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13/cs, Four persons visited Argonne from Rongelap and, in addition, pooled

urine samples from both atolls were analyzed radiochemically for 1376, and

Oe, Subsequent Brookhaven National Laboratory expeditions by the Medical

Department and Safety and Environmental Protection Division utilized whole

body counting and radiochemical analysis of urine and blood samples to identify

and quantify the radionuclides that were present in the body. The results

of these radiological measurements are given in terms of body burden in tables

Ll and 2,

The aforementioned body burden tables illustrate adult mean values for

Rougelap and Utirik. An adult, as classified here, was a person over 16 years

of age. The mean body mass in this age interval was 60 kilograms. The observed

body mass versus age distribution is shown in figure 1 for Rongelap residents.

The same body mass versus age distribution was observed at Utirik.

6055, 8575
Due to the paucity of measurements at Utirik, information on

55 . . . .
and ““Fe was in some instances derived from the ratio of adult mean body burdens

between Rongelap and Utirik. A mean ratio of 2.6 was observed in body burdens

for 6570, 90 137
Sr and Cs after they reached their maximum values. The standard

deviation of this ratio was 15%.

In the following analysis, personal body burden histories and residence in-

tervals, in conjunction with contemporary dosimetric models, are used to esti-

mate internal dose. Dosimetric distributions were constructed from the results

and a summary of the derived activity ingestion rates and dose equivalents was

provided for various subgroups of the population. Additionally, exposure rate

history curves were constructed for each atoll for the period following the

BRAVO test. These data, together with appropriate conversion factors and living

patt:rn models, provided an estimate of external dose equivalent.
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METHODS

DOSI tETRIC EQUATIONS

Declining continuous uptake of radioactive dietary items was mathemati-

call modeled for each nuclide of concern. The following general equations were

 

 

 

 

used

o ,L Po =() 4K, et
ype w UU Ue/fu- a GRe AD)

X.K -(\+Kp)t -(A+K, de (1)
f, (s *iti Ce E’" -e i’)

i K-KE

Ly! —-OA+K.)e
Ap? = q-q° (i Xie i) » and

- - . (2)E Xi (e Qa+Kgt _ (A+Kj)t))
1 (2 py
ii o£

be ERP : (Kixke -(A4K;) en (AtKgit + (A+Kg) aw)

| . Ki-K (KU+A) (K. +A)
1 1 E E 1

'

X. -(A 4K; et
+q° = car fire i), (3)

i i

where

t = time post onset of uptake, days, .

X = instantaneous fraction of atoma decaying per unit time, day!

P° = initial atom ingestion rate, atoms day~!,

Kj = instantaneous fraction of atoms removed from compartment i by physiological

mechanisms, day~!,

Xj; = compartment i deposition fraction,

‘

Xs = the number of atoms in compartment i relative to the number in all compart-

ments at the onset of uptake (t=0),

U = instantaneous urine activity concentration, Bg gol,

U_ = subject urine excretion rate, & day~!,



traction from GI tract to blood,Wt

f = fraction excreted by the urine pathway,

Kg = instantaneous fraction of atoms removed or added to the atom uptake per

unit time, day~!,

q = instantaneous body burden, Bq,

q° = body burden at the onset of uptake, Bq,

D = the number of disintegrations in all compartments occurring during the

uptake interval, Bq days.

Equations 1 and 2 were used to determine the dietary removal rate

constant Ke and then the initial daily activity ingestion rate required to pro-

duce the measured or derived body burden. Equation 3 was used to determine the

number of disintegrations that occurred in the body during the residence inter-

val of an individual living on Rongelap or Utirik Atoll.

DETERMINATION OF Ke

If the mean residence time in the diet is much much longer than the resi-

dence interval, then constant continuous uptake is achieved. Equations 1 and 2

can be converted to the constant continuous equations by replacing KR, with -i.

Single uptake expressions are obtained by setting P® equal to zero, In some

cases only radioactive decay may remove the nuclide from dietary items; for

these cases Kp would equal zero. In the case of the former Bikini residents,

the maturing of coconut trees during regidence on Bikini Atoll caused a

continuously increasing dietary uptake of 13766, Thus, Ky was found to have a

negative value. In the case of Rongelap and Utirik, Ke was found to have a posi-

137, 65 60 90
tive value for 8; Zn, Co and Sr. This indicated that in addition to

radioactive decay, some other removal mechanism decreased the radioactivity in



   

d ary ilems during the residence interval. For the nuclide 95Fe, only one me.

st.1,ment in blood was published by the BNL Medical Program (Be72); thus an estt-

‘ite: OF Ky, was not possible.

Ke was determined by using equation 1 or 2 and the population subgroup

ne as. body burdens or urine activity concentrations. A portion of these bioassa:

dut. are illustrated for adult males and females in Figures 2, 3, 4, 5 and 6.

