The total body dose equivalent commitment listed in Column 6, Table 41 is 

the sum of Columns 4 and 5. The total bone marrow dose equivalent commitment re-

ported in Column 7 was obtained by summing the data in Columns 3, 4 and 5. 

Figures l through 3 illustrate the distribution of the dosimetric inform.a-

tion obtained from Table 41. Figure 1 describes the distribution of residence 

90 interval, net external exposure, Sr bone marrow dose equivalent commitment, 

137cs total body dose equivalent commitment, th~ total bone marrow and total 

whole body dose equivalent commitments for the Bikini population sampled in 

April 1978. Figure 2 presents this infor:!lation for :nales only while Figure 3 

presents the female dose distribution. 

-- Discussion of Results 

90sr body burdens do not appear to be significantly different for males, 

females and adolescents; however, the 
137

cs body burden as summarized in Table 

13 indicates that male versus female adult body burden means are significantly 

different. There was also a small difference between the body burdens of the 

adult females and all children. These differences suggest chat dietary and liv-

ing patterns change as an individual matures thus effecting the body burden. 

'nlis problem was addressed for external exposure in an earlier report (GU 

77) and an estimated living pattern was developed for children, adult females 

and adult males. This information indicates that the adult males spend 5~ more 

of their time in an environment which is radiologically substantially higher in 

activity than do the adult females. If one assumes that 5% more of the dietary 

uptake of radioactive materials occurs due to the longer duration of time spent 

in the interior section of the island, then one would expect that the mean adult 
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fac-

tor of 1.2. !he 137cs data collected in April 1978 indicates that the mean 

adult male body burden is 1.5 times higher than the mean adult female body 

137 burden. Likewise, the mean child body burden for Cs would be expected to be 

lower by a factor of l.8. Our data indicates that the mean child 
137

cs body 

burden is a factor 2 less than the mean adult male body burden. 

Ocher factors which influence the body burden include the age of the indi

vidual, the residence interval on Bikini Island and family relationships. 137cs 

body burden results weighted by the individual's body potassium and ordered by 

sex, age and residence interval were tested to determine the influence of age 

and residence interval on the body burden. The 3artlett test for homogeneity of 

var:ance was used to determine if the sample populations under consideration had 

the same variances. If the sample variances were the same then a one way anal-

ysis of variances was performed on each data set. If the sample variances were 

not equal, then the data was transformed by taking the log (ln or square root) 

of the activity and the test for homogeneity repeated. wben the data passed the 

Bartlett test for homogeneity, the one way analysis of variance was performed. 

The data were grouped by sex because the mean of the adult male and adult female 

137
cs body burden were significantly different. 

!he result of the one way analysis of variance with age of the individual 

being the variable suspected of influencing the weighted 137cs body burden re-

sults indicates that no age or age group significantly influences the results. 

This implies that indigenous food products are consumed at a uniform rate by all 

individuals and that one age group does not have a preference for a type of food 

not found in the diet of other generations. 
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7';•e result Jf t:he one YJay ana~:,rsis .;f var:.ance loiit:h residen.:e c:.me en 

3i~ini as c:he variable of concern is unclear. The statistical analysis for 

adult males indicates c:hac: persons with residency periods greater than 6 years 

h h · h · · d 13 7c i · h · f h 1 1 · ave ig er weignte s resu ts t,an t~e rest o t e ma e popu atlon. For 

adult females, c:he group residing on Bikini for 3-6 years have lower weighted 

137 cs results than the rest of the adult female population. Residency once past 

137 l year, was expected to have no effect on the Cs body burden. This expecta-

tion was based on the mathematical models used by ICRP Publication lOA (ICRP 71) 

which indicate that equilibrium with the environment would be reached within the 

first 2 years of exposure to a constant uptake of 137cs. 

Data for these analyses were grouped in age and residency intervals that 

woui..d provide a minimum sample size of five data points per sample interval. 

rne small sample size and large variance of the grouped data cast serious doubt 

as to the significance of the results generated by our statistical analysis. 

The last variable considered was the impact of the social structure in the 

~rshallese society. This factor seems to be highly significant. Table 42 

1 . h 137 . . ists t e Cs body burden results ordered by family ranking. The family rank 

was ac:omplished by assigning the family ?lacement number to the adult male's 

iJiCs body 'ourden. E · · f h' t ·1 l h h ~ ·1 - ·1 xamination o t is ao e revea s t at t e .ami y toi ows 

the ?attern set by the adult male. This pattern does not follow a direct one to 

one relationship; however, the trend is apparent. 

There are several possi~le reasons for this trend. First, individuals 

from the same family have a similar philosophy regarding the quantity of 

indigenous food crops that they want to consume each day. Second, the family 

only uses locally grown food products that are obtainable from that family's 

land. The family wato is also listed in Table 35. Finally, the significance of 
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listed above and the willingness of the family to purchase food. 

The whole-body counting data also indicates that previous estimates of the 

type of food and amount of various components in the Bikini diet did not ade-

quately describe the dietary patterns that existed between 1974 and 1978. As 

certain local food crops, coconuts, became available in 1976, they were incorpo

rated into the diet in the form of jekaru (the water sap of the coconut tree), 

jek01I1ai (a syrup concentrate made from jekaru) and waini (drinking coconuts). 

The maturation time of the coconut tree is 5-7 years. Consequently, one would 

expect to observe a steady increase in the 137cs body burden through 1978 at 

which time an equilibrium body burden woulj be reached. Comparison of the 

obser•1ed reductior.· in the 137cs body burden from April 25, 1978 to January 24, 

- 1979 with the expected reduction in the body burdens f=om September l, 1978 to 

January 24, 1979 yields almost identical results for the adult male and adult fe-

f male groups as shown in Tables 7 and 8. This implies that the Bikini population 

could have attained equilibrium and that the body burdens on September l, 1978 

were not significantly different than those measured in April 1978. Tile child 

( 

data do not agree with the expected value; however, the difference is not beyond 

the range of half-times listed in NCRP Report 52 (~CRP 77). Although NCRP Re

port 52 lists a mean half-time for children ages S through 15, it does not spec

ify the age distribution of the sample. ~st of the Bikini children were in the 

5-10 year category; hence, one would expect the observed reduction factor for 

this gTOup to be somewhat higher than the expected value. 

Although the data indicates that the 137cs body burdens may not have in

creased between April and September 1978, this is not assurance that the body 
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:i1J~-:e~s would not have increas~d ~hen new dietary items like pandanus and 

breadfruit became available for daily consumption. 

Furthermore, while the population may have been near equilibrium with 

their April dietary uptake, individuals within the population may not have been. 

This was apparent in the adult male 
137

cs body burden data where two individuals 

show no decline in activity between the April 1978 and January 1979 whole body 

count. In one case, the individual was present on Bikini for only 5 months 

prior to the April 1978 count. This places the individual at approximately 60% 

of his equilibrium body burden value. In the second case, there seems to be no 

clear explanation for the lack of any reduction in the body burden, however 

l. the individual may have lived away from Bikini prior to the April 

count; hence, equilibrium was not established at the time of counting, or 

z. the individual changed his diet pattern between April and September. 

These deviations from the norm do not alter the conclusion that equilibri-

um or near equilibrium may have been reached for the population as a whole for 

137cs. Indeed, they illustrate variations about a mean value. 

Data collected between January 1979 and August 1980 also indicate that cer-

. . d. . l h b . . 137 h. . d h f h tain in i~idua s ave een ingesting Cs at a rate w icn excee s t at o t e 

sample population. This could in large part be due to visits to Bikini or other 

contaminated atolls between measurement dates. 

The individual dosimetric data presented here clearly illustrates that at 

least 19% of the Bikini residents would have received a dose equivalent in ex

cess of 5 mSv (0.5 rem) due to the ingestion of 137cs had the April 1978 activ-

. . . - 137 . . . 1 1 l . . ity ingestion rate or Cs continued. This dose equiva ent eve aoes not in-

elude the dose equivalent from external radiation or other internally deposited 

radioactive material. Removal of the Bikini population from Bi~ini Atoll 
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e imlnated the Cs source term from the diet and limited the dose equivalent 

received by this population. 

The contribution of 90 sr to the bone :narrow dose equivalent commitment was 

small relative to the contribution from external exposure and 
137cs. As resi-

d . l . d d f d d . h . . . 9o... . ence interva s increase , an oo pro ucts wit nigner ~r concentrations 

. became more available, then the body burdens and bone marrow dose equivalents 

would have correspondingly increased. 

The total body and bone marrow totai dose equivalent commit~ents have a 

standard deviation of 40% in the adult subgroups. For residence periods between 

the years 1969 and 1978, a maximally exposed person received a total dose equiva-

lent commitment of 30 mSv (3 rem) and the population average total dose equiva-

lent commitment was 12 mSv (1.2 rem) due to man-made radioactivity on Bi~ini !s-

land. 

ACKNOWLEDGE.'1ENT 

We would like to express our sincere appreciation to Dr. Robert A. Conard 

and Stanton H. Cohn, Ph.D., Brookhaven National Laboratory, Medical Department 

for their advice and assistance during the initial setup, preliminary operations 

and transfer of responsibility for bioassay services to our Division. 

The field portion of the radiological survey of the Marshall Islands was 

accomplished by an intense and diligent effort on the part of the contri1Jutors 

listed for this document. We are also deeply indebted to those contributors who 

complemented the field work by performing radionuclide analyses and by 

pretesting equipment prior to use in the field. 

The survey crew extends its thanks to the Nevada Operations Office and Pa-

cific Area Support Office for support services which result in a smooth and effi-

19 



cia~t surveys. Support from the Kwajalein ~issile Range and the site contrac

tor, Global Associates, as well as from t~e crew of the M. V. Carolina Islander, 

~. V. Marshall Islander and R. V. Liktan~r was greatly appreciated. 

The outstanding cooperation of personnel from the Trust Territory of the 

Pacific Islands and from the Office of the District Administrator of the 

Marshall Islands, as well as that of the Sikini people, played an i~portant part· 

in the successful completion of the survey. 

REFERENCES 

co 63 

co i5 

co i7 

GU 76 

ICRP 59 

ICRP 65 

Cohn, S. H., Conard, R. A., Gusmann, E. A. and Robertson, J. S., 1963, 

"Use of a Portable Whole Body Counter to Measure Internal Contamina

tion in a Fallout-Exposed Population", Health Physics 9, 15. 

Conard, Robert, A., et.al., 1975, a Twenty-Year Review of Xedical Find

ings in a !-iarshallese Population Accidentally Exposed to Radioactive 

Fallout, BNL 50424 (Brookhaven ~iational Laboratory, Upton, New York). 

Personal Communications with s. Cohn, Medical Department Brookhaven Na

tional Laboratory. 

Gudiksen, P. H., Crites, T. R. and Robison, W. L., 1976, External Dose 

Estimates for Future 3i~ini Atoll Inhabitants, UCRL-51879, Rev. 1 

(Lawrence Livermore Press, Liver:nore, California). 

Recommendations of the International COtIJm.ission on Radiological Protec

tion (ICRP), Publication 2, 1959, Report of Committee II on Permissi

ble Dose for Internal Radiation, (Pergamon Press, New York). 

Recommendations of the International Commission on Radiological Protec

tion (ICRP), Publication 9, 1965, Report on Radiation Protection, 

(Pergamon Press, New York). 