Two conse. .tive urine or body burden data points were used to eliminate the un-

known ing: tion rate from the equation. This method yields n-I estimates of Kp,

where nm wa. the number of data points. An average value of K, was assigned for

each nuclide and the results for the Rongelap and Utirik populations are given

in Table 3. For the evaluation of K, from equations 1 and 2, radiological and

physiological parameters were obtained from the open literature (ICRP59, ICRP68

ICRP69, ICRP79, Ki78). A representative sample of these parameters is presente

 

 

 

 

 

Lit Table 4,

Table 3

_. Summary of Dietary Rate Constants (Kee a)

60,, 90, 65, 1374,

Rongelap Adults

Males 1.5x1072 1.8x10° 3.1x107> 1.4x107"

Females 1.6x107> 41x10" 3. 5x1077 1.4x1074

____ Adults 1.5x107> _1.9x107* 3.1x10> 1.4x10-%
Utirik Adults

-4 —-4
Males N.D. 4.6x10 N.D. 1.4x10

Females N.D. 4.0x10¢ N.D. 1.4x107°

_Adults N.D. 4.2x1074 N.D. 14x10"

N.D. = No data sufficient for analysis.
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The values of KE were similar for males and females and for residents of

Rongelap and Utirik. For 90Sr on Rongelap a factor of 2 difference between Ke

values was observed for males and females. The female parameter for Rongelap

Atoll compares with that obtained from the Utirik data. A paired t-test of the

Rongelap male and female data indicates that the male/female difference was

highly probable and therefore not significant. This difference leads to a

bimodal activity ingestion rate distribution for 90. in the Rongelap popula-

tion.

Data for 600, and 8520 was not sufficient for analysis for the Utirik

Atoll residents. Values for Ky observed at Rongelap were assigned to Utirik

males and females and body burden histories for population subgroups were

reconstructed using equation 1 or 2. Figures 7 and 8 illustrate the derived

mean adult body burdens for all significant nuclides studied on Rongelap and

Utirik. This method provides a best fit of the data shown in figures 2 through

6, and provides a body burden history during the early years post return at

Utirik, a time when body burden measurements were not made. Actual data points

are also plotted to demonstrate the fit.

The curves shown for Fe in figures 7 and 8 were obtained by setting K,

equal to zero. This underestimated the initial body burdens and overestimated fu-

ture ones. Since Fe contributed less than 1.0% to the total dose equivalent

an arbitrary assignment of K, based on observed values for the other nuclides

was not attempted. During 1974, another series of blood samples was obtained

from Rongelap and Utirik (Co75). Analysis for re was to be performed; how-

ever, no records have been located. Once these records are found, a reanalysis

of >> Fe and its impact on early dose equivalent rates will be conducted. A sub-

stantial change in dose equivalent is not to be expected.



. . . . . 90
Figure 4 and figure 6 illustrate the observed adult histories of Sr and

137 . . .
Cs mean urine activity concentrations. Mean values for adult males or all

13764 body burdens were also shown inadults were plotted. Measured values for

figure 7. A much smoother curve was plotted in figure 7 and it was determined

that the collection and analysis technique for urine samples introduced the addi-

137
tional variations. Based on this observation for Cs, a smooth body burden

curve for 906,, reconstructed from raw data and equation 1, was considered a

more accurate history. A detailed presentation of the greater variation in

urine bioassay measurements versus direct body burden measurements can be found

in Mi8l.

Figure 9 illustrates the variation exhibited in the body burden of 5

randomly chosen subjects over the 25 year monitoring period. These individual

variations may have had a dramatic impact on the mean data. In figure 2, which

illustrates the adult male, adult female and adult population mean 13704 body

burden for the 25 year exposure period, a decrease followed by an increase was

seen during the years 1958 through 1963. Although the Castle BRAVO test ini-

tially contaminated Rongelap, it had been proprosed that the Hardtack Phase I se-

ries added to this an amount of contamination equal to that responsible for the

figure 2 body burden pattern (Co63). Figure 9 suggests that most individuals

counted in those years had maintained or declined in body burden; however, one

individual's burden (#881 M) rose and fell quite differently from theothers.

Several factors could have contributed to this variation from the mean such as

departure and return to the atoll, sickness, the dietary contribution of

imported foods, etc.. Since the mean vaiues 2cre based on small numbers of per-

sons who were chosen at random, it is conceivable that individuals like 881 M

10



influenced the mean body burdens to a greater degree than recontamination of the

inhabited atolls. This conclusion is moot since the body burden of an individ-

ual was not monitored consistently throughout the residence interval except in

the few cases exhibited in figure 9.

ll



RESULTS AND DISCUSSION

DAILY ACT] vVitY INGESTION RATES

Daily activity ingestion rates were calculated for dosimetrically signifi-

cant nucli:s post return. An exponential decline was proposed for the inges-

tion rate within a population subgroup and initial reference values are given in

figures 1G, 11, 12, 13 and 14 (Jume 1, 1957 was assigned as a return date to

Rongelap). Figure 10 demonstrates the difference in ingestion of 1370, for vari-

137, 90
ous population subgroups. This undulating pattern was exhibited by S, Sr

and 6374, auclides for which sufficient data existed for analysis.

Differences in ingestion rates of the stable element at the same geo-

graphic location have been shown to occur among members of a population (ICRP

23). Age dependent diet studies for ingestion of Cs for urban Japan have values

varying from 1] wg al for adults to 8.6 pg a? for children. Sr in a western-

type diet ruse from 600 lig a? for infants to 690 Ug a for 5 year olds to

3,600 Hg a! for 13 year olds and fell to a mean of 1,900 lg a? for adults. Zn

in the United Kingdom rose from 2 to 40 mg al, the higher value of Zn being

observed in adult tea drinkers. Fe ingestion in a western-type diet has a mini-

mum at age 3 and maximums at ages 1 and 20 years. Co is ingested at a rate of

20 Lg a for Japanese adults and half this amount for children. The

Marshallese population also exhibits dietary changes as a function of age. The

authors of the Marshall Islands Diet and Living Pattern Study (Na80) observed co-

conut sap being used as a major food supplement for infants, and later in adult

life as a major source of daily fluid intake. Since coconuts and coconut tree

Sap provided the major source of 1370, on Bikini Atoll (Le80, Mi80), the shape

of Figure 10 was in agreement with the observed diet pattern.

12



Figure 11 compiled the individual data calculated for 1!37¢s for all

Rongelap :esidents and was referenced to June 1, 1957. The individual maximum

13705 daily activity ingestion rate was approximately 4 times the population

mean value. The standard deviation observed for the adult activity ingestion

rate distiibution was 41% of the mean value, 39% of the mean value for young

adults, 48% for adolescents, 38% for children and 54% for infants. Adolescents

and infants exhibited a broader distribution than adults while children showed

a fractional variation in activity ingestion rate similar to adults. Breast

feeding versus coconut sap supplements would have contributed to the greater

varia.‘on observed in infants. Adolescents and young adults were the population

subgr “ips which have been observed to move frequently between atolls. This mo-

bility would lead to greater variations in the daily activity ingestion rates

relat‘ ve to those observed in the more stationary population subgroups.

Figure 12 also exhibited a wave pattern; however, a distinct difference be-

tween males and females was indicated. This difference arose from the use of di-

etary rate constants Listed in Table 3 which were derived from urine data for

maie and female residents at Rongelap Atoll. Its major impact was on the dose

equivalent rate, not on the total dose equivalent; and its effect was to cause

the dose equivalent rate for males to rise and decline more rapidly than for

females.

Figures 13a and 136 summarize the individual data for 905, for all

Rongelap residents and were referenced to June 1, 1957. A bimodal shape was

observed for the distributions which contained both sexes thus reflecting the

difference in the 904, dietary rate constants. Data from urine bioassay

indicated that the observed difference between the male and female value for Ke

was ~>t significant. A t-test was peformed between consecutive urine measure-

13



ment data during the twenty-three year residence interval. The results indicate

that because of urine activity concentration variability, a probability of 6 out

of 10 existed such that the male value for Ke would be different from the female

value by the factor observed. Thus differences in the derived activity inges-—

tion rates and dose equivalents were not significant.

Figure 14 shows a semi-log plot of the 6°74 and 1370, activity ingestion

rate histories for adults on Rongelap. A smooth curve was drawn between points

and the appearance of an increasing 13%¢, ingestion rate during the 1960's indi-

cates the possibility of another contaminating event. The Hardtack Phase I se~

ries was conducted just prior to the observed increase in the curve and fallout

from the Cactus, Yellow Wood and Hickory experiments detonated at Bikini and

Enewetak would have reached Rongelap. However, several observations fail to sup-

port the conclusion that recontamination was siynificant. These are as follows:

1371) the increase in Cs ingestion rate was not in conjunction with an increase

of 65745 however, since 6578 is an activation product it may have not been

produced in the same proportions 2) the peak 13766 body burden at Utirik

occur red nearly three years after the initiating event, Castle BRAVO, while the

peak body burden at Rongelap followed six years after the potentially

contaminating experiments of the Hardtack series in 1958 3) the activity inges-

tion rate at Utirik demonstrated a continuously declining pattern versus the

humped pattern observed at Rongelap. This occurred even though there was an

equal external exposure rate history following the Hardtack series ag measured

by the U.S. Public Health Service on both Rongelap and Utirik (Un 59). These

facts suggest that the Hardtack series was not a major factor influencing the

Rongelap body burden patterns. Thus it is assumed that persons who had body

burdens significantly different from the mean body burden for the population

14



caused th « tent of variation reported. Based on these observations a smooth

descripti:n -{ the body burden and activity ingestion rate was adopted and a

declining cv .tinuous uptake model was used to generate the curves in figures 7

and 8.
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INTERNAL VOSE EQUIVALENT RATES

The approximate instantancous dose equivalent rates for the total body

were dete mined from the body burden data illustrated in figures 7 and 8 and

from the 1ollowing equation

H=qtTI, (4)

where

H the t tal body dose equivalent rate, mRem yl,

"i
W

I equilibrium dose equivalent rate to the total body per unit body burden,

mRem y~! pci-!,

q = instanteous body burden, UCi.