20 



~~~ccmenja::cr.s u: :~e :~t~rnac:anal Cot1IJ1ission on ~adiolagical ?rotec-

ti on ( !CRP), Publication lOA, 1971, Contamination Resu 1 ting from Recur-

rent or Prolonged Uptakes (Pergamon Press, New York). 

~11 76 ~iltenberger R. P., Daniel, H. and Bronson, F. L., Estimate of Total 

Error Associated with a Whole Body Count Result, Handbook of Radiation 

Measurement and Protection, CRC Press, Inc., Cleveland, Ohio (In 

Press). 

NCRP 77 Recommendations of the National Council on Radiation Protection and 

Measurements (NCRP), Report 52, 1977, Cesium-137 from the Environment 

to Man: Metabolism and Dose (National Council on Radiation Protection 

and ~easurements, Washington, D. C.). 

OL 31 Protocol for Radiochemical Analysis of Urine, Teeth and Milk, Editor: 

L. L. Olmer, Contributors: D. X. Henze and J. R. Steimers, BNL Re-

port, Draft, March 1981. 

PA 65 Palmer, H. E., and Roesch, W. c., 1965, "A Shadow Shield Whole Body 

Counter", Heal th Physics 11, 1213. 

TS 76 TPOS Operations Manual 1976, Tennecomp Systems, Inc., Oak Ridge, 

Tennessee. 

( 
' 21 



Appendix A 

Urine Bioassay Chemistry Procedures 

137cs and 90sr Assay of Urine in the Absence of Fresh Fission Products 

A. Reagents 

Strontium carrier solution: 20 mg Sr/ml 

Yttrium carrier solution: 20 mg Y/ml 

Calcium chloride: 0.1 M 

Diethylhexylphosphoric acid: 20Z in toluene 

Nitric Acid: 16N 

Hydrochloric: 0.08 N 

Amnonium hydroxide: 15 N 

Ammonium hydroxide wash solution: 1 ml 15 ~ in 500 ml H 0 

Sodium hydroxide: 6 M 

B S l P · for 137c A l · • amp e reparation s na ysis 

l. Loosen cap on sample bottle and place into ultrasonic cleaner for 

approximately 10 minutes to loosen and disperse solids. 

2. Pour suspended sample into a 2 liter graduated cylinder and record 

total sample volume. 

3. Measure 300 ml of sample into an aluminum can. Seal on lid. 

4. Analyze sample with Ge(Li) detector system. Count for 4000 

seconds. 

5. When gamma analysis is completed and data is verified, return sam-

ple to analytical laboratory. 

C. Procedure for 90sr Analysis 

1. Remove urine from aluminum can and pour into 2 liter bea~er. 

Rinse can and cover and add rinses to ~eaker. 
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Pcur remai~~ng sample from =ottle into the 2 liter ~eaker, add 50 

ml concentration HNO to bottle to rinse walls, add to beaker. 

Rinse with water and add to sample. 

3. Adjust pH to approximately 1 and heat sample to 80°C. Stir. 

4. Add to sample 

Strontium carrier: 40 mg 

Yttrium carrier: 40 mg 

90sr tracer: 1 ml (Xl0,000 dpm) 

CaCl 0.1 M: 50 ml 

5. Digest sample at 80°C for 30 minutes while stirring. 

6. Adjust pH : 4. 

7. Add 40 ml saturated oxalic acid solution and mix well. 

8. Drop add 6 M NaOH to adjust ?H • 4. 

9. Digest (with stir=ing) for 30 minutes. 

10. Remove from heat, remove stirring bar, let settle overni6ht. 

11. Filter entire sample through a 2 inch Whatman 42 filter paper 

mounted in filter assembly. Wash the precipitate once with ammo-

nia wash solution. 

12. Transfer filter paper and ?recipitate to a 150 ml beaker. Dry at 

125°C in a muffle furnace. Slowly raise the temperature (over an 

eight hour period) to a maxi~um of 500°C. Continue heating at 

500°C overnight. 

13. Cool the sample and add small volumes of concentrated HNO. Evapo-

rate slowly to dryness. Dissolve residue in 60 ml of 0.08 N HCl. 

Adjust pH • 1. 
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the yttrium with 60 ml of 20: HDEHP solution. Note, time of extrac

tion. Save aqueous ?hase for possible future reanalysis. 

15. Wash the organic phase twice with 60 ml of 0.08 N HCl. Save the 

first wash and combine the aqueous phase from step 14. 

16. Extract the yttrium from the organic phase with.2, 60 ml volumes 

of 3 N HN0
3

• Shake for 2 minutes for each extraction and then com

bine 3 N HN0
3 

solutions in a 150 ml beaker. 

17. Evaporate the sample solution to a volume of approximately 3 ml 

and quantitatively transfer to a 50 ml centrifuge cube with sever

al volumes of water. 

18. Adjust the pH co 8-10 with :ra~OH co precipitate Y(OH) 3. 

19. Centrifuge, decant and discard supernatant liquid. 

20. Wash the precipitate with water, centrifuge, discard wash. 

21. Dissolve the precipitate in 1:1 HCl (a few drops), slurry and add 

25 ml water. 

22. Add saturated oxalic acid (2-3 ml), then 2-3 drops of NH
4

0H. Di

gest at 85°C for 1 hour. 

23. Filter through a preweighed glass fiber filter disc, wash wi~h 

water and ethyl alcohol. Dry at 110°C for 15 minutes. 

24. Weigh the dried precipitate and filter paper. Mount on nylon 

disc, cover with 0.25 ~l mylar and beta count for 60 minutes using 

low background anti-coincidence counters. 

25. Correct for gravimetric yttrium yield and yttrium decay single 

separation. 

26. Report data in pci/l urine at time of collection. 
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90 90 
Symbols, constants and equations used to calculate Sr- Y bone marrow 

dose equivalent during the uptake interval and the cetmnitted dose eouivalent 

The following definition, symbols, constants and equations describe the 

mat~ematical model used to calculate dose equivalent during and post the uptake 

interval. Intermediate steps can be used to determine body burdens or daily ac-

tivity ingestion rates. 'nle equations were developed with the assumption that 

the measured quantity from a bioassay program would be the urine activity concen-

tration. 90 90 
Constant continuous uptake of Sr- Y through the ingestion pathway 

was assumed for the entire residence period. 90 For Sr, the uptake interval 

equals the residency period. As indicated previously 90sr disintegrations are 

divided equally between cortical and trabecular bone. 

Mathematical Model 

N~ 
l 

N. 
l 

?. 
l 

K. 
l 

q. 
l 

E. 
l 

Symbols, Definitions and Units of ?hysical Quantities 

-
-

-

-

the number of atoms of species of concern present at time zero in com-

partment i, atoms, 

the instantaneous number of atoms of species of concern present at time 

t in compartment l, atoms, 

-1 atom intake rate into compartment i from blood, atoms day 

the instantaneous fraction of atoms removed from compartment i per unit 

-1 time by physiological mechanisms, day , 

the instantaneous fraction of atoms removed from compartment i per unit 

-1 time by radiological mechanisms, day , 

the instantaneous activity in compartment l at time t, Becquerels, 

the instantaneous activity excretion rate from compartment i at time t, 

-1 Becquerels day , 
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.: - -u 

fl -

q -
p -
x. -l 

t -
u -
um -
uf -
Q -
DC -

D 

~ -

~N -
~ -
c 

p"ON -

s. -.L 

the fraction of GI tract activit; entering blood, 

the instantaneous activity in the body, Becquerels, 

-1 
the atom ingestion rate, atoms day , 

the fraction of atoms entering blood deposited in compartment i, 

uptake interval, day, 

-1 
instantaneous urine activity concentration, Becquerels liter , 

-1 
male urine excretion rate, liters day 1 

-1 
female urine excretion rate, liters day , 

quality factor, 

disintegrations due to 90sr remaining in body following uptake inter-

val, Becquerel days, 

disintegrations due to 90sr in the body during uptake interval, 

Becquerel days, 

the dose equivalent to red marrow during uptake inter•1al, mrem, 

the dose equivalent to bone during uptake interval, mrem, 

the dose equivalent to red marrow post uptake, mrem, 

the dose equivalent to bone post uptake, mrem, 

the absorbed dose to red marrow ?er disintegration of 90 sr in cortical 

-1 
bone, rads dis , 

h b b d d d d . . . f 90s . t e a sor e ose to re marrow ?er isintegration o r in 

-1 trabecular bone, rads dis , 

the absorbed dose 

bone, rads dis -1 , 

the absorbed dose 

-1 bone, rads dis 1 

to red marrow ;:er disintegration 

to red marrow ?er disintegration 
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of 90y in 

of 90y in 

cortical 

trabecular 



- , - ::he absorbed dcse 
..j. 

rads dis 
-1 

' 
SS - the absorbed dose 

rads dis -1 

' 
s6 - the absorbed dose 

rads dis -1 

' 
s7 - the absorbed dose 

rads dis -l . 

EQUATIONS 

AP = 

to 

to 

to 

to 

dN. 
l 

dt 

bone ;:ie r disinteg:-ation 

bone ?er dis integration 

bone per disintegration 

bone per disintegration 

•-(A + K.) N. + P., 
l l l 

q. • AN., 
l l 

E. • K.~ . .\., 
l l l 

uu 
m 

27 

.., ~ 
~ .. 90sr ln corti:al 'oo".e , 

90Sr ln trabecular bone, 

of 90y ln cortical bone, 

of 90y Ln trabecular 'Jone, 

(l) 

(2) 

(3) 

( 4) 

( 5) 



, · Xl .. -(\+K,)t) 
q = f 

1 
AP L r:;K" \ 1-e j, + 

l 

x 
~ Cl-e-CA+K3)t)J' 

3 

( 6) 

fl A PX1 
Ct -

Cl-e -CA+K1) t) 
D • X+K

1 
A+K ) + 

1 . 

fl APX2 
Ct -

( 1-e -(A+K2 )t) 

X+K ) + 
A+K 

2 
.., 
4 

fl APX 3 
Ct -

Cl-e -O.+K3) t) 

A+K A+K ) ' 3 3 
(7) 

fl)..PX2 -('+K2)t 
--- (1-e A ) + 
(A+K2)2 

( 8) 

28 



( 

7 ( s, + s + s + s ), (9) H = 4.32 x 10 D Q 
~ . 2 3 4 

7 
+ 56 + S7 + S3), (10) 

~N = 4.32 x 10 D Q Cs 5 

~ 
7 • 4.32 x 10 DCQ (Sl + S2 + S3 + S4), ( 11) 

c 7 cs. HBN • 4.32 x 10 DCQ 
) 

Values for Constants 

Symbol 

f 
u 

Q 

Value 

2.27 x 10-2 d-l 

2.s x io-4 d-1 

0.73 

0.10 

0.17 

6.54 x 10-s d-l 

a.as 

o. 20 

-1 1.4 i d 

-1 
1. 0 i d 

1. 0 

29 

+ S6 + S7 + 58), (12) 

Reference 

W. s. Snyder, M. J. Cook and 

M. R. Ford, Health Physics, 

10, 171 (1964). 

II 

II 

II 

" 

II 

12th Edition, Chart of the 

Nuclides ( 1977). 

ICRP 10 (1967). 

ICRP 73/C2-34; ICRP 20 (1972). 

ICRP Reference ~n 

ICRP Reference Man 

NCRP 



~.,"J.:...i..!S :or C.::nsta.nts (Cvnt'J) 

Sv1:lco l Value Refarence 

sl 9.8 x 10-15 rads dis 
-1 

MIRD 11 

52 7.3 x 10-13 rads dis -1 
~1IRD ll 

s3 2.s 10-13 rads dis -1 
MIRD ll x 

s, 4. 3 x 10-12 rads dis -1 MIRD 11 
~ 

5. 
) 

6.3 x 10-lJ rads dis -1 MIRD 11 

56 4.1 x lo- 13 rads dis -1 MIRD 11 

57 3.0 x 10- 12 rads dis -1 MIRD 11 