The approximate nature of the estimate was due to the assumption that the

radioactive atoms were distributed among the body tissues as they would be fol-

lowing constant continuous uptake for periods of time much greater than the mean

residence time for the total body. In the case of 905, 86% of equilibrium was

assumed. These assumptions were not used in the estimate of the total dose

equivalent. In addition, since mean adult body burdens were computed, a factor

of 1.2 was needed to adjust for differences in body mass relative to a 70 kg

adult. Table 5 lists values of I which were determined from information given

in ICRP59 and corrected for body mass differences.

Figure 15 illustrates the relative contribution to the composite dose

equivalent rate for each dosimetrically significant internally deposited nu-

clide. For the average Rongelap adult, the residence interval begins June l,

1957; however, many adults were reported to have resettled during the next 3-6

months (Co80b). The composite dose equivalent rate indicated that a broad

16



Table 5

Total Body Equilibrium

Dose Equivalent Rate per
ox Unit Total Body Burden,

mRem y~! pci-!

9356 2 x 10°
26

600, 6 x 102
27

6508 1 x 107
30

90¢, 3 x 107
38

137o6 2x 107
55

maximum of approximately several hundred millirem per year persisted for several

hundred da’s. The majority of the dose rate is attributable to the 137, 8

component. Cesium dominated over the entire post return period and would be of

prime concern for populations returning to a contaminated environment years

after a fission-type initiating event.

Figuce 16 illustrates two possibilities for the Utirik body burden history

during the first three years post return. The higher body burden resulted from

use of the two measured 6520 body burden means for adults on Utirik and the

observed dietary rate constant from Rongelap. [It was observed on Rongelap that

031% of 6 on was removed from the diet pathway each day in addition to

radioaccive decay. Additionally, reduction in dietary radioactivity on Rongelap

137, 90had been ubserved for S, Sr .and 6005 to be greater than that predicted by

radioactive decay alone. Instantaneous reduction fractions very similar to

17



Ronge lap were observed at Utirik for the 90Sr and 137Cs nuclides. The lower

curve on Fiyure 16 reflects the dose equivalent, dose equivalent rate and body

burden which would have occurred had radioactive decay alone accounted for the

removal ot! 0°25 from the Utirik environment. Since additional mechanisms could

6505 nuclide on a nearbybe measured for othe: nuclides at Utirik and for the

atoll, th: upper cur ‘e was chosen as the most likely body burden history for

adults post return tu Utirik Atoll.

Figure 17 indi: ates the Utirik adult mean total body dose equivalent rate

for each nuclide. Au obvious difference relative to the Rongelap history

exists, 6520 not 137 was the major nuclide contributing to the dose equivalent

rate. This was due to the Utirik population returning 4 months after the ini-

tial contaminating event, and the Rongelap population returning after 3 years.

The age of the fallout had a dramatic influence on the importance of each nu-

clide contributing to the internal dose equivalent. In fact 606, and 6525

played major roles during the first 3 years, a time interval that corresponded

to the period during which field whole body counting facilities were being

developed at Brookhaven National Laboratory and when medical examinations for

people on Utirik Atoll were not done. Additionally, pooled and/or individual

radiochemical analysis of urine was not performed during this period. The

impact of 6520 and 60, was such that even if the least conservative dietary

rate constant (K,,=0) was used for Zn, the dose equivalent rate for the average

adult was in excess of Federal Radiation Council Guidelines for the first

2 years following the return to Utirik.

18



INTERNAL DiSt EQUIVALENTS

Disi itegrations occurring in the total body of an individual during resi-

dence following repatriation were determined by several methods. Equation 3, to-

gether with personal body burden histories and atoll-specific dietary rate con~

stants from table 3, provided an initial estimate of disintegrations between con-

secutive body burden measurements. The second method used was a log-log plot of

the subject's body burden history and an algebraic determination of area between

two consecutive measured points. The third method used a linear plot of the

subject's body burden history. The area under the curve was cut and weighed and

compared to a standard weight of known area. Quality control procedures

required that all three methods agree within +10% before a subject was assigned

his or her total body disintegrations during residence post return. In general,

the methods compared to within +52.

After the total number of disintegrations occurring in a subjects body

were assigned, they were apportioned among the body organs according to the fol-

lowing equation

 

= z
! d

5
Zep. (7a,B, + 1n2/d)
iiiiii

where

F = the fraction of total body disintegrations occurring in the organ of

interest,

A; = organ compartment deposition fraction for the element,

B = organ compartment biological half time for the element,

19



Cc; = total body compartment deposition fraction for the element,

D. = total body compartment biological half time for the element,

'

fo = fraction of the element from blood to organ of reference.

Equation 5 applied where significant decay occurred at the deposition

site, and not during transit or re~transit to the organ of interest. Values for

compartment deposition fractions and compartment half times were obtained from

Ki78. Values for the remaining quantities were from ICRP59.

The dose equivalents to a specific organ or the total body were determined

by using the source to target dose equivalent per unit cumulated activity parame-

ters from Ki78. The total target dose equivalent was obtained by summation of

the dosimetric contributions from all source organs. Several important modifica-

tions to the general procedure were made in order to compute individual

dosimetric results. For each person, the source-to-target dose equivalent per

unit cumulated activity was weighted by the ratio of a standard man's body mass

relative to the actual mean body mags during the interval for which the dose

equivalent was determined. In the case of 13704, the long term biological re-

moval rate constant for the Marshallese population was highly dependent upon

body mass (Mi81). Appropriate modifications to equations 2, 3 and 5 were made

to reflect this dependency. Finally, for 905, deposition in bone, 28% of the

source to target dose equivalent per unit cumulated activity was assumed from

cancellous bone and 72% from cortical bone.

137, for various ageFigure 18 demonstrates the mean dose equivalent from

and sex groupings. The residence interval was from 1957 to 1980 for this popula-

tion. The adolescents and persons above 50 years of age in 1957 maintained the

lowest dose equivalent. Persons who died during this period were not included

20



in the tigure nor were they included in any dosimetric distributions for any of

the tuclides. Thus all persons considered, regardless of initial age in 1957,

experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for

137 . . . :
Cs: awong the Rongelapese. The shape or the population distribution was

Pois:on with a mean of 1.7 Rem and a maximum of 9.0 Rem. Thus the maximum was

137¢, on Rongelap. An examination of the subgroup5.3 (imes che mean value for

distributions reveals that persons who were infants at the time of rehabitation

at Rong: lap also were the recipients of the higher doses. This was due to the

combined effects of lower average body mass, a higher average ingestion rate and

137¢, than that for adults or even children. The parame-more rapid turnover of

ter having the greatest impact on the infant dose equivalent was body mass. The

standard deviation for the adult males distribution was 49% of the mean dose

equivalent, for adult females 43% of the mean dose equivalent, and for adoles-

cents 47%. Within a subgroup, the maximum observed dose equivalent was approxi-

mately twice the mean value for all distributions considered here.

Figure 20 evinces mean dose equivalents as a function of returning age

groups for 6570 on Rongelap. Adolescents, young adults and adults 50 and up

were the groups receiving lower total dose equivalents, while children and mid-

dle aged persons received higher dose equivalents during the residence interval.

Measured 6500 data for persons who were infants at the return date were not

reported in the publications by Conard, et al.

Figure 21 shows the dosimetric distributions observed for members of the

Rongelap population for O57. Again the population overall exhibited a Poisson

distribution of dose with a maximum value nearly three times the mean. Children

demonstrated higher doses than persons who were adults during the entire 23 year
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period. fie standard deviation was in general 30% of the mean value for all age

and sex subgroup distributions. This less pronounced variation may be due to

65 . .
the fact that Zn measurements took place over a three year interval while

137, . . .
and Cs occurred over a 23 year interval and thus was contained in a more

homogeneous population than were the longer lived nuclides.

. . . 90 .
Figures 22 and 23a and 23b summarize the Sr dose equivalent results

individuals at Rongelap.

In this analysis only the ingestion pathway was considered important.

90,

for

Al~

though some radioactivity would enter the body via resuspension and direct inha~

lation pathways, it is known that the ratios of food and fluid intake to blood

relative to airborne intake to blood, for the stable naturally occurring analogs

to the radionuclides considered here, are as follows:

Co > 3000 Zn > 130

Fe 550 Sr > 10,000

Cs 400
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EXTERNAL <XPOSURE

A vilue of .73 Rads in tissue of interest per Roentgen measured in air at

one meter aiove the surface was used to convert exposure in air to absorbed dose

in tissue. The source was assumed to be an exponential distribution of 13766 acy

tivity with depth in soil, typical of aged fallout (Be70). Because of the

multidirectional nature of the source, variation of absorbed dose with depth of

organ was minimal. Additionally, external doses were adjusted for living pat-

tern variations since the atolls present a heterogeneous exposure rate environ-

ment (Gr77).

External exposure calculations are based on figures 24, 25 and 26 which

were derived from data listed in Cr56, Sh57, Un59, and Gr77. The area under

straight line portions of the curve was determined by

ye te A, (6)
n+l

where

X = external exposure during straight line interval, mR,

Ry = exposure rate at the end of the interval, arn,

Ry = exposure rate at the beginning of the interval, mkh!,

ty = time ,;sc detonation at the end of interval, hours,

ty = tine )osc detonation at the beginning >< interval, hours,

n = slope of a straight Line.