58 1. 7 -12 x 10 - rads dis -1 MIRD 11 
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13 7 l37m 
Svmbols, constants and eouations used to calculate the Cs - 3a 

total body dose equivalent during :he uptake interval and tl1e committed dose 

eouivalent 

The following definitions, symbols, constants and equations describe the 

mathematical model used to calculate the dose equivalent and the committed dose 

equivalent. Intermediate steps can be used to determine urine activity concen-

trations or daily ingestion rates. The equations were developed with the 

assumption that the body burden as determined from whole body counting, would be 

the measured quantity from the bioassay program. Three intervals of 

monotonically increasing, but constant and continuous uptake throughout an 

interval were assumed. Consequently, the equations must be repeated 3 times in 

or:ier to obtain the total dose equi•1alent during the uptake interval. For 

137 ~ h k . 1 f f . 1...s, t e upta e interva corresponds to t:he number o days out o the resi.-

dence period that an individual maintained the proposed daily activity ingestion 

rate. 

Mathematical Model 

Symbols, Definitions and Units of Physical Quantities 
0 N .. 
l the number of atoms of species of concern present at time zero ln 

compartment i, atoms, 

Ni - the instantaneous number of atoms of species of concern present at time 

p. 
l 

K. 
l 

-

-

t 1n compart::ient l, atoms, 

-1 atom intake rate into compartment l from blood, atoms day , 

the instantaneous fraction of atoms removed from compartment l per unit 

time by physiological mechanisms, day- 1, 
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q. 
l 

E. 
l 

f 
u 

0 
q 

p 

t 

Q 

M 

D 

HRB 

~B 
X'. 

i 

s 

-
-

-

che instancaneous fraccion :t ~tcos removed frcm com?arc~e~t l per ~nit 

-1 
time by radiological mechanisms, day , 

the instantaneous activity in compartment Lat time t, Becquerels, 

the instantaneous activity excretion rate from c.ompartment i at time t, 

-1 Becquerels day , 

the fraction of body activity excreted in urine, 

the fraction of GI tract activity entering blood, 

the instantaneous activity in the body, Becquerels, 

the initial activity in the body, Becquerels, 

-1 the atom ingestion rate, atoms day , 

the fraction of atoms entering blood deposited in compartment 1 1 

uptake interval, day, 

quality factor, 

committed disintegrations due to 137cs remaining in body following 

uptake interval, Becquerel days, 

mass of individual, kg, 

disintegrations due to 137cs in the body during uptake interval, 

Becquerel days, 

the dose equivalent to the total 'ody during the upta~e interval, mRem, 

the dose equivalent to the total body post uptake interval, m.Rem, 

the fraction of radioactive atoms in the total body remaining in com-

partment i at the end of the uptake interval, 

the absorbed dose to the total body per disinteg=ation of 137cs- 137maa 

-1 
in the total body, rads dis , 
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( 

dNi 
-dt = (A.+K.)N. + P., 

l l l 

o -(A+K·)t Pi (l-e-().+Ki)t), N. • N. e l + ~ 
l l A+K. 

X! • 
l 

l 

q. •AN., 
l l 

E. • K.N.\. 
l l l l 

Xi · -(K·+).)t, 
(Ki+). ) l 1-e l J 

r xi , -CKi+A.)t) 
i ( K. +A ) l 1-e 

l 

D • 
APX1 f 1 ( t -

(Ae -(:\.+K1) t); 

K "'X Kl "'A 
) 

l 
+ 

APX
2

f
1 

Lt -
(1-e-(A.+Kz)t)) 

K
2

+A K ~·X 
2 
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I ,;) 

X.q -(A+K
1
)c 

De - _1_ (1-e ) + 
- Kl+,\ 

XI 0 
.., q ., K ) 
.. (l -~"+ ' ) -- -e -

K ~' ' 2. ,\ ( 8) 

7 
~ • 8.64 x 10 DQS , ( 9) 

(10) 
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.a -2 3 :or Co:ista:i:s 

Svt!lbo l Value Reference 

K 
l 

0.7 d-l rCRP 

K2 0.006 d-l ICRP :o 

x 1 0.15 ICRP 10 

x 
2 0. 85 !CRP 10 

X' 
1 0.002 Uptake interval >> 140 days 

X' 2 0.998 Uptake interval >> 140 days 

),. 6.3.3 x 10-5 d 
-1 

Nuclear data tables 

fl 1.0 ICRP 10 

Q 1.0 ICRP 26 

s 1.05 
-13 -1 

11 x 10 rads dis MIRD 

( 
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Table l 

. . . c . _ 90_ d 137c Pooled or Mean Urine Activity oncentration :or ~r an s 

90Sr 13 7 Cs 

Year of Urine Cone Urine Cone 
Collection pCi/ 2. nci/i Comment 

1970 1.2 0 .10 3640 ml - pooled 

1970 1. 3 0 .13 3365 ml - pooled 

1970 2.2 1100 ml - pooled 

1970 1. 9 930 ml - pooled 

1971 0.96 o. 22 3920 ml - pooled 

1971 0.89 0.20 2960 ml - pooled 

1971 1.2 o. 21 3300 ml - pooled 

1971 J.9 0.11 500 ml - pooled 

1972 4.2 0.91 2700 ml - pooled 

1973 6.7 1. 3 mean of 14 people 

1974 2.3 1.3 mean of 21 people 

1975 7.3 1.8 pooled 

1975 3. 1 1.3 pooled 

1976 5.3 2.2 mean of 25 people 

1977 3.9 7.7 mean of 4 people 

1978 6.1 14. mean of 35 people 

1979 ., ~ 

'". 0 1.J January, mean of 50 people 

1979 2.8 .87 Xay, mean of 40 people 

1980 NA NA August 

NA = Not Analyzed 
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(Al '>. 1 I. I 

(Al 'L~ i.6 

(Al LO 0.411 

(Al I. 'J U.40 

(A) 1.8 2.0 

(A) 

(A) 
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0l"dlt I<: J 

PRIVACY ACT MATERIAL REMOVED 

U1 ine Act111ity 1:u11crnl111ti.111" 101 •"•1mc1 AJull HJ le ll11<111i l11la11J llt.:aiJc11l11 

l 'JIO - I 'HIO 

1914 I 'J lb l'J11 I 'J /8 PJ1'J - J1111. - !~ 1'J -=- !!:!1 ... - ~ ·~~'! ::_ ~·~&;: ----- -- -- -· ---- ""- - ----- - .. -- -- . - - - -·· - ---·- --- -- -·--------
'JO Sa ll1 c .. 'JOSI llJ. 

l:11 'JO Sr IJJC11 'JOS1 I J/Ca 90Sr IJ1t:a 'JO St I J1 c~ 'JO 
til I JI i;, 

U1 iuc U1·i11c Ila 111c Ila 111e Ua· inc U1 inc lhint: Ila 1 m' Ua i11e Ua 111e Ila i 11.: lla I llC Ua iah.: U1 11u..: 

l'.011t.:. Cone. (;,1ut.: • Cunt:. Cone. Cunt.:. C1.•HL".. Cunt.:. Cu11e. t:uu-:. Cun.:. t:un..:. l:o1h.:. t:u1u .. 

l'I: ~ t ! 11Ci/l l'I:~! ~ ..... i:~!! ~!!! !~!!! ~~!! ~:~!!. l'~UL !~!/!_ l'i:i.!L _!~~I~ t_ 1.'.i: ! I! a.!:1 /t 

<II. 4 0.1,0 

2.4 0.1111 

l. I 1 J. ':I l HA 0.'.)8 

0.2 0.2 

8./1 ill. t 
2.11 0.4'.) 

I. J 1.0 Ill. I 1.0 t II t lb t 2.li t b. I 1 
II. L II. l l.b ti. 41 0. 111 0.14 

HA lb 
11.44 

PRIVACY ACT MATERIAL REMOVED 
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Talole 2 (Conl'J) 

1971 1914 1976 1911 1976 1919 - Jan. _1~19 - Hay _!980 -=-!~'. -------- ----- ---·--
90SJ 111c. gos .. ll1ca 905 ,. 111c. 90 6 .. 111c. 'IOSr IHCa 905( llJCa 90Sr 111c. gos,· I Hc.;

11 

Urine Urine U1ine Udne Udn.: Urine Udne Udne Udne U1ine Urine U1 ine Urine Udne U1ine U1 inc 
Cone. Cone. Cone, CtJUC. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID f pCi/1 uCi/1 f!'.i/1 nCi/_! pCi/_! 11Ci/l ££!1.1.. nCi/ 1 ~!.!!_ nCi/ 1 f£!l_!._ ~!L!_ ~ nC.u.!__ pCi / 1 !!Ci f ! 

6011 12 t NA 
l. 2 

6016 ).0 0.60 1.11 2.11 t 1.6 t w. 
0.6 0.2 0.91 

6069* HA 16 .t 1.2 t I. 2 .t 
0.44 l.2 .12 

6068 2.H 0. 29t 2.9 t 9.1 t 
0.2 0.06 1.6 O. ll 

b0b1 ).61 1.9 t 2.l t NA 0.)4.t ).2 t 0.)lt 2.0 1 

0.6 0.2 O. Jl 0.2S 0.10 0.9) 0.09 

6061 2.8t 1.0 .t 
0.4 0.2 

6011 6.2 0.90 12 t )J t 4.6 t 1.4 t 

2.1 0.61 2.0 0.1) 

6019 I.bl I. I t 10 t NA l. l t 2.1 t 
0.2 0.2 1.l 1.2 0.11 

11001 4 .Ill 2.9 t 
0.11 0.2 

12 l 6.'I t O.)Cit 4. I t 

l.:.! 0.4 0.01 0.21 
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lal>le 2 (Conl'J) 

1911 1974 1916 1917 I 'J 111 19/'J - ldn. _l~~~-~L- 19110 - A .... 
~---- -----·- --·------- --------- ---- ------~---·--- -- - -- -- ---- --------- - - -- - ·- -- w --

90Sr Ill Ca 90Sr ll7C• 90Sr Ill Ce 90Sr 111c. 90Sr 111c. 90Sr 111c. 90Sr 111c
8 

90 
Sr I JI C.:ll 

Urine Urine U1 iue Urine Uri ue Urine Urine Udne Ila ine Urine Urine U1 ine Urine Urine Ur inc Ur 111c 
Cone. Cone. Cone. Cone. Co1\c. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cunc .. Cuuc. 

ID I pCi/l nCi/! ~~Y! nCi/_! 1•C i I! ~£i/! pCi/ l nCiL!_ ~!!!_ 11Ci/_!__ f£U.!... . nGi[!_ ~L!... nCi/ !__ ff ~L! ~~!! 

6011 <0.2 l.S 

600S 2 .o 1 6.9 1 -l. 2 t l. l 1 
l. l 0. 26 16 0.01,') 

6008 S.'.11 l.1 t l. l t 6. l t 
l.4 0.2 0.62 0.2S 

6086 s.4 o.so 4.6 l.2 5.H 0.9 t 9.4 t 16 t o. 11 t 2.9 t 5 .9 t 2. I 1 

0.4 0.2 l.6 0.40 o.s2 0.11 l. l 0.095 

6071* KA 16 t 0.'))t 4.S t 
0.44 l.O 0.21 

6076 I. 2 t I. 2 1 0.9ll 18 t 0.111 6.2 
0.2 0.2 2.0 0.4} 0.80 0.2') 

6012* 2.S o.so HA 16 t 
0.1,4 

81) NA 7.8 2 .s t 2.9 t 

l.O 0.11 

6118 l.8 t NA l.4 t l.5 t 0.671 0.46 t 

0. 70 O.S9 0.085 I. I 0.076 

6126 4. lt ). z t 6. l t I l t 

0.4 0.2 2.6 o.u 



Table 2 (Cont'd) 

1973 1914 19 /(, 1911 I 'J 10 l'J79 - Jon. -~l.L: _ _!!~_ _ 19UO __:__~~.IL _ --·-----· . -·- --------·-- --------- ----- ----·---- --
'JO Sr ll1Ca 90S1· ll1 Ca 90Sr 111c. 90Sr 111c. 90Sr Ill..:. 'JO Sr ll7 Ce 90Sc l37c. 905,. ll1Cs 

lie ine Urine Urine Urine U• ine Urine Urine Urine Urine Urine Urine llr i ne Urine Urine Ur int Unne 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Couc. Coue. Cone. l:oue. Cone. Con<·. 

JD ' 
pCi I! nCi/l pCi/l nCi/ l f.£!./ l nCi/ l ~ill nCi/l ££!!!._ nCi/ !_ pCi/t nCi/ !._ ~- -.!!£~LL ~~!...& nC!f.! 

600) 9.8 t 11 t 
1.9 0.41 

6111 4.lt 1.9 t <0.62 NA 8.4 t NA 1.4 t 4.l t 1.2 t 2.1 t 
0.4 0.2 1.0 O.:H 0.21 1.1 0.16 

6128 l.lt 2.7 t 4.2 t NA 21.0 t ).1. t O.l1t I.) t 
0.4 0.2 2.0 6.0 0.2) 0.41 0.1) 

612S 4 .1 t 8.l I. 2 t NA -0.4 t 1.1 1 
I.) 0.64 1.4 0.0)9 

6007 4.8 t 10 t I. 2 t 1.4 t 
I. I 0.12 0.69 0.12 

0.04t 8.0 t 
0.68 0.29 

6066 I.) t 1.l t 
II 0.16 

864 I) t s.1 t NA 12 
1.4 0.2 

966 6.8t - 6.6 t 16 
0.6 1.8 

611) 2.4 t HA 
0.88 

r"'-



.... 

,,.,.. 

1911 ---------
90Sr IHC• 

Urine 
Cone. 

~_!. __ pCi/l 

Urine 
Cone. 
nCi/l 

6096 

C.001 

6161 2.2 0.60 

6166 

6184 

C.210 

6190 

6205 

6211 

6218 

6219 

1974 I ':I 16 ---·--·-------· ------··---
9USr ll1 Ca 90Sr 111c. 

Urine Urine Udue Urine 
Cone. Cone. Cone. Cone. 
pCi/l nci/l £.£![~ !!~!/ l 

l. It 0.9 t 
0.2 0.2 

l.2 I. 7 2.0t l.o 1 
0.2 0.2 

T•ble 1 (Cuut'J) 

1971 I ':I 78 ----------- -------
90Sr lH Ca 90Sr 111c. 

Urine Urine Urine U1ine 
Cone. Cone. Cone. Cone. 
f£!L!_ 11Ci/!_ ££!.!!_ nCi{!_ 

4.) t 6.1 t 
1.6 0.25 

I. I t NA 
o. 19 

l'J79 - J.rn. -~~- _!2~:.~!li: --------
90Sr ll7C• 90Sc Ill Co 'IUS1 I 17 LIO 

Urine Urine Urine If& i ne Urine lh ine 
Cone. Cone. Cone. Cone. Cone. Cone. 
~ii!_ -~!l!_ pCi/!_ ~i/!_ ~~!~ nCi/l 

0 t 4.0 1 1.1 t 2. I t 

0.12 0.20 l. l 0.15 

0.86t 0.}) t 
0.40 0.030 . 
U.29t ND O.l':ll tm 
o. 52 0.9 

0.22t O. IO 1 2.8 t 0.099t 
O.Sl 0.049 ).0 0.011 

0 t 1.4 t 

l.95 0.12 

0.4 t ND 
1.6 

l. 5 t NU 
5.) 

0.9 t NU 
2. 5 

).8 t NU 
5.4 



'l'able 2 (Cont 'J) 

1911 1914 1976 I ~11 l ~/ti ------- ----~---- --- ---·----
90Sr 131 Ca 90Sr Ill Ca 90Sr Ill Ca 90 sr Ill Ca 90Sa ll7Ca 

Urine Urine Udne Urine Urine Urine Urine Udne Urine Udne 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

JD ' 
pCi/ ! nCi/ l l'Ci/ l nCi/ l f_£i / l nCi/ l pCi/ l nCi/ !_ ~L!_ !'c i / l _ 

6220 

6221 

6116 

6138 

6Ul ' 
6168 

6180 

6182 

80 

laaw NA l. l 

Steve llA 7.8 

,,-... 

1979 ....... ----------
90Sr 

Urine 
Cone. 
~i/l 

2 .9 t 
1.6 

0.2~t 

0.47 

0 t 
1.6 

l. l i 
O.H 

O.l6t 
0.19 

111c. 

Urine 
Cone. 

_ uCi/ l 

0.079 
0. 04} 

2.6 i 

0.66 

0.11 i 
0.041 

0.16 t 
0.041 

l.2 i 

0.19 

19/') - "~-- _! '.16~-- ~ll: __ 

90Sr 111c. 911Sr i11c. 

Urine Urine Urine Urine 
Cone. Cone. Cone. Con.:. 

~U_!_ nCi/ !_ £!!i I! uCif_! 

0.2H NO 
l. l 

-.06 ND 
1.0 

-0.06t ND 
1.6 

l. 1 ! IUI 
~.6 

12 t HD 
l. l 



,--.., 

'fat.le 2 (Conl 'J) 

l'.173 1974 1971; 1977 1918 197'1 - Jau. . __!2I~~':!L_ - _!_ 980 -=...!~Ii .. ------- -- ------- -------- ---------
90Sr 117 c. 90Sr 111 C.1 'JO Sr 111 Ca 90

sr Ill Ce 90Sr ll/Ca 90Sr 117 Ca 90Sr 111ca 90Sr I JI Ca 

Urine u. ine Urine Urine Urine Urine Urine Urine Urine Ur int! U1 ine U1 ine Ur iue Ul ine Uc inc U1 J11t• 

Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. c,,~u·. 

ID I pCi/!:_ nCi/l fCi/l nCi/1 tCiL~ nCi/ l .e£i/l uc~L_!__ Ci/ l f _____ nC!f !_ (>Ci/l _ nci / l _ pCi/! _ ~!L! __ r~!L! 11C1 / l 

6004• NA 16 t 

0.44 

Sa•ple Si&e 9 9 8 8 19 18 4 1 21 11 24 22 22 12 

Hean 5.1 1.2 2.2 0.96 5.0 2.5 ].9 1.1 6.1 IS 1.0 l.l 1.9 1.4 

SLnJ Dev 2.s 0.84 1. 5 0.47 J.5 1.1 :Z.5 5.5 5.4 7.1 0.95 2.2 2.9 0.14 

Low 1.9 0.4 0.2 o.5 I. I 0.29 .62 0.58 0.9) 5.1 0 0.10 -1.2 0.099 

Iii gb 8.9 2.6 4.6 1.1 I] 5.1 6.6 16 2l l1 l.l 6.l 12 2.1 



PRIVACY ACT MATERIAL REMOVED 

T•hle l 

Urlne Activity Co11<enl1•lion• for ~01•"' AJull t·c•alt: llikioi l•l•ud 11.:aiJ.:nle 

1911 - 19110 

1911 1914 1916 1918 .J..!19 - J.n. _l!!L:.~ 1980 - Aul· 

9o5 .- IHC• '°s.- 1)7 c. '°s.- 117 C1 905 .. ll7C1 905 .. ll1C• 90s.- 111c. 90 5.- 111c. 

Urine Udne Urine Urine Udne Udne Urine Urine Urine Urine Urine Urine Urine Ucine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

10 ' pCi/l nCi/l pCi/l nCi/l pCi/l nCl/l ~!1.! nCi/l 2fi/l nCi/ _! pCi/l _ nCi [!__ ~i/l nCi/! 

11.6 2.1 l.8 l.2 

4.8 I. 2 

<0.1 1.0 

2.l t 1.4 t 
0.4 0.2 

9.6 t 1.4 t 
1.0 0.2 

604~ l.6t 11 l 
1.9 0.42 

6112 ).9t 18 l 0.082t 6.~ l 2., t I. 1 l 
2.0 0.42 0.89 O. ll I. I 0.016 

6114 6.0t NA I. I 0.11 
2.1 0.69 0.09, 

6111 l.91 19 l O. l9 t 4.9 t 
l.4 0.'.10 I.) o.u 

PRIVACY ACT MATERIAL REMOVED 



,,..-_ 

Tai> le l (Cont 'J) 

1911 1914 1916 1918 1'11'l - Jdn. _!~'} - ttuy _!_~~-~Ii:__ --------- -------- --- - -----~----- --~----- -- -- - ---·--
90Sr 111c. 90Sr 111c. 90Sr ll1Ca 90Sr 111c. 905.- 111c. 90Sr llJCa 90 51. l.Jl Ca 

Urine Udne Utine Urine Ucine Urine Urine Udne Udne Urine Urine U1ine U1 i ne Ucine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

___!!!._I __ 2£i/l nCi/l f£!/l nC!..L!_ f£!!! nCU! ~ill nC!f_! f.!'..~l! ncy!_ ~1.!__ nCi!.!_ f!'._i/1 nCU! 

6122 l.81 8.!H 0 t l.} 1 1.8 1 0.66 1 
2.4 0.40 O.'.i4 0.12 l.4 0.089 

6123 }.8 1 s.o t 
2.l O.ll 

60S9 4.81 1.61 
2.2 0.29 

6061 I. s t l.6 t 
0.4 0.2 

6012* 2.0t 16 t 0 1 2.8 t 1. ') 1 0.61 t 
.91 0.44 0. SI 0.11 ).4 0.069 

618S 0. 261 0 .0116 t 
0.'}') O.Ol'i 

6108 1.6 t 0.9 t 4.St 1.0l 2.) t 4.8 t 

1.8 0.2 2.9 0. 21 0. 6'J 0.21 

6206 -0.061 ND 

l. 2 

611) 2.0t 6. 71 4.S t 2.6 t 0.8 1 O.S7 t 

1.2 0.26 s ·'• 0.18 I.II 0.081 

606S ll t ).61 2.4 t 2.8 t 
2.0 0.19 2.4 0.21 



'fable l (Cont'd) 

1911 1971, 1916 1916 I '.119 .Ian. ____!_!~~ - Hay l'J80 - Aull:_ ---------- ------- ------ ------
90Sr ll7 C• 90Sr 111c. 90Sr 111 c. 90Sr 1)1(;• 90Sr lllC• 90Sr Ill ca 90Sr 111 Cs 

Urine Udne Urine Utine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I pCi/1 nCi/1 pCi/1 nCi/ 1 pCi/ l nCi/1 pCi/ 1 nCi/ l ~i/l nCi/ l pCi/!_ nCi/l ~L! nC~.1_! 

6091* NA 16 t O.Jll t O.ll 0.811 0.8) t 
0.44 0.98 0.064 I. I 0.091 

6109* NA 16 t I. 9 t O. ll t 

O.t,4 1.l 0.04) 

601,6 S.6t I} t l. 9 t 0.11 t 
1.2 o. )1 1.l 0.04) 

6098 0.11 1 0.691 
0.69 0.20 

6060 I. 2 t 1.1 t 1.9 t 0. )9 t 
0.82 o.w 1.4 0.08) 

6222 0. 'll! t NU 
I.) 

6110 4.4 1 0.61 t 
1.8 0.088 

S2S 2.21 HA ). 1 t 0.11 t 
0.82 1.6 O.OS9 

6064* HA 16 i 0.91 t 2.0 t 2.1 t 1.8 t 
0.44 0.4'.> 0.066 0.91 0.088 

6061 4.6t 14 t 
0.91 o. 18 

.r--· 



,.-.. .. --,, 
~ 

Table J (Cont 'J) 

1911 1974 1976 19711 1919 - J.11. _ _!2?1-=-~ __ 1980 _:_~.'.,!£:__ ------·---- ------- -------- --------
'JO Sr 117 Ca 90Sr IJ7Ca 90 5,. ll7 c. 90Sr 111c, 90Sr 111 Ca 90Sc 111c, 90Sr I H t:a 

Urine Urine Udue Ul'ine Udne Urine Urine U1ine Urine Urine U1 ine Urine Urine Udne 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I pCi/ l nCi/ l pCi/ ! uCi!._! rci/ l nCi/ l pCi/ l nt:!l! ~ill nCi / l ~{!_ nCi/ !_ ~!._! 11C!£! ------
605l 0.99.t 0.201 

0.84 0.0)4 

914 5.4 t NA 8. 2 .t NA 2.6 1 2. I t 
0.4 1.4 l.S 0.16 

6062 10 1 1.5 .t 
4. l O. IJ 

6015 9.9.t l4 1 4.l 1 2. 7 t 
2.0 0.11 2.9 O. ll 

6115 5.1 t l.2 t 6.0t 10 t 0.61 t 4.2 t 
o.a 0.2 2.l O.ll 1.0 0.21 

6014* HA 16 i 1.1 t 0. 57 t 

0.44 1.6 0.08.L 

865 4.0 t 1.4 1 l.4 t o. 71 t 
0.4 0.2 I. I 0.059 

61116* NA 16 t 
0.44 

6l11 o. 11 1 0.)bl 
0.87 0.11 

6119 I. l t Nll 
12.} 



Tai.de l (Cont'd) 

1911 1974 1976 1978 1•J79 - Jan. _!979 -- Hay _!'J80~1t: ___ ------ ---------- ------ ·----- ----------
90Sr IHC• 90Sr inc. 90Sr Ille. 90Sr Ille• 90Sr u1c. 90Sr u1c. 90Sr 111c. 

Urine Urine Urine Urine Urine Urine Udne Urine U1ine Urine Urine Urine Urine Urine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cc.one. Cone. Cone. Cone. Cone. Cone. 

ID I 2£Wr nCi/ l pCi/ t nCi/ _! l£!1i nCi/_! f£!Lj nCi/ t J?Ei/ 1 nCi/ l ~i/.L 11Ci/ & r£~L& nCi/ I. 

6140 S.1 t 0.11 t 
6.9 O. ll 

6144 0.82 t O. llt 
0. 76 0.0)0 

6148 O.llt 0.111 0.22 t 0.10 t 
0.11 O.OSl 0.98 o.oso 

61Sl l. l t 0.96t l.7 1 l .9 t 
l. s O. ll l.O 0.091 

6U2 2. l t ND -0.JS ND 
2.S l.2 

61SS l.4 t O.SOt l. 7 t 2.S t l.9 t 0.82 t 
0.6 0.10 o. 7l 0.16 1.2 0.94 

~ 

61S9 2.4 t l.2 t O. l 7 t O. llt 0 t O.OS9t 
0.2 0.2 0.21 0.022 l.H 0.027 

6160 S.1 t 2 .8 t 0.27t D.ll t 

0.9S O. l1 0.81 0.066 

6163 O. l8t 0.161 
0.42 O.OS4 

616S 0.8St O.OJH 
0.89 0.011 

/"""' 
;.--., 



~' 

Table } (Cont'd) 

1911 1914 1976 I '.I 711 PIM - J1111. __!_ ~ ~ L::. !!!!! - -! ~80 ___:_ ~·~ '.__ ------------ - - -- ---- - - -· - ---------- --·----- -- -· ---- - --- -
<JO Sr 111 Ce 90Sr I He,. 911Sr IJ7C

8 'JO Sr IHt:a 'Jll :;, 1 li Ce 'JOS• !Hee 905, Ill ca 
U.-i ne Ua inu Urine U1-i11c Urine Ua ine Urine Ucine Ur inc Ua ine Urine Urine U1ine Uaine 
Cone, C<11tc. Cone. Cu11c. Cone. Cone. Cone. Cone. Coni:. Cone. Cone. Cone. Cone. Cone. 

JO ' pCi/! nCi/l pCi/! nCi{! fCi/!_ !!_Ci/_! ------ l'~!.!_! oCi/! pCi/l nCi!__! f~i/t nC~!_!_ ~it! !!.~U! 

6161 0.02t 0.081t I.~ t HO 
O.H O.OI,) I. 2 

6lH 2.1 t NO 
l.4 

6181 8.2 t HO 
11. l 

Sa .. ple Size 2 2 l 2 9 8 16 18 28 26 21 21 

""•" 8.2 1.1 l.8 2. l 6.0 1. s S.l 11 1.6 2.l 2.4 o. 74 

StnJ. Dev. 4.8 0.64 - J.6 S.2 0.19 l.O 4.6 1. 7 1.9 2.6 0.61 

I.ow 4.8 1.2 - l.0 l.S o.~o 2.0 l.6 0 .01) -0.)~ 0.046 

ll i gh ll.6 2.1 - l.2 9.6 ).2 I) 19 S.1 6.S 10 2. l 



'l'ol>le 4 

Udne Activily Lo11.:c11ln1Lio111t (01 •·u111w1· AJole11Lc11l ReaiJ,·uLa ut llillini Atoll 

1978, 1979, anJ l'.180 

!978 Jan. 1979 ____ _!!~I__.!_97'.I ______ ---"~g~~~-_! ~~I!_ ____ - --------·· 

90Sr ll1C
8 90Sr 111c. 90 sr ll7Ca 90Sr 1)7C

8 

ID I Sex ~UL ~!.Ll_ --~L!.- -~!!.! __ --~U! __ ~yt_ _ pCi/!__ ~!!. __ ------
6127 H 1.H0.54 NA 2.2 t0.17 0.6610.017 1.4 t l.'j 0.28t0.066 

6112 H II 12 .4 JO t • 55 

6011 H 29 t 1.1 18 t0.41 1l t l. 9 0.53t0.08J 

6065 H l.O t l.2 0.18t0.052 

6169 H 0.18t 0.% NII 

6118 H t.l t I.] ND 

618) H 4.4 t 5.0 HO 

6200 H 4.6 t 1.5 t.l 10.ll 

6111* H NA 16 t0.44 l.'J t 1.2 0.7910.0'J'j 

6207 H -1.0tl8 till 

Sa•plc Sixe ] ] I I 'J 5 

Hean 14 21 2.2 0.66 '). 5 0.58 

StnJ. Dev. 14 1.6 - - II o. )8 

I.ow 1.1 16 - - -1.0 0.18 

/'""""' 
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Table S 

Urine Activity Concentrations for Former Children 

Residents of Bikini Atoll - 1979, 1980 

~av 1979 August 1980 

90Sr 137 Cs 

ID ¥~ Sex oci/t nCi/t 

617: M 3.9 ± l. s N.D. 

6156 M 2.7 ± 1.3 N.D. 

6009 M 6.8 :!: 3.8 0 .15 ±0.052 

6012 M 11 :!: 3.4 0.31 ±0.060 

6014 M 3.5 ::: 2.2 0.093!0.030 

6043 M 22 ±23 N.O. 

6202 M 6.8 :: 9.4 0.071!0.049 

6208 M -.43:: Ll N.D. 

Sample Size 8 4 

Mean 7.0 0.16 

Stnd. Dev. 6.9 0.11 

Low -0.43 0.071 

High 22 0.31 

6203 F -.32±15 N.D. 

5204 F -.22:!: 1. 7 1.0 :!:O .11 

6213 F -.15± l.8 ~.D. 

6217 F -.08± 3.7 N.D. 

Sample Size 4 1 

~ean -o .19 1.0 

( 



Table 5 (Cont'd) 

~av 19i9 August ~?80 

90Sr 137 Cs 

!D :.~ Sex i:iC i./ Q, nci/2 

Stnd. Dev. .10 

Low -0.33 

High -0.08 

(, 



Ill I 

Ho ID 

bl ')•J 

1111 

t.11.b 

61:t':i 

Ho 111 

'Jbb 

blC.1 

llt.4 

Hu Ill 

Ho Ill 

t.llil 

Hu Ill 

'J 14 

blll 

,-. 

PRIVACY ACT MATER/AL REMOVED 

........ c b 

T.-an•ul",.nic 111 in" A.:th1iLy Co11..:c11L1"..tio11• "l Uil<i11i Aloll ll"11iJc11L11: l'J]':i-l'JH 

t:HI. Ult. 
·~11. t:t11. t:tll. l'H':i I 'Jib 

l'J/O l'Jll 1914 ...... S~ci,,g 
2'\'Jp .. 2l'J1•u 2'\'Jl'u 2'\91 ... 

2 """ 
H11auc .!f!.l! Ii:![! .!Cif ! !!J.l! ~UL ---------

t.O 

IO 

Ill 

10 

lO 

9 

lO 

4 

211 

-

Etll. Hll\11. UtAO. 
I 'J /11 I 'JJ1 l'HJ 
tJ 11 S~r iug S~1 iog 
2H1 ... 19, ... 2 91'11 

_JL!/!._ _ ri:1 / ~- _ _1!2lf!__ 

. n 10. n 0.4R 10.4'> 

• 11 JO. ':iJ 0.48 10.4':i 