Data fr... 1] detonations during May, June and July of 1958 (Sh57) indicated a

nean ial out deposition exponent of 18.*. This mean value was observed at

Utiri':, Kon; lap, Parry and Wotho and applied to early time post detonation of

23



BRAVO to ubtuin the initial increasing exposure rate history evinced on figures

24 and 26. this method yielded a fallout deposition period of 5.5 hours on

Rongelap anu 12 hours on Utirik. This time compares well with the original ob~

servations i.:ported by the Marshallese and by U.S. Navy personnel stationed in

the area (S157). Initial dose equivalents on "acute doses" are developed in

greater detail in another report.

Figure 25 demonstrates the external exposure following the 1958 testing se-

ries. Since return to Rongelap followed 3 years after the BRAVO contamination,

this series contributed in large part to the external exposure post return.
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SUMMARY

The Castle BRAVO shot of March 1954 caused the contamination of the

inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50

hours after detonation and from Utirik 55 hours after detonation. During June

of 1954 and June of 1957 the return of the Utirikese and Rongelapese occurred re-

spectively. Body burden data for dosimetrically significant nuclides was

obtained throughout the cesidence interval post return primarily by direct in

vivo gamma spectroscopy and by indirect bioassay techniques.

The dosimetric models used in this analysis were representative of a

declining continuous uptake regime. Dietary decline of radioactivity included

radioactive decay of the source and a conglomerate of other factors which might

have included increased use of imported foods and weathering of the source. Di-

etary loss rate constants were estimated from sequential body burden data and

were comparable for both atolls.

Variation in body burden history data for a particular nuclide on a partic-—

ular atoll was observed in whole body counting data and urine bioassay results.

This was attributed principally to the statistical variation encountered when

small groups are sampled from a heterogeneous group of body burdens in people

and in the case of urine bioassay, additional variation was introduced during

the laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children and adults between 20-40 years of

age ingested more activity each day than did adolescents and persons greater

than 40 years of age. Maximum deviation from the average value of the daily ac-

tivity ingestion rate for members of an age sub-group was no greater than a fac-
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tor of 3. However, the population distributions illustrated a maximum factor of

> times th: mean activity ingestion rate value.

Dose equivalent rates post return were determined for members from both

atolls. For Rongelap Atoll, the residents received approximately 100-200 mRem

per year during the first 5000 days post return from internal emitters. The

13265. For Utirik Atoll, the residentsprinciple contributing nuclide was

received !0-15 Rem per year during the first 400 days post return. The major

contributing nuclides were 6525 and 6004. Dose equivalent rates to the

Utirikese from internal emitters fell below 500 mRem per year at approximately

1200 days post return.

The dose equivalent for population sub-groups and for individuals was de-

termined. Table 6 summarizes the results for the total body, thyroid, red mar~

row, testes, ovaries, lower large intestine wall and the liver. The catenary

compartment model of Bernard and Hayes (Ber70) was used to determine doses to

various segments of the gastrointestinal tract. The Utirikese received

. oa. oe 65 60 55 .
significantly more radiation dose from “Zn, Co, and Fe than did the

Rongalapese due to the short mean residence times of these nuclides in the envi-

90 . 137
ronment. Sr doses to the Rongalapese were 2.5 time greater and Ca doses

1.5 times greater than doses received by persons at Utirik. This occured even

though Utirik residents returned to their atoll 3 years earlier and it reflects

the degree to which Utirik was less contaminated than Rongelap.

26



Nuclide

90...

336

1370,

6045

6555

Total

Internal

Net

Exterral

Total

Nuclide

90,

Re

137,

690,

655,

Net

Internal

Net

External

Total

Table

Chronic P

6

hase

Dose Equivalent Summary, Rem
 

Utirik

Adults
 

0118

-0329

1.13

-507

12.5

14.2

3.19

17.4

Red Marrow

Utirik

Adults

- 0537

. 0603

1.70

-629

17.2

19.6

3.19

22.8

Total Body

Rongela

Adults

- 0267

- 0230

1.71

0143

0757

1.85

2.02

3.87

Rongelap
Adults

123

0422

2.57

-0177

. 103

2.86

2.02

4.88

27

Thyroid
P Utirik Ronge lap

Adults Adults

.000749 -00169

0594 0415

1.55 2.35

-359 0101

11.1 0672

13.1 2.47

3.19 2.02

16.3 4.49

Testes—-Ovaries
Utirik Rongelap
Adults Adults

.000749-.000749 -00169-.00169

.0583-.0620 -0736-. 0433

1.54-1.74 2.33-2.63

-443-1.78 0.12-.0502

11.3-16.3 - 0685-.0988

13.3-19.9 2.49-2.82

3.19 2.02 \

16,5-23.1 4.51-4.84



Nuclide

90...