-.01 JO.f>I, -0.':iO 1 .n 

O. 1l tO. ')) 0.48 10.4') 

b.H l.4 l .02 10. 61 o. ')l 1.11.41 

11.11111.':i} 0.48 10.4') 

PRIVACY ACT MATERIAL REMOVED 

l.ASI. 
l'H1 
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2 91 ... 

~~!! 
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dll 
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<Ill 
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I" l Zl "O oz ·o 6l"O <JA"O 11'1"0 l Z "O i; 10"0 II "II n·o 1'119 

r; • ., .,. z '7" I l"l I .• '1 6"Z r; • z (1'111" II 61 "0 l" 7. c.r.119 

A"( l • z r;r. ·o (l(,"0 11 ·z O"l o·r; OlO"ll I "I l"9 Ol119 

z • l 0 Cl "II l'1"0 .,r;·o g·r; r;·., 7.i;o·o l'T"O z·r; l9119 

l"[ '11"0 zz ·o ., . , 16"0 .,. l r;·1 rro·o <Jl ·o o·z '7909 

'Ill" I 'lff"O l'T"O l'1"0 l" I r;·z Z" I 01 ·o 6'1"0 l. l 0'1119 

r. t "I) I l "U- r;.,·o tr; ·o 7.110. ll"fi o·z '7QIJ •II ,, . z r;·9 Zll9 

ff"f, oc ·o- r;·r; r; • z c;·1 l"C 1'1"0 Zllll" o l"t C. I 'l'lll<J 

Ill ·o '111"0- LI "O r;q·o l7. ·o ri·n ZI ·o 7. IO"ll 61.11" II 111·0 tr; 

l "., A'7"0 or ·o 9"1 .,., ... ., I" l r'7o"o II" I r;. [ All9 

7.6"0 fd ·o- Z I "O o·o LI ·o 'II "O '790"11 I IO"ll 6111 "0 1.1·0 r.i; '" 
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Tab~e 3 

Summary of System '::fficiency and :-IDLS for :"ield WBC System 

Nuclide Ener~·" Efficienc•1 ~L Time 

137Cs 662 KeV 8.7 x 10-3 37 Bq (l nCi) 900 sec 

60Co 1173 & 
10-3 1334 KeV 6.7 x 37 Bq (1 nCi) 900 sec 

40K 1460 KeV 7.0 x 10-3 222 Bq (6 nCi) 900 sec 

( 
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Expected 

Obse!"Ved 

Expected 

Observed 

Expected 

Observed 

Tab le 14 

Comparison of Observed 
Versus ~xoecced Reduction Factors 

.~ 
ir of 

Description Persons 

Reduction Factor for Adult Xales 
(1) 

NA 

Reduction Factor for Adule Bikini Xales 17 

Reduction Factor for Adult Females 
(2) 

NA 

Reduction Factor for Adult Bikini Females 16 

Reduction Factor for Children Ages 5-14( 2 ) ~A 

Reduction Factor for Children Ages 5-14 12 

NA = Data Not Available 

~ean ~educ:ion 

Factor 

2. 4 

2.3 

3.5 

3.8 

5.9 

12. 

(1) Effective half time obtained from ICRP Publication lOA (ICRP 71). 

(2) Effective half time obtained from NCRP Report 52 (NCRP 77). 



..... 

.. 

• > 
i 
:J = 
-1 
~! 

-1111 
'o:I 

" ~ .. 
Q 

... 
I 
0 

• .,., 
.., 

....... 
I I 
0 0 

N 

' 0 

• c .., 

0 = ....... -....... .., 

c z 

• I~ 
~·4-.... ~ . 

.., ..0 - . c 

... 
..0 

0 

"' "' "' ..... .... ..... 
....... ....... ....... 
.., 4 ... 
N N N 
....... ....... ....... 

... .., 
I I 
0 c: c 
• .z "' 

N C: 

... .., N 
I I I 
0 0 c:: - -. ... ... .., "' 
4 '° ..... 

"' "' "' ............. 
..................... 

N N 
N N N 
..................... 

""' 

0 

'° 
c: c: 
'° 

c z 

-I 
0 

• ..0 

c z 

.., 
I 
0 -• .., 
.... 

e "5 ,., ....... 
....... ,., 
....... ....... 
c 

... 
I 

0 .. ..... 

... 
I 
0 

• ..... 

.., .., 
I I 
0 :::i 

• • ........ 

-I 
0 

N 
I 
0 -• 
"' ... 

Q = ....... 
0 .., 
....... ..... 

.., 
I 
0 -• ... 
.,.; 

... 

.., 
I 
0 

• 0 

I I 
0 0 

.., .., 
I ' 0 Q. 

.., .., 
I I 
0 0 

• • 
..0 '° 
..0 ..... 

.., 
I 
Q 

• .., 

.., 
I 
0 

• .., 

N N 
I I 
0 0 

• • C N 

N N 

Q 

0 = 
c -....... - ... 
....... -c .... 

.., .., 
I I 
0 0 

• • ... .., 
.... '° 

......... 
I I I 
0 0 0 

• 0 • .. 4 .... 
Q 4 C °'"' "' "' N C 

"' Q "' QJllOl.,=:c' = ....... = .............. ....... <.cl ........ ,.... .., .., 
....... ...... ...... ....... ....... 
~ .,., ~ ....... ~ 

=-.... 0 0 0 
...... :IQ = = 
-.&: ...... ....... ........ ... .,., ... 
...... ' ............. 
.,.,<C:O:O 

... .., N .., 

.., 
I 
0 

.., 
I 
0 

• c 

e .. 
N 

.... 
I 
0 .. 
0 

'° 

.., .., .., 
I I I 
0 0 0 -. .. .. 
c ~ ~ 

... ... 
I I 
Q 0 . .. "' .., 
'° ""' 

0 :::i 
c = - ....... -.., .., 
....... -.... .... 

N 
I 
0 

.... .. 0 "' .... ...; 

.., 
I 
0 

.... 

c ... 
0 

"' "' "' "' "' "' "' ,.... ,.... ,..., ,...,. ,...,, ,.... ,.... ~ ~ ~ ~ ~ ~ ~ ~ 
....... ...... ....... ........ ....... ....... ....... 
~ l'9"'I .-, ,_.., N ~ 

NC""'llNNNN 
....... ................................... ....... 
"' "' 

-.... 
0 
..0 

....... ........................................ ......_ 
~ ..t'\ ~ ~ N ~ N ~ 
N N N C""'ll N N 
........ ......................................... ....... 

"' "" 

.... 
0 
0 

'° 

c: 
""' 

< z 

c z 

.., 
'o 

• .., 
.... 

.., 
I 
0 

• c 
N 

:::i = -... 
....... .... 

.... 
N 
e 

,. 
\ 



< < 
.0: I z: z: 

-::1 
I 
I 

w~l < < 
z: z 

I 

""" ., 
... ,..., .... .... ..., 
c: 

! 
I I I I 

Q 0 0 0 Q 
C.J - < < < < < 

Ill: I • • z: • z z z z • .,, Q ..., Q 

• 
" I .. '° '° '° • :z: 
... -= !'"' ., 
< • 0 

~ .... -.. ... ii~ • .... -.. ! -· 
~l 

""" 

~I 
., 

.. ! Q 

iS 
OQ ... ..... 

5 
... , ..... 
~1 - ,.., 

C.J !! ..... ..... - OQ ... 
.... !I .. ~I -.:I 81 .... ,.., .... .., ,.., ,.., ,.., .. I I I I I I I ... ~~ Q Q Q Q Q Q Q 

" .... -;;; ..l -... ... C.J .... .. • .. • Q " .. ., .., ~ Q "' .... ..:r ..:r :z: "' 0 

"' "' N ... -r "' ..... '° .. 
>I 

]! I ,. 0 0 ::- ,. Q "' -1 I .... .., = 0 ~ 
.... ,.... = .... ..,, ..... ..... ..... z: ..... ..... ..... ..... 

'" 
_, ... ..... ..... .;::: .Q .Q 

"'' "' .... ..:r ..:r ..., 
-~ .:! ..... ..... ..... ..... ..... ..... ..... ..... ..... .... ... ... OQ OQ ,,... .... .... .... 

-~1 
... ~l ~--' 

.... .... ..., 
"' I 

I "" I I .... Q 

::: l 2 I 2 0 I .... 
~1 

... Q Q 

i 
Q " ,.., 

"' "' " 
,. 

" Q 
0 N Q .. OQ ..:r IC N 

:Pt ..:r N 

'° "' "' N ,.., 

~1 "' "' "' "' "' "' "' ~ "' .... - ... ... ... ... ,... -..... ..... ..... ..... ..... ..... ..... --.... "' .... ..:r .... "' N "' N N N N N N - ..... -..... ..... ..... ..... ..... -I .... .... .... .... 

-r 2 0 ,.., 
'° 

,.., Oii 0 N 

~! = "' .... .... "' '° = = .... N N - -
'° '° '° '° '° '° '° '° '° 



--

: ... 
c 
Q 
u 

.. -..; 
< 
u 

~I .. 
" ::IC .. 
Q ... 
• ... 
; ... .... . 
c 
0 

41 u 
.:I • ... u ... 

" • 

~ j •• .,,, ,,. 
! 

I 
... 
I 
0 - -1111 " .,, -: 

I ,... 

I 
... , 
0 - -1111 .. 

"'I: 

• 11, 
':..l ·-I 

..... ~i • 
~ :.I 1-"'1 

- I ... 

=" ... 
Uf" -· "' Cl 
Cll " 

I "' 

.., 
I 
0 .. .... 

... 
I 
0 -.. .... 
...; 

.., 
I 
0 

... 
I 
0 -

... .., 
I I 
0 0 

... .., 
I I 
0 0 .. . °' .... 

.., 
I 
0 .. 

... 
I 
0 -.. 
'° Cl 

.... 

...... 
I I 
Q 0 -. .. 
0 
...; 

< z 

.., 
' .. ..... 

.., 
I 
Q 

0 0 Q = = = ..... --- -.., .., .... 
.......... -............ 

.., 
I 
0 .. .... 
0 

'° 

N 
I 
0 -.. - .... '° .. ... ....... -

N ...; 

N ... ... 
4 

.... .... ...., 
"' "' ...., 

... 
N 

'° 

,., ... ... ,.. 
c 

'° 

.., 
I 
Q 

... 
I 
0 

IC 

a. 

... 
I 
0 

IC 

°' .D 

Q = ..... ... ..... 
Cl 

0 .... 

... 
I 
0 .. ... 

,.., 
I 
Q 

.... 
I 
0 -• Cl 

.... 

N 
I 
Q 

IC ... 

... ...., 
I I 
0 0 -.... ... .., 

0 0 
Cl OD .......... - -,.., ,.., ..... ..... ........ 

- ca • '° 0 Q 

aa 

°' "" Q - -
XI - " ...... '° 0 ,.. 
..... ...... ...... 
:a "' .... 

0 

'° :::i 

.... °' °' 0 Q 

'° '° 

.., 
I 
0 -.. .... 

... 
I 
0 .. ... ... 

'° .., 

.., 
I 
0 -.. ... 

... 
I 
0 .. 
0 

0 = ..... -.., ..... .... 

,.., 
I 
0 

IC 
a; 

°' 

,., 
I 
0 .. .... 
.... 

.., , 
0 -.. 
°' .... 

...., 
I 
0 

,.., 
I 
0 .. 
"' .... 

... 
I 
Q 

N 
I 
Q 

0 = .... -,.., ..... .... 

...... 
I I 
0 0 

°' -v"\ Ill • N 
Q ~ _, N 

a; 

°' 0 .... ::a .......... - °' :::i .... 
cc ..... ..... .., 

...., -7 
............................. 
.... c "' 

0 

-'° 

N N 
.... -7 

< z 

.., , 
Q .. 
~ 

.... 
< z 

- ...... 
I I I 
0 0 0 

"' 0 

'° 

.., 
I 
:::i 

.., 
I 
0 

IC 

'° 
°' 

.., 
I 
0 

• ... 
a. 

... 
I 
0 

,.., 
I 
0 

.., 
I 
0 

• .., 
.... 

( 



.... .., 
I 

0 0 
- I 

:.c '~! .! 
,. 

Q 

"" ~ 

~ < ~ < ~ < < ~ z z z z 

.... .., 
I I 
Q Q 

~I .. .. 
~ ~ ~ 

"" c 

--~ .. 
c .... .., .., .., .... ... .., .., .., .., .... 
~ I I I I I I I I I I I 

(.J 0 0 Q 0 0 c Q 0 0 0 0 - - -w I ,. .. .. .. .. "' "' .. .. "" .. 

il 
~ - .... "' ~ .... - c ""' ~ ""' ""' 

"" .. c '° ... .;.. .. c = ... 

~l _, 
l~ 

N .., .., 
""' 

.., .., .., 
:1 I I l I I I I 

< • Q 0 0 c 0 0 Q 
(.J ·-· ,.. 
~ "' .. .. • ,. .. .. .. .. ..... ... .., 

"' ""' "" 0 = ,., 
• I .,.; .. .... ... N ,,.. ... ""' -
" .: I 

-- ii ~ I Q 0 c c 0 = 0 = 0 0 Q .. 
~1 !I ....... = ....... = ...... c = = = - - - ...... -~ ~1 

.., .... .., - ,... - N ... 
(,J --- - ....... -...... -I ,.. c ,... = .... c c = 
"' !I 

" " • .::I a 
.., .., .., .... .., .... .... .., 

• I I I .... I I I I I I .... (.J • °' Q c I 0 Q Q Q 0 0 
(.J ·-1 ,.. .... "' ~ Q - -.. - "' Q "" "' .. - "' IC .. .. .. .. ... :: 1 Q 0 Q Q ... "" .. °' = Q ... "" ""' :1 

.., 
"" ""' I c .., 

"' ""' 
.., 

., 

11 I =" ~ ~ ~ ~ ::: ~ °' °' ~ ~ ~ ~ ... - ,... ... ,... - ,.. ,.. - ,.. ,... 
~I ...... - ....... ....... ....... ....... -- ...... ...... ----· ,Q ,Q ,... ..... ,Q "" - "" ~, 
.,, 
.: I ....... ...... - -- ...... ...... ...... ...... - ...... ....... ...... ·- "' "' "' "' ..... ,,.. 

"' "' "' "' "' "' ..... 
oq 

~I 
= 
• I .., .., .., .... .., .., 

(.J • I ..... .., I I I .., I I - ~ .• , ~ I I 0 ~ 0 I Q = .., ... 
1 "' 

c ,... c 
= 

Q .... N ,... N .. "' "' .!! "' .. 
Q = = c .. "' ""' g .. "' -..; ..... - ~ ..... .., ... .., .., c ,... 

.. I °' °' °' °' °' °' °' °' °' °' °' °' °' --- ,... ,... ,.... ....., ..... ,.... -- - ,... 
....... ....... ----- - - ...... ---.. , ~ ""' 

.., .., .... ... ... ,., .... ""' ~ "' "' ~1 
N N ,... N ... N ... ..... ..... N N .... ... 
....... ------- ...... ...... - ...... ...... 

- ~ c - c: ~ ... "' Q "' "' 
~l "" "' ""' "' .... ""' ~ "' "' "" = c - - - ·-"" '° "" '4 "" "" "" "" "" '° "" "" '4 

( 
• .. 



.·' 

Table IS (Cont'd) 
117 . . 

C• B~olog1cal Re•oval kale Con11tanl11 foe H111ahalleee Atlole1ce11t1 

ll1C1 ll7 C1 ll7c, I( I( K 
llll n.re 11ci lldl t: ~- flat.: ~-i- d-1 J-1 d-1 ------ ---- ----
H11lea 

614/ l /21/7'J .204 ':JI 16/19 .01S 7/11/80 1.S.I0-1 8.9al0-1 NA 

6111 l/2l/7'J .76 5/16/79 .12 8/1/80 1.51110-2 1.6.lo-l 7.7xJO-l 7.Jxl0-1 

6011 1/21/79 .05S S/ lo/79 .011 7/ll/80 9.0xl0-4 l.lxl0-2 NA 

6127 I /22/79 .21 S/lb/79 .on 8/1/80 1.lxlO-l 1.2.10-2 NA 

61ll 5/16/79 .022 1/ll/80 6.6x10-4 NA 

60IS 1/24/19 .071 S/l //J'J .016 l.4xl0-2 

6118 1/24/79 2.0xl0-1 S/17/19 I. 7x10-l NA 

Fe1aale1 

612'J 1/22/79 .21 5/17 /79 .016 1/ll/80 4.4x10-l I. 11110-2 NA 

6048 S/21/79 .074 8/'.i/110 l.4xl0-1 NA 

6091 1/24/79 .IS 'j/ 17 //'J .017 1.11110-2 

6111 1/21,/J'J 4 .011 w-J 8/1/80 2.211io-l NA 

6170 1/24/79 2:axao-1 'J/11//'J 1.a..w-1 7/ll/80 9.11.10-I, NA 

6141 l /22/79 :l. hto-l 'j/16/1'J 1.511!0-1 NA 

,,-...._ 
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Table 17 

l!•uly llurt1.,'!.~~~_l~~J!'!!!-H"die11llLJ~ht .. J"ed A•lull Haltt Pd or Reaido!nl• of Rik ini Atoll 

.Janu•a ___ Halt'. -- A11r.11"l 

1979 1979 1979 l'H9 1980 1980 
YJ"a, Yra. Jllca l'otaaaiuia ll1c8 l'ot••• ium ll1c8 Pula1111i1ft 

Age llci 11ht 11.:i esht On Off Rc11ult 11 ..... 1t R,;ault Rctoult R"•ult 11 ...... 1 t 

~__! !I~! _!~L -~L llik ini Hi k ini uCi_ Gaa• ~ Gia• nCi l:r tt1• -----
6116 48 I SO Sit -- 4 8.S 141. 

6118 20 161 S1 - ] 2.8 165 

6151 2) 160 65 I 1.42 ~.It l/U ~.4 14t. 

6168 16 150 44 1 1.0 2.4 IOI - IOO - JOit 

6174 S2 174 84 -- 6 11 I Sit 

6180 22 Ill 61 4 I 14 141 -- -- 5.9 15.t 

61112 18 161 B 6 0.42 1220 122 620 I 11 

6190 19 166 S7 o.2s 2 -- -- 6.0 161 1.1 I 'il 

620S 42 170 Ill " 4.5 - - - 159 

6211 19 161 SS I ] - -- -- 114 

6218 56 I~ 12 2 10 -- -- -- 169 

62 l'J 10 171 60 2 9 -- -- -- 141 

6220 26 11>6 66 2 9 -- -- -- 165 

6221 Si 11S 81 J 9 -- -- 4.2 139 

,,.-.... 
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Table 20 

lloJr llurJen Datu f~ Hon-HeJical J~aiatcred Chi l·h·en Pd or lleeiJ.,nra of Bikini Atol 1 

January Hay Aull~!~--

1979 1979 1979 1979 19110 19110 
Yr· a. Yu. 111 Ca Potaaaiuq ll1c. Potaeaium ll7c. l'olaa•iu111 

Age llt:i ght "eight Ou Otf Rt:eult l<!•uh ll"•ult Reau It Reault llttJul r 
.!!_.! !rtl _Jc•)_ _!~L llikini Bikini nCi GrtJm nCi Graiu nCi c ...... ---- ---- ----
Hale• 

6156 9 llO 34 6 l.O 2.0 H l.4 S9 l.9 ]j 

6164 s llS IS -- l.S 8.0 40 

6172 10 llO 10 1 1.0 2.8 40 •• 9 74 1.0 /] 

6202 6 100 19 S.l • 72 -- -- 1.8 Sl 

6208 10 ll6 ll 4 4.S -- -- -- 76 

614S s 110 21 -- -- 1.0 46 

6186 s 104 20 -- -- -- -- -- 22 

... ., ....... 
6179 8 II S 22 4 l 1.2 -- -- )9 

6117 6 IOl Ill -- 6 -- -- -- lb 

6176 8 144 24 -- 6 -- -- -- 111 

6111 6 96 IS 2.b7 1.0 4.0 16 I. I 47 -- 29 

61S1 s 106 20 '• l.O 7.2 12 -- 54 l.4 41, 

Cl I Sii 6 IOJ 20 4 1.0 l.5 12 I. 2 46 6.5 53 

. ..-... 



,,.,.- ' 

T•blu 20 (Co"t'J) 

J1ui11ary _ tt8 Y Au~---

1979 I 97'J 1979 1979 19110 19110 
Yre. Yu. ll7c, Pola•aium ll1c, Poe••• i UU1 ll7c, l'olaeHium 

Age Height Weight On Off Reault Re•ull Rce"lt Re•uh Reeult Reau It 
ID f !cl ( t:•) _J!j!_ Riki ni Bikini nCi Cram nf.i GI"&• nCi Cru1u ---------
Pemalt• (cont'd) 

6HO 8 120 25 4 0.42 4.0 lo2 1.5 ltO .95 45 

61"9 5 99 19 ". l 0.42 I.fl l1 -- l2 -- lt2 

62111 5 'J2 I'> I,, j .n -- -- '.>4 

6204 5 1114 21 I .12 -- -- I. I H 

6142 lO 126 26 0 -- 2.l 52 1.0 12 l.O 67 

6141 4 1114 19 0 -- 1.2 41 -- 15 

6191 6 11 l 21 0 -- -- -- 1. l 61 

6211 10 121 25 I l -- -- -- 56 

6217 10 126 25 'J 9 -- -- -- "" 



PRIVACY ACT M 
7ab:e :~ 

ATER/AL REMOVED 

Comoariscn Adult ~al.es from :<i:.i 

Au3usc: 1980 

137 Cs Poc:assiu.m 
~ame !D~F Age uci Grams 

2102 30 l.2xl0-2 164 

2103 20 1. 3xl0-2 173 

2104 37 l.lxlo-2 166 

2105 38 9.5xl0-3 170 

2107 38 1. 5xl0-2 177 

2114 35 6.2xl0-3 172 

2116 45 8.lxl0-3 134 

2117 49 7.2xl0-3 158 

2118 27 7. 3xl0-3 162 

2100 50 9.4xl0-3 152 

2101 54 9. lxl0-3 156 

1109 22 1. Jxlo-2 176 

1111 34 l. 5xl0-2 191 

1098 34 8.4xlo-3 191 

1101 37 l. 6xl0-2 188 

1102 39 3.lxl0-3 112 

1103 55 6 - , o-3 • .:ix ... 121 

1104 26 5.7xl0-3 135 

1105 22 3. 9xl0-3 136 

1107 36 2.8x10- 3 180 

1106 26 1. 4xl0-3 184 

1108 23 7.5xl0-3 189 ( 

PRIVACY ACT MATERIAL REMOVED 



PRIVACY ACT MATERIAL REMOVED 

:'abl~ :1 (Cvr:t'i) 

_......_ Co:noariscn Adult ~!ales fr~ Kili (Cont'd) 

Au3ust 1980 

137 Cs Pota.ssiu::i 
Name ID# Age UCi Gt"at:tS 

1110 40 1. 3xl0-2 156 

2120 34 6. Oxl0- 3 158 

2121 46 5 .4xl0-3 152 

2122 56 9.4xl0-3 138 

2123 25 l. 7xl0- 2 180 

2124 22 3.7xl0- 143 

21:5 28 3. 4x10-3 147 

PRIVACY ACT MATERIAL REMOVED 

( 



C)~IVACY ACT MATERIAL REMOVED 
Table :1 ( C.:>n:: 'd) 

Comoarison Adul~ :-tales f:.-om :1a;uro 

Au5ust 1980 

137c5 Potassium 
Name ID1'> Ase uci Grams 

1047 31 6.lxlo-3 184 

2084 32 8.3xl0- 3 168 

2085 55 3.2xlo-2 112 

2087 62 l.7xl0- 2 134 

2089 21 3. 5xl0-3 149 

2019 26 l.4xlo-2 152 

2060 50 3.0xlo-2 122 

2065 44 l.2xlo- 2 137 

1048 70 9. lxl0-3 144 

1056 62 8.2xl0-3 131 

1074 34 5.2xlo-3 143 

1076 35 8 .2xl0-3 174 

1084 80 6. Jxl0- 3 155 

1088 19 4.4xlo-3 191 

1089 21 5. 4xl0-3 168 

1090 27 1. 6xlo-2 179 

1091 34 J. 2xl0-3 169 

1092 29 8.Sxlo-3 183 

1004 44 4.8xl0-3 136 

2028 17 2.2x10-3 136 

2050 17 2. 5xl0-3 133 

( 
PRIV." ~,, ",::~ ~.i,; .. -:--::\;A:.. RE(!iOVED 



Table ..,.., 
PRIVACY ACT MATERIAL REMOVED 

Camoa!"ison Adult Females from \.f • -.a iuro 

AuS?:ust • : 30 

13 7 Cs Potassit.m 
'fame !Dd A$'! uci Grams 

2015 36 2. 3xio-3 97 

2091 40 4. Oxl0-3 117 

2055 38 4. 7x10-3 SB 

2059 32 9.6xl0-3 86 

PRIVACY ACT MATERIAL REMOVED 



Table :2 rcon~'d) 
PRIVACY ACT MATERIAL REMOVED 

C'omuari.son Adult ::'emales :~om Ki li 

Auszust 1980 

13 7 Cs Potassium 
Name !Di~ Asze - uCi Grams 

2119 45 2.sx10-J 99 

\lRIVACY ACT MATERIAL REMOVED 

( 
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,I 

Dale Counl.,d 

April 1918 

Januacy 1979 

Hay l'H'.I 

Ja11ua1y plu• 
Huy l '.17'.1 
Nun llup Ii cate 
Cmrnt a 

Total 
Cuunh·•I 

9'.I 

101 

ll'.1 

....... 
) 

T11ble 26 

Who I e lio•ly. Counr i "IS Ce11111111 

Hc<lically 
l1t·gi•te1·e•I lliklnia1111 
l'opttl at ion H"d~cally 1 
Total in Kegutered 
Apd~ fu.~pri l ~18 

141 11S 

141 IJS 

141 lJ) 

Numhec of Number of 
H.:dically Relocated Numbt:1· of 
Regiateced Bikini Non-relocated 
l'opu I at I on Re Iii dent• llt:11iJ.,11ta 
1'0111 l f.011111 .. d C(nontto•I Cuunrcll 

--~--- -

9'.I 9'J 

H 64 }1 

b} 1'.I 44 

82 'J8 So 

1
Pikini Hcdical l't:Ki11c.-y incl11<lc•I 14 1•cnnna under S yuan of ag" an.I not "liKil1le for \Jl1ole boJy counting iu Apdl 19711. 



' . 

Table 27 

Cen•u• of Hr.li.:ally Re15ietered 1 Uhole llody Countc'!_,_ Rc!ocetcJ llildnl Reaid1:nt• 

He.Heally t of 
lleghtcnJ Hedlcally 

Hale Feiaale Hiile Fciaale Total Population Re11,htere•I 
A•lult AJu It Aololt!8Cent8 Adol1:.cent• Children Children l'er•ooa Total In l'opu I at I on 

Pate Count«:J H11lt!8 ... ., ... ,.,. ~!.J..!..:!.L !gee 11-U ~~!Q ~~5-10 Co11111.,d Apri I 1976• Co11nt.,J ---
April l 'J78 )6 12 6 l ll 14 ll'J 141 69 

J1muary l 'J7'J II 16 4 2 6 46 141 11 

Hay 1979 14 19 ., l 4 6 51 141 )6 

J .. nuary 1>111• 1 ll 4 2 0 4 28 141 20 
H11y l!H9 
l>u1>licet" 
Count a 

* Bill Scott-Hedical D1:pt-BNL 

,,.,.--, 



-.... 

~ 
i .. 
n: 
• 
c.. 
n: .. 
• 

= 

0 

... 

~ ~ : :: 
"' r:.. ~ --·-·-·C 
• n r:.. n 
.. Ill c. 
n: - = ., _...,a 
ft "< • :. 

"' 

0 

e 

c 

.... • 

.... 
• 

;;- ,. ~ ~ 
K :;., : 
...... ,. Q 

• n • r; .... ... .. - ... 
~ - =ft t 'C g ::.. 

"" ~ .. 

c:: 

.. z 
It 0 • = 
-· I ::.. .. 
.. It 

= -; ~ .. ... 
ct -

.... .... 

c.. 
• = c: • .. 
'C 

In 
·- c I ... . ... 
,. It 

j:; !") 

·-· i I" -.. = 

I
':.;; 
0 -= ...... 

' 

!: > 
11: =,_, : 

llt -. ... 

~t 

!
,. ;; ~ -. -
- " It I n: -= ""' ... . . 

ff 
g 'I: 

-·" 

I 
~: 

...,. .. -
I fl It -= C> 

1£l ~...; 
I: "' e :: .... 
I
~ e • 
ft = --· 

If ,. 
1~ 

I! 
Ir 
t; 
~ 

:IC 

" c.. 
,., .. 

-· -c.. 

I~ 
Ir 

~ 

..; • ~ -,. 

.... 
QD 

· .. 



T11ble 28 (Conl'd) 

Hde •·.,1u11le Hall! l"t'lllllll! Tul•I 
Uate Counrcd/ AJult "''"'' AJoleacent• A.lol.,11cenl11 Chi IJn,n Childn:n l'.:r1101111 

Cl dll8 i fi cat ion Ha le!. •'<·oua I ca Age a 11-l'j Ag.,11 11-l'j _!gu 'j-10 Agc1 'j-10 Councc,I --- ----
H1ty 1919/ 

N.m-reloc1tted 12 12 5 2 l 8 42 
re11ident11. 

lie located ] 5 2 I I 4 16 
r"11ido:nt• not 
,,,.,.1j •a 11 y 

r"ll iate rcJ. 

llclocated .-e11i- 0 0 0 0 1 5 12 
J.,,nu -Jically 
lt:ghtere•I. 

Trane lent. 2 0 0 0 0 0 2 

Non-raaid.,nl. 0 0 0 2 I l 6 

lllTAI. 11 11 ]. 5 12 20 1K 

J11nua.-y and Hay 6 11 4 ] 6 12 41, 
1979 Duplio.:atto 
Counl9 

·-----· ·-------- ----------

* Al I but '"'*' inJ ividu11 I in thi11 cl11t11dti.:11lio11 rt:counted in H11y 1919. 

r-. 



Surnmarv of Residence Location for ?~rsons Whole 3ody Counted ~n 

Januarv and ~ 1 av 1979 

Residence Atolls - Islands 

Majuro- :<il i Jaluit- Total 
Eiit Rita Jaber Counted 

Group/Class 

Relocated Xarshallese/ Jan Z6 37 1 0 64 

~esidents of Bikini Atoll May 34 30 15 0 79 

Nonrelocated ~arshallese/ Jan 4 29 0 0 33 

~esidents of Bikini Atoll May 3 24 0 17 44 

Controls Jan 1 3 0 0 4 

May 3 3 0 0 6 

( 
·. 



~able 30 

Freouencv Jistribution of Residence Location in Januarv 1979 

Residence Atolls - Islands 

Majuro- Kili Jaluit- Total 
E jit Rita Jab or Counted 

Relocated Medically Registered: 

Adult Xales 8 8 1 0 17 

Adult Females 8 8 0 0 16 

Adolescent Xales 1 3 0 0 4 

Adolescent Females 1 l 0 0 2 

~ale Children 1 0 0 0 l 

Female Children 3 3 0 0 6 

Relocated Nonmedically Registered: 

Adult ~ales 0 2 0 0 2 

Adult Females 2 3 0 0 5 

Adolescent Xales 0 1 0 0 l 

Adolescent Females 0 1 0 0 l 

Xale Children 1 3 0 0 4 

Female Children 1 4 0 0 5 

Other Nonmedically Registered: 

Adult Males 2 6 0 0 8 

Adult Females 2 9 0 0 11 

Adolescent ~ales 0 3 0 0 3 

Adolescent Females 0 3 0 0 3 

Male Children 1 3 0 0 4 

Female Children 0 8 0 0 8 
~ 

\ 



Table Jl 

Freauencv Distribution of ~esidence Location ~n ~ay 1979 

Residence Atolls - Islands 

Majuro-
E ji t Ri:a 

Relocated Medically Registered: 

Adult Males 6 5 

Adult Females 9 7 

Adolescent Males 3 2 

Adolescent Females 1 l 

Male Children l 0 

Female Children 3 3 

Relocated Nonmedically Registered: 

Adult Males 1 

Adult Females 3 2 

Adolescent Males 1 l 