356

1370,

60.,

657

Total

Internal

Net

External

Total

Table 6 (Cont'd)

Chronic Phase

Dose Equivalent Summary, Rem
 

Lower Large

Intestine Wall

Utirik Rongelap
Adults Adults

225 567

- 0666 .0465

591 895

4.56 .132

15.0 -0910

20.5 1.73

3.19 2.02

23.7 3.75

28

Rongelap
Adults

00152

- 0804

2.74

0223

. 136

2.98

2.02

5.00



Be70

Be 72

Ber 70

Co57

Co59

Co60

Co62

C063

REFERENCES

Bennett, B.G., 1970, "Estimation of Gonadal Absorbed Dose Due to

ronmental Gamma Radiation,” Health Physics, 19, 757.

Beasley, T.M., Held, E.E. and Conard, R.A., 1972, "Iron-55 in Ror

People, Fish and Soils," Health Physics 22: 245-50.

Bernard, R.S. and Hayes, R.L., 1970, Dose to Various Segments of

Castrointestional Tract, Preceedings of a Symposium on Medical

Radionuclides: Radiation Dose and Effects.

Conard, R.A., et al., 1958, “March 1957 Medical Survey of Rongela

Utirik People Three Years After Exposure to Radioactive Fallout,"

brookhaven National Laboratory, Associated Universities, Inc., BN

Conard, R.A., et al., 1959, "Medical Survey of Rongelap People, M

1958, Four Years AFter Exposure to Fallout,” Brookhaven National |

tory, Associated Universities, Inc., BNL 534.

Conard, R.A., et al., 1960, "Medical Survey of Rongelap People Fi

Six Years After Exposure to Fallout (With an Addendum on Vegetati

Brookhaven National Laboratory, Associated Universities, Inc., BN

Conard, R.A., et al., 1962, "Medical Survey of Rongelap People Se

Years After Exposure to Fallout," Brookhaven National Laboratory,

1'Associated Universities, Inc., BNL 727.

Conard, R.A., et al., 1963, "Medical Survey of Rongelap People Ei;
i

Years After Exposure to Fallout," Brookhaven National Laboratory,

Associated Universities, Inc., BNL 780. |
(

|29



Co65d

Co67

Co70

Co75

Co80a

Co80b

Cr56

Conard, R.A., et al., 1965, "Medical Survey of the People of Rongelap

and Utirik Islands Nine and Ten Years After Exposure to Fallout Radia-

tion (March 1963 and March 1964),"" Brookhaven National Laboratory,

Associated Universities, Inc., BNL 908.

Conard, R.A., et al., 1967, "Medical Survey of the People of Rongelap

and Utirik Islands Eleven and Twelve Years After Expousre to Fallout Ra-

diation (March 1965 and March 1966),"" Brookhaven National Laboratory,

Associated Universities, Inc., BNL 50029,

Conird, R.A., et al., 1970, "Medical Survey of the People of Rongelap

and Utirik Islands Thirteen, Fourteen and Fifteen Years After Exposure

to Fallout Radiation (March 1967, March 1968, and March 1969),"

Brookhaven National Laboratory, Associated Universities, Inc., BNL

50220,

Conard, R.A., et al., 1975, “A Twenty-Year Review of Medical Findings

in a Marshallese Populations Accidentally Exposed to Radioactive

Fallout," Brookhaven National Laboratory, Associated Universities,

Inc., BNL 50424.

Conard, R.A., et al., 1980, "A Twenty-Five Year Review of Medical Find-

ings in a Marshallese Population Accidentally Exposed to Radioactive

Fallout," Brookhaven National Laboratory, Associated Universities,

Inc., BNL In Press.

Conard, R.A., Private Communication.

Cronkite, E.P., Bond, V.P., and Dunham, C.L., 1952, "A Report on the

Marshallese and Americans Accidentally Exposed to Radiation from Fall-

out and a Discussion of Radiation Injury in the Human Being," U.S.

Atomic Energy Commission, TID 5358.

30



Gi 72

C:77

ICRP59

ICRP68

ICRP69

ICRP74

ICRP79

Ja64

Glasstone, S., Editor, 1957, "The Effects of Nuclear Weapons," Defense

Atomic Support Agency, Department of Defense.

Greenhouse, N.A., and Miltenberger, R.M., 1977, “External Radiation Sur-

vey and Dose Predictions for Rongelap, Utirik, Rongerik, Ailuk and

Wotje Atolls," Brookhaven National Laboratory, Associated Universities

Inc., BNL.

Recommendations of the International Commission on Radiological Protec-

tion, 1959, ICRP Publication 2, Report of Committee II on Permissible

Dose for Internal Radiation,

Recommendations of the International Commission on Radiological Protec-

tion, 1968, ICRP Publication 10, Report of Committee IV on Evaluation

of Radiation Doses to Body Tissues from Internal Contamination due to

Occupational Exposure.

Recommendations of the International Commission on Radiological Protec-

tion, 1969, ICRP Publication !0A, Report of Committee IV gn the Assess-—

ment of Internal Contamination Resulting from Recurrent or Prolonged

Uptakes.

Recommendations of the International commission on Radiological Protec~

tion, 1974, ICRP Publication 23, Report of the Task Group on Reference

Man.