Adolescent Females 0 l 

Male Children 3 4 

Female Children 3 3 

Other Nonmedically Registered: 

Adult Males 1 4 

Adult Females 2 8 

Adolescent Males 0 3 

Adolescent Females l* 2** 

Male Children l* 2 

Female Children l* 3** 

*individual is part of the control population. 

K
., . 
l.. l 

3 

3 

0 

1 

3 

0 

1 

0 

0 

0 

l 

3 

0 

0 

0 

0 

0 

0 

Jaluit
Jabor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

2 

2 

1 

1 

2 

( **one or more individuals participated in ~he program as a control. 

Total 
Counted 

14 

19 

s 

3 

4 

6 

3 

s 

2 

l 

8 

9 

14 

12 

s 

4 

4 

11 



I!):~ Name 

80 

6006 

863 

6070 

6004 

6033 

6018 

6069 

6068 

6067 

6066 

6017 

6019 

6001 

6073 

6005 

6008 

6086 

6071 

6076 

6072· 

:ao l~ ., ' PRIVACY ACT MATERIAL REMOVED 

~edicallv ~egi.si:ered Relocated Adult ~ale IJ ~lumber, 

~ame and ~esidence Location 

Count: 
Date 

1/23 

1/24 

l/ 24 

1/24 

1/22 

l/22 

1/23 

l/23 

1/23 

1/22 

Januarv 19i9 

Reside:ice 
Atoll-Island 

Majuro-Rita 

~ajuro-Ric:a 

~ajuro-Rita 

Majuro-Ric:a 

Majuro-Ejit: 

Majuro-::jit 

:1ajuro-Rita 

Majuro-E:jit 

~ajuro-Ejit 

Majuro-Ejit 

Count 
Date 

5/21 

5/15 

5/17 

5/18 

5/21 

5/15 

5/21 

5/16 

~av 1979 

Residence 
Atoll-Island 

Kili 

Kwajalein-Ebeye 

Majuro-::jit 

Maloelap 

Jaluit 

Majuro - (Ric:a?) 

'rlotje 

Majuro-Rita 

Majuro - (?) 

!-fajuro-Ric:a 

Majuro-Rita 

Kili 

Majuro-Ejit 

Majuro-Ejic: 

Majuro-Ejit 

Kili 

~ajuro-Ejit 

Majuro-Ejit 

Kil i 

Majuro-Ejit 

I<ili 

PRIVACY ACT MAiERIAL REMOVED 

( 



~able 32 (Cont'i) 
PRIVACY AC r MA;cn11"\L iiEMOVED 

~edicall·1 :\e~isc:e:-ed ~elocated Adult ~ale IJ \T ' .<Ur:lOe!', 

~ame and ~esidence Location (cont'd) 

813 1/22 Majut'o-Rita Kili 

6118 1/24 Majut'o-Rita 5/17 Majuro-Rita 

6126 Kili 

6003 Ugelang 

6117 1/24 Majuro-Rita 5/16 Majuro-Rita 

61:::s 1/25 Kili Kili 

61:::5 5/18 Majuro-Ejit 

6007 1/23 Majuro-Ejit Kili 

5120 1/22 Majuro-!!:jit 5/15 Majuro-Ejit 

6119 Majuro- (Rita?) 

864 Xajuro-Ejit 

966 5/15 ~ajuro-Ejit 

6135 Lib 

6096 1/22 ~ajut'o-Ejit 5/16 Majuro-Ejit 

6002 Kili 

~P.IVACY ACi MAiERIAL REMOVED 

( 



Name 

6045 

6E2 

6114 

6111 

6059 

6063 

6022 

6124 

6108 

6058 

5065 

6097 

6109 

6046 

6098 

6060 

6036 

6110 

PRIVACY ACT MATERIAL REMOVED 
:'able '.;3 

~edicallv Re2istared ~elocated Adult Female ID ~umber, 

Name and Residence ~ocation 

Count 
Date 

1/24 

1/23 

1/23 

1/22 

1/22 

1/22 

1/23 

1/23 

1/22 

1/23 

1/23 

1/22 

1/24 

Januarv 19i9 

Residence 
Atoll !stand 

~ajuro-Rita 

Xajuro-Ejit 

Majuro-Ejit 

Majuro-Ejit 

Xajuro-Ejit 

Majuro-Ejit 

Xajuro-Rita 

:1ajuro-Rita 

~ajuro-Ejit 

Majuro-Rita 

Xajuro-Rita 

Majuro-Ejit 

Majuro-Rita 

Count 
Date 

5/16 

5/16 

5/17 

5/16 

5/16 

5/16 

5/16 

5/15 

5/17 

5/17 

5/21 

~av 1979 

Residence 
Ato 11-!s land 

Kwajalein-Ebeye 

;.tajuro-Rita 

Kili 

Kili 

Majuro-Ejit 

Majuro-Ejit 

Kili 

Deceased 

Majuro-Ejit 

Kili 

Majuro-Rita 

Kili 

Majuro-Rita 

Kili 

Majuro-Rita 

Majuro-Rita 

Majuro-Ejit 

Majuro-Ejit 

Majuro-Rita 

Jaluit 

Kili 

PRIVACY ACT MATERIAL REMOVED 

( 



525 

6064 

6061 

6051 

934 

6062 

6035 

6115 

6034 

865 

{ 6050 

( 

~ab:e 33 \Cont'd) 

~edicallv ~egistered Relocated Adul: Female :D ~umber, 

Name and Residence Lccation (cont'd) 

5/21 Kili 

1/24 Majuro-Rita 5/15 ~ajuro-Rita 

Wotje 

5/15 Majuro-::jit 

5/15 Majuro-Rita 

5/16 :-fajuro-Ejit 

1/24 Majuro-Rita !'!aloe lap 

l/ 23 ~ajuro-Ejit 5/16 ~ajuro-Ejit 

5/21 Kili 

5/15 ~ajuro-Ejit 

Kili 

PRIVACY ACT MATERIAL REMOVED 



PRIVACY ACT MATERIAL RE;.,;·JVED 
:'able :~ 

~edicall•1 ~e3istered Adolescents (Ages ll-14) ID ~umber. 

. ~fame and !:',es idenc:! Location 

Januar-' 1979 ~!av 19i9 

Count Residence Count Residence 
ID ff Name Date and Island Date Atoll-Island 

Males: 

6122 Kili 

.6131 1/ -- ~ajuro-Ri:a 5/16 ~ajuro-Ejit 

6011 1/23 ~ajuro-Rita 5/16 ~ajuro-Rita 

6127 1/2:? Majuro-Eji.t S/16 Majuro-Ejit 

6133 5/15 ~ajuro-Ejit 

6015 1/24 ~ajuro-Ri:a 5/17 ~ajuro-Ri:a 

Females: 

6129 1/22 ~ajuro-Ejit S/17 ~juro-Eji: 

6048 5/21 Kili 

6091 1/24 ~ajuro-Ri:a S/17 ~ajuro-Rita 

PRIVACY ACT MATERIAL REMOVED 

( 



Table 25 
PRIVACY ACT MATERIAL REMOVED 

:!edi=allv ~e3istered Childre~ (Ages 5-10) rn ~umber. 

~laI:Ie and tl.esidenc~ Location 

Januarv 197? Xav 1979 
Count Res icte:'lce Count Residence 

ID:.~ ~fame Dace Atoll-Island Dace Atoll-Island 

~ales: 

6009 5/21 Kil i 

6049 Kili 

6042 Jaluit 

6014 5/21 Kili 

6012 5/21 Kili 

6023 1/22 Majuro-C:jit ~ajuro-Ejit 

6016 5/15 Majuro-Ejit 

6013 !<il i 

Females: 

6094 Wotje 

6092 Wotje 

6080 :<il i 

6010 1/23 Majur::>-Sji:: Majuro-::jit 

6038 :<i 1 i 

6105 1/23 Majuro-Ejit 5/16 Majuro-Ejit 

6103 Maloelap 

60ZS 5/15 Majuro-Ejit 

6030 1/22 ~!ajuro-::j it 5/16 ~ajuro-Ejit 

6027 1/23 Majuro-Rita Majuro-Rita 

6044 5/15 Majuro-Rita 

(_ 6025 1/23. Majuro-Rita 5/16 Majuro-Rita 

6081 Majuro-Ejit: 

6106 1/23 Majuro-Rita 5/16 . Maiuro-Rita 
PR\VU\' \':T,,",_,...,,,, .., ... ,..,,1~n 



Tab le 26 PRIVACY ACT MATERIAL REMOVED 

~onmedically Re2istered Adult Fe~ale :n ~umber 1 

~ame and Residence Location 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
ID# Name Date Atoll-!3land Date Atoll-Island 

6137 1/22 Majuro-Ejit 5/17 Majuro-Ejit 

6139 1/22 Majuro-Ejit ~ajuro-Ejit 

6140 1/22 Majuro-!::jit 5/17 !1ajuro-Eji~ 

6144 1/22 Majuor-Ejir: 5/17 Majuro-Ejit 

6148 1/23 Majuro-:tir:a 5/16 Majuro-Ejir: 

6151 1/23 Maj uro-:U ta 5/17 Majuro-Rita 

6152 1/23 Majuro-:tita 5/16 Majuro-Rita 

6155 1/23 Majuro-:Uta 5/16 Majuro-Rita 

6159 1/24 Majuro-Rita 5/17 Majuor-Rita 

6160 1/24 Maj uor-:u ta 5/17 Majuro-Rita 

6163 1/24 Majuro-Rita Majuro-Rita 

6165 1/24 Majuro-:tita Majuro-Rita 

6167 1/24 Majuro-=Hta 5/16 !iajuro-Rita 

6175 1/24 Majuro-:lita 5/17 Majuro-Rita 

6181 1/25 Majuro-Rita 5/17 Majuro-Rita 

6185 1/25 Majuro-:Uta 5/16 Majuro-Rita 

6187 5/16 Majuro-Ejir: 

6189 5/16 Majuro-Rita 

6206 5/21 Jaluit-Jabor 

6222 5/21 Jaluit-Jabor 

( 
PRIVACY ACT MATERIAL REMOVED 



:'abl.a 37 PRIVACY ACT MATERIAL REMOVED 

~lon.~edicallv ::l~gistered . .\cult 'A3l.a I:l ~uober, 

~face and ~esidence Location 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
ID~t Name Date Ato 11-Is land :late At~ll-Island 

6136 1/22 Majuro-Ejit Majuro-Ejit 

6138 1/22 ~ajuro-Ejit Majuro-Ejit 

6153 l/ 23 Majuro-Rita 5/16 Majuro-Rita 

6161 1/24 Majuro-Rita 5/17 Majuro-Rita 

6166 1/24 !1ajuro-Rit:a 5/16 Majuro-Rita 

5168 1/24 Majuro-Rita 5/16 Xajuro-Ri:a 

61 i~ l/24 ~ajuro-Rita ~juro-Rita 

6180 1/25 ~ajuro-Rita Enewetak-Enewet:ak 

6182 l/25 Majuro-Rita 5/16 ~ajuro-Rita 

6184 1/25 Majuro-Rita 5/17 ~juro-Ejit: 

6190 5/16 Majuro-Ejit: 

6205 5/21 Jaluit-Jabor 

6210 5/21 Kili 

6211 5/21 Jaluit:-Jabor 

6218 5/21 Jaluit:-Jabor 

6219 5;:1 Jaluit-Jabor 

6220 5/21 Jaluit:-Jabor 

6221 5/21 Jaluit-Jabor 

6223 5/21 Jaluit-Jabor 

6224 _!B,IVACY ACT MATERIALSEMOVED 5/21 Jaluit-Jabor 

6226 5/21 Jaluit:-Jabor 



':'ab le 38 PRIVACY ACT MATERIAL REMOVED 

Nonmedicallv Re~istered Adolescent ID ~fomber. 

Name and Residence Location 

Januarv 1979 :'-!av 1979 

Count Residence Count Residence 
ID;.' ~fame Date Atoll-!sl~nd Date Atoll-Island 

6200 5/17 Majuro-Rita 

6207 S/21 Jaluit-Jabor 

6225 5/21 Jaluit-Jabor 

6188 5/16 Majuro-Ejit 

6212 5/21 Jaluit-Jabor 

6147 1/23 Majuro-Ri:a 5/16 Majuro-Ejit 

6169 1/24 Majuro-Ri:a 5/16 ~juro-Rita 

6li8 1/24 Majuro-Ri:a 5/17 Majuro-Rita 

6183 1/25 Majuro-Ri:a 5/16 Majuro-Rita 

61 73 1/24 Majuro-Rita S/17 Majuro-Rita 

6170 1/24 Majuro-Rita 5/17 ~juro-Rita 

6162 1/24 Majuro-Rita Aur 

6141 1/22 Majuro-Ri:a 5/16 ~ajuro-Rita 

PRIVACY ACT MATERIAL REMOVED 



:'able 39 PRIVACY ACT MATERIAL REMOVED 

~ ~onmedicallv Regis::ered Juvenile !D ~umber. 

Name and Residence !.ocati.ons 

Januarv 1979 ~!av 1979 

Count Residence Count Residence 
ID# ~lame Date Atoll-!sland Date Atoll-Island 

6186 5/16 :-tajuro-Ejit 

6202 5/21 Kili 

6208 5/21 Majuro-Ejit 

6191 5/16 Majuro-Ejit 

6203 5/21 Kili 

6204 5/21 Kili 

6213 5/21 Jaluit-Jabor 

6217 5/21 Jaluit-Jabor 

,. 6156 1/24 Majuro-Rita 5/17 Majuro-Rita . . 
6164 1/24 Majuro-Rita Aur 

6172 1/24 Majuro-Ri::a 5/16 Majuro-Rita 

6179 l/Z4 Majuro-Rita 5/17 Majuro-Ri:a 

6177 1/24 Majuro-Ri:a 5/17 Majuro-!Uta 

6176 1/24 Majuro-Rita 5/17 Majuro-Ri:a 

6171 1/24 Majuro-Rita 5/16 Majuro-Rita 

6157 1/24 Majuro-Rita 5/17 Majuro-Rita 

6158 1/24 Majuro-Rita 5/18 Majuro-Rita 

6150 1/23 Majuro-Rita 5/16 Majuro-Rita 

6149 1/23 Majuro-Rita 5/16 Majuro-Rita 

6142 1/22 Majuro-Ri:a 5/16 Majuro-Rita 

6143 1/22 Majuro-Rita 5/17 Majuro-Rita 

F'RIVACY ACT MATERIAL REMOVED 



:'able 39 (Ccnt'd) 

~oruned ica 11 v Re3istered Juvenile !D Number z 
PRIVACY ACT MATERIAL REMOVED 

Name and Residence Loca~ions 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
ID# ~fame Date Atoll-Island Date Atoll-Island 

6145 1/22 Majuro-Ejit ~ajuro-Ejit 

6031 5/15 Majuro-Ejit 

60:9 5/15 Majuro-Ejit 

6100 5/ 15 Majuro-Rita 

6021 1/24 Majuro-Ri:a 5/16 Majuro-Rita 

6020 1/22 Majuro-Ejit 5/16 Majuro-Ejit 

6107 1/23 ~ajuro-Rita 5/16 Majuro-Rita 

6074 1/24 Majuro-Rita 5/17 Majuro-Ri:a · 

6078 1/23 Majuro-Ejit Kili 

6088 5/15 !iajuro-Eji: 

6090 5/15 xajuro-Ejit 

6101 1/24 Majuro-Rita 5/15 Majuro-Rita 

6056 1/24 Majuro-Ri:a 5/16 Majuro-Ejit 

6057 5/21 Kili 

PRIVACY ACT MATERIAL REMOVED 



7able .:...o 

~edicallv ~eaiste!'ed Relocated 3i~i:i.i Atoll ~esidents 

Not mtole 3cdv Counted Since 1978 
PRIVACY ACT 1\MTERl.;L REMOVED 

ID :: Age ~fame Sex Location 

613Z 12 M Kili 

60L.9 8 ~ Kili 

6042 7 M Jaluit 

6013 5 M Kili 

6094 10 F Wotje 

6092 8 F Wotje 

6080 7 F Kili 

6038 6 : Kili 

6103 9 F Maloelap 

6081 9 F Majuro, Ejit 

6006 37 M Kwajalein, Ebe ye 

6004 28 M Jaluit 

6033 27 M Majuro 

6013 34 M Wotje 

6068 56 M Majuro 

60i2 20 M Kili 

61:6 35 M Kili 

6003 22 M Enewetak 

6119 17 M Majuro 

864 51 M Majuro, Ejit 

6135 35 M Lib 

f 
6002 t 65 M Kili 

PRIVACY ACT MATERIAL REMOVED 



ID ;! 

6045 

6059 

6124 

6058 

6036 

6061 

6050 

PAIVA.CY ACT MATERIAL RE,\10VEO 

Table ~O (C~nt'd) 

~edicallv Rezistered Relocated 3ikini Atoll Residents 

Not ·.Thole Rodv Counted S~nce 1978 (cont'd) 

Ase ~fame Sex Location 

28 F Kwajalein, Ebe ye 

19 F Kili 

54 F Kili 

18 F Majuro, Ej it 

27 F Jaluit (Rongelap) 

32 F Wotje 

22 F Kili 

Total ~issed • 30 

PRIVACY ACT MATERIAL REMOVED 

( 



Column 

1 

2 

3 

4 

5 

6 

7 

8 

l 

Table 41 

Individual Dosimetry Data for Bikinians -

Explanation of Column Headings 

Item or Derived Oua li t•1 

Name 

!D Number 

Residence Inverval 

·9o Sr and 90y Bone Marrow Dose 
Equivalent During and ?ost 
Residence Interval 

137c 137m~ 0 ~ . 1 s + oa ose _qu~va ent 
During and Post Residence 
Interval 

Net External Dose Equivalent 
During Residence Interval 

Total Body Dose Equivalent 

Total Bone Xarrow Dose 
Equivalent During and Post 
Residence Interval 

~easured Quantitv 

Urine Activity 
Concentration 

Body Burden 
Measurements 

Ex:ernal Exposure 
Rate ~easurements 

Cooments 

Personal Interview 

BNL Medical Dept. 
& S&EP Div. Records 

Personal Interviews 

Three Compartment 
Model, Constant 
Continuous Uptake 

Two Compartment 
~odel, Monotonically 
Increasing Uptake 

Assumed Living 
Patterns 

Sum of Columns S & 6 

Sum of Columns 4, 5, 
and 6 



PRIVACY ACT MATERIAL REMOVED 

INlllVll>UAL llOSIHU'KY DAl'A •·01t llKINIANS 

"":fr ' 90y 
111 c •• ll1•._ 11.111e H•rrow Net E•ten1el Totel Body Tot•l Bune Harrow 

ll11dc t:quiv, l>o•c lqu lv. Doac Equiv. Duae 1!1111 iv. Oo•t: E11u iv. Our i "ll 
lt.:eidtmcei During &. Poet During &. Po•t lludn1 ltt:•i<lt:ncei lludng &. Poet and l'o•t lle•idt:nce 

ID lntcrvel ltc•iJ.,nce Int, ll"•i Jc: nee Int. lntc1vd le•idcnce lot, lnlt:rv•l 
N11..e No ......... ~-- 111lt<:• • 11 .... .. Re• .. ic., .. .. 1t., • 

6001 1.1 l10* 480 9'10 l400 1600 

6ll1 1.1 19 S80 9~ I SOO 1600 

6110 .12 49 200 94 100 100 

bO/b 1 .. , 9.9 9110 4 )() I Jllll I IOU 

8ll 4.1 11* 600 S60 l200 1200 

6019 S.1 190 420 690 1100 IJOO 

6ll l .80 1.1 ·~ 
100 2S<l 260 

6091 4.1 51* 410 SW 9'10 IOOO 

6llS 1.1 91 760 8110 l600 l 100 

6109 4.1 'Jl * 240 520 760 810 

609l 6.l 14* s~ 1b0 1)00 l400 

61)2 2.1 62 l200 100 lSOO 1600 

6046 2.0 21 400 240 600 JOO 

6061 6.1 6') 610 760 ll,00 1'>00 

PRIVACY ACT MATERIAL REMOVED ,,--._ 



r'· 
.-, 

PRIVACY ACT MATER/AL REMOVED 

INUIVIOllAL OO:ilttt.:TRY DATA l'Oll BIKIHIAH:i (Cone '·I) 

90!ir lo 'JOY 
111C.i + 111w0• 

"""" ltd .... ow Net t:xr., .. n• l Tot•I Body Tor• I 110110: ••• .. row 
llo:." E•1uiv. Do•.: l!quiv. Do•c Equiv, Do•e Equiv. ho•" E•1u iv. llur i nK 

11.,. idence lh11 i "II ' Po•t O.ad n11 lo Po.C Ou .. io11 Rc:11 i Jo:ni:;: lludng lo Po•t au.I 1'1)•( ltt"• i J,:nt.:~ 
ID lnterv•I ll1!11i•lcnc" Int. llc11iJ.,ncc Int. lnte1·v•I lle•i•l.,nce Int. lnl c: .. va I 

H•uac ~~! .:.... 111lh:oa --~-- ... 11., .. 111IC.:• .,aC" •• ---- ------- -------- ----------

601>6 ).) '.>9* 400 uo 8)0 8•JO 

6070 10.) 18'.)• 870 1100 2200 2400 

61111 6.1 42 420 820 1200 I loo 

611/ b.1 1111• b Ill IWl 1400 I '.>Oil 

61211 1.) no• 810 9'.>0 1800 1900 

6122 10.) 116 lllO llOO 1600 1100 

601S 1.1 11• 6)0 220 810 900 

6010 ].) 19• l:WO 4110 1600 1600 

6129 4.l )I* no '.>20 8SO 900 

6027 l.l ·i9 .. no 400 1200 1200 

6010 1.) 116* llOO 900 2000 21110 

610 .. ].) 19• 1100 400 l'.>00 ISOO 

60)} II.) nu• ?Oil 1100 2000 2100 

611117 .1111 l'.I 190 110 100 ll 11 

6008 4.l "" 11'.>0 SbO 1400 I ~oo 

PRIVACY ACT MATERIAL REMOVED 



PRIVACY ACT MATERIAL REMOVED 

INlllVlllUAL DOSIH~-rKY DUA •11K llll<IHIANS (t:m1l'J) 

90 "° Sa· to Y 
111 c. • I l1•1. Hua1c Har-r-ow H1:l E•11:rnal lotal aoJy Toe a I Bout: H•u r-ow 

Po11e E11u iv. Ooae !•111 iv. DOlh! E•au iv. Doae Equiv. Do•1: E•1u iv. Dur i 111 
M1:aidence l)ud1111. ' roal llud111 r. Polit lludng K1:•iJ1:ncc Oudng to Po•t •n•I ~oal At:a11i.tcnt::e 

10 lnlcs-val kt:11i•l.:11cc Int. ll .. •idt:n(·e lnl. l1Hr1 val lleaiJt:nce Int. lnl 0:1 va I ... _ 
~ n. ......... M1Ki:• aaAt'.• __ n•lt•·•-- a1Ht·•• ---·-·--- --· -- -------- --~---------- -

6011 1.0 111• 220 I IO no ) 111 

861 4.1 120 6l0 600 1200 1100 

60116 8.) 240 'J'JO 1100 2l00 2100 

l10i.'J II. l I '>II! 'lllO 111111 l 700 I 111H) 

601) 1.) 110* 490 9')0 1400 1600 

6012 1.0 18* )JO 110 460 480 

6119 1.1 110• no 9')0 1700 1800 

1164 7.1 110* 960 9~ 1900 2000 

'J66 7.1 I "JU* 1400 9~ 2100 2')00 

60')9 I.) I')* 240 1110 400 410 

6124 .88 111• 180 110 l~ 400 

6'1')11 ~.) 6 .... ')')0 600 1200 
. 1100 

60)6 .64 7 .6• 260 11 lleO Jt,u 

6110 8.l 911• 4')0 11100 1400 1')00 

60')1 S.l 111• ')20 6110 1200 1200 

PRIVACY ACT MATERIAL REMOVED ,,,,....... 
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.· 
PRIVACY ACT MATERIAL REMOVED 

INIJIVll>UAL OOSIHt:TllY PATA FOR lllKINIANS (Cont'd) 

911Sr ' llOY 
111c. • 111.n. 111111" Harrow N.:t E11t1:rnal Total Bo1ly Tot•I Bone H•rrow 

llu•e t:11ui v. Duee l!11u iv. Do•e Equi '· Do•e l!quiv. Duut: E11uiv. Ouri1111 
lleaidence lludng 6. Pod During ' Pud lludng Rt:alJence Duri111 6. Poet anJ ~u•t llcuiJt:nce 

ID lnt.,rval Rt:• i .tcnc" Int. lie• i Jenee Int. lnt.,rvel lie iti J.,nce Int • lut .. rval 
Na_, ~ (~ ... 11.,. .. 11..,. 111Rcia -~~-- a1Hc1D --------- --~------

60D 2.1 41 * 1100 )00 1600 1600 

60114 6.l 14* 1100 BOO 2l00 nuo 

600S 1.8 12 410 210 }00 7 IO 

611) 1. l II llO 110 )00 ';10 

61 U 9,l 0 890 1200 2100 2100 

6067 7.l S4 780 9';0 1700 111110 

6002 2.l 1.1 170 100 610 6110 

6006 1.0 11.S 260 210 490 'IOU 

6112 l. l 12 260 160 420 t, 111 

60lS 6.l 140 600 160 11,00 I ~1111 

61 ll 4.l 19 160 S20 880 900 

6060 2.l 21• SIO 280 790 820 

6012 l.l 19• 860 400 1400 11,00 

612~ 4.l SO* 480 sio 1000 11110 

60118 l.l 19* 120 400 120 71>11 

PRIVACY ACT MATERIAL REMOVED 

r ... 



' ,..--

PRIVACY ACT MATERIAL REMOVED 

INlllVlllUAL POSIHl!'fMY DATA •·01 llllCIHIAHS (Cont 'J) 

90:i£ " 90y 
ll 1 c. • 111 • .,a b.int1 H11n·ow !kt Eaternal Total lloJy Total Bone Harrow 

1>u11c Equiv. lloe11 l!quiv, Du11e Equiv. Du•e l!qu iv. ll•>Bt! t:'lu iv. 11•11 i "K 
llceldenc• Ouri 111 a. Poet Purina& a. Pod llua· ing Re• id•!nce 1>urio1 a. l'o.t ,..,J t'u•t Reid Jenee: 

If) lotcrval l(.,,.j,luoct1 Int. lcafJ.,oce lot. lnlc:rvd Re•idence Int. lnlt!l"V•l 
N-e ~ Q __ !!)_Aa .. , .11.,. ... ., .. aMea aaR .. :1a ----- --------- --·------

606S 4.l 110 190 S20 9l0 11100 

6004 .SS IO• llO 72 200 210 

60l8 6.1 I )Cl llOO 1120 1900 211111 

6126 2.l 4S 1100 100 1400 l!tOll 

600) 8.1 2~0 SHO 1100 1700 I ~Oil 

6114 1.0 l2* 110 120 290 JOO 

6096 l.l 46 611() 410 llOO 11 Oil 

80 1.0 18• 200 110 110 l'lO 

6011 8.l )]() 1200 1100 2100 :noo 

604S 1.0 9.0 ISO 120 210 2110 

6l08 4.l 41 210 S20 710 no 

6061 4.l 19 620 S20 1100 11110 

S:tS l.O S.6 lSO 120 470 /1 llll 

914 6.l L!O I 'JOO 760 21011 noo 

t.0611 6.l 60 610 1120 ISOO 11>110 

61116 l.l ]!)• ]')O 400 1100 l:lllO 

PRIVACY ACT MATERIAL REMOVED 
\ 



• • 

_,,-... 

PRIVACY ACT MATERIAL REMOVED 

INlllVlllUAI. 0081H£'fllY DAU FOil lllKIHIANS (Cont 'J) 

!*Os.- ' 90y 
111c. • in • .._ 11011" H•r1·ow Net £atecn•I Total Body 

lloee 1!•111 iv. Do•to !<tuiv, floH Equiv. Doae £•1u iv. 
ltoeidence lludnK ' Pod lludn1 ' Poat Dud1111 ll"•idomce llud 111 ' Poet 

ID lllll!l"Vd lie" i ,1.,11.:e Int, llo!•idcnco: Int. l11t.,rvel Ile• i J.,nce Int. 
Ha1M1 ~ ··- ---~-- alka ...... a1Rc• 

602S l.1 19• <JOO 400 1)00 

6064 7.l 116* 400 900 1100 

602) ". l 11* 990 S60 uoo 

6111 6.1 110• 9SO 820 1800 

6011 6.) 1/0 s~ 1120 1400 

6081 ,91 12* 490 120 610 . 
6111 7.l llO* 1900 9)() 21100 

6048 .SS 6.S* S90 12 660 

*l"ht:- valut:• wert: dedvtod fr- avec•g" a•le oc avo:c•ge ft:••I• J•lly •cthity ingtodion c•lt:• foe Sc-90. 

PRIVACY ACT MATERIAL REMOVED 

Tor•I llone Hacrow 
Do•e £11uiv. fludllll 
and Po•r Rto•idtnc" 

lnt.,cval 
.. 11., .. 

llOO 

1400 

1600 

I !*00 

lbOO 

620 

1000 

610 



Tab le 4:. 
PRIVACY ACT MATERIAL REMOVED 

1973 
137 

Cs 3odv 3urden of Sikinians Ordered bv P'amily Grou::i 

Status of 
Rank ~edical ID WATO Familv ~ember Bodv 3urden 'i<.Bo 

l 6018 unknown H 220.0 
6061 w 82.0 
6094 C(F) 75. 0 
6092 C(F) 83.0 

2 966 H 210.0 
934 w 200.0 

6016 C(M) 53.0 
6044 C(F) 43.0 

3 6017 H 210.0 
6034 w 140.0 
6009 C(M) 47.0 

4 6070 unknown H 150.0 
6035 w 100.0 

5 6033 unknown H 140.0 
6058 w 77 .o 

6 6126 unknown H 120.0 
6050 w 50. 0 
6132 C(X) 68.0 
6038 C(F) 37.0 
6049 C(~) 63.0 
6013 C(M) 37.0 

7 864 H 110.0 
865 w 49.0 

6119 C(M) 79.0 
6133 C(M) 78. 0 
6028 C(F) 47.0 
6091 C(F) 43.0 
6090 C( ) 

8 6068 H 110. 0 
6112 w 65.0 
6118 C(M) 23 .o 

9 6117 H 99.0 
6063 w 56.0 

10 6125 H 93.0 
6062 w 53.0 

I 
' ' 

PRIVACY ACT MATERIAL REMOVED 



Table ~2 Cco~c'a) 
PRIVACY ACT MATERIAL REMOVED 

Status of 
Rank ~edical ID WATO Fami 1 v ~ember Bodv Burden kBq -

11 6003 H 90.0 
6097 w 47.0 

12 863 H 87.0 
6113 w 38 .o 
6025 C(F) 38.0 

13 6073 H 80 .o 
6051 w 53.0 

14 6005 H 77 .o 
6046 w 78.0 
6014 C(M) 56.0 

15 6008 unknown H 72.0 
6108 w 27.0 
6027 C(F) 43.0 

16 6128 H 69.0 
6131 C(M) 63.0 
6011 C(M) 31.0 

17 6072 unknown H 65.0 
6059 w 32.0 

18 6001 unknown H 64.0 
6122 w 49.0 
6076 C(M) 130 .o 

19 6071 unknown H 64. 0 
6111 w 49.0 
6081 C(F) 38.0 

20 813 H 62.0 
6065 w 39.0 

21 6007 unknown R 55.0 
6114 w 30 .o 
6080 C(F) 20.0 

22 6130 H 54.0 
6098 w 33.0 

23 6006 unknown H 54.0 

~ 
PRIVACY ACT MATERIAL REMOVED 



Table 42 (Cont'd) PRIVACY ACT MATERIAL REMOVED 

~ 
+ 

Status of 
Rank ~edical tD WAT() Fami 1 v ~fe!:lber Bod•1 Burden kEq 

24 6004 unknown H 49.0 
6036 w 57 .o 
6042 C(M) 39.0 

25 6069 H 43.0 
6064 w 34.0 
6103 C(F) 52.0 

26 80 H 42.0 
525 w 87.0 

6048 C(F) 76.'0 
6012 C(M) 47.0 

27 6019 H 38.0 
6123 w 52.0 
6065 C(F) 39.0 
6023 C(M) 47.0 

28 6066 H 30.0 
6060 '.,./ 51.0 

Z9 6110 w 56.0 
6127 C(M) 27.0 
6010 C(F) 52.0 

, 

PRIVACY ACT MATERIP.L REMOVED 

., 

J 
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