Recommendations of the International Commission on Radiological Protec-

tion, 1979, ICRP Publication 30, Report of Committee II on Limits for

Intakes of Radionuclides by Workers.

James, R.A., 1964, “Estimate of Radiation Dose to Thyroids of the

Rongelap Children Following the BRAVO Event," University of California,

Lawrence Radiation Laboratory, UCRL-12273.

31



Ki?

Le 80

Mi 80

Mi 81

Na80

8h57

Un59

Xitlough, G.G., Dunning, D.E., Bernard, $.R., Pleasant, J.C., 1978,

"Estimates of Internal Dose Equivalent to 22 Target Organs for

Radionuclides Occurring in Routine Releases from Nuclear Full-Cycle

tacilities,'' NUREG/CR-0150, ORNL/NUREG/TM1 90.

Lessard, E.T., Miltenberger, R.P., and Greenhouse, N.A., 1980, "Dietary

Radioactivity Intake from Bioassay Data: A Model Applied to 1376, In-

take by Bikini Island Residents," Health Physics 38.

Miltenberger, R.P., Greenhouse, N.A. and Lessard, E.T., 1980, "Whole

Body Counting Results from 1974 to 1979 for Bikini Islands Residents,"

Health Physics 38.

60Miltenberger, R.P., Lessard, E.T., and Greenhouse, N.A., i981, Co

and 1370. Long Term Biological Removal Rate Constants for the

Marshallese Population," Health Physics 39.

Naidu, J., Greenhouse, N. and Knight, J., 1980, "Marshall Islands: A

Study of Diet and Living Patterns," Brookhaven National Laboratory, |

Associated Universities, Inc., BNL .

Sharp, R. and Chapman, W., 1957, “Exposure of Marshall Islanders and

American Military Personnel to Fallout," Naval Medical Research Insti-

tute, WT-938.

United States Public Health Service, 1959, "Report of Public Health Ser-

vice Off-Site Radiological Monitoring Data, Operation Hardtack Phase I

1958."

32

  



3S
o

TOTAL BODY MASS,kg
o ©
© O

pA
O

NM
©

  
      

 

|
I

I
t
r

1
1

I
|

|
ae

|
1

I
_

=

=
e@

—

6
—
_
—

-
e

re)
e

e
a

M
A
L
E
S

e
e
e

Q
~

-
-
o
w

Lo
oO

F
E
M
A
L
E
S

71]

=
7

|
l

|
|

|
|

|
[

{
|

|
|

|
|

8
16

2
4

3
2

4
0

4
8

5
6

A
G
E
,
Y
E
A
R
S

F
i
g
.

1
B
o
d
y

M
a
s
s

a
s

a
F
u
n
c
t
i
o
n

o
f

A
g
e

f
o
r

R
e
s
i
d
e
n
t
s

o
f

R
o
n
g
e
l
a
p

A
t
o
l
l

 



MEAN BODY BURDEN, “Ci

1
0
  
 

 

 [
T

T
T

T
Y

I
r

oT
T
y

T

_
M
A
L
E

A
D
U
L
T

|
—

—
-
A
D
U
L
T
M
E
A
N

—
-
-
~
F
E
M
A
L
E
A
D
U
L
T

=

1.OfF-

0.1

0
.
0

{
i
t

t
f

{|
ot
i
f

|
1
0
0

1
0
0
0

lOO000

D
A
Y
S
P
O
S
T

R
E
T
U
R
N

F
i
g
.

3
M
e
a
n

A
d
u
l
t

6
5
7
0

B
o
d
y

B
u
r
d
e
n

H
i
s
t
o
r
y

a
t

R
o
n
g
e
l
a
p

A
t
o
l
l

 



~

90
Sr

UR
IN
E
AC
TI
VI
TY

EX
CR
ET
IO
N

RA
TE
,
Bq

d7
!

 0.50

0.45

0.40

0.35

030

0.25

0.20

0.15

0.10

0.05   

  

 

  

 

 
 

O

DAYS POST RETURN TO RONGELAP

Fig. 5 Mean Adult 905, Urine Activity
Excretion Rate at Rongelap Atoll

Prirrrrrprprpr? bt rr bbb tb bbtei

— x  RONGELAP ADULT MALE 4
EXCRETION RATE |

®
/\
iP pee POPULATION EXCRETION RATE —

4

=

f |

» _RONGELAP ADULT FEMALE Qy 4
EXCRETION RATE |

Pet

1600 3200 4600 6400 8000 9600 11200



a
e
,

 

  
 

a ] T T TT I TT TY T

; ---- 55Fe
r — — |37¢,

_-— 657,
r oo —-- 90s,

ae ~ _..- 60¢9

1°? eeNN
P Me _.% >s

aS. Se
O /7 \ \

4 ly \ \ \

z | 4\

Sio'r \ A
a _— \ A, \ \

> - a_—-+—. a \
2 i a ‘ ™~,. A \ \

Joe em, ° A . ‘

OL , fat
¢

\ 4

PY NN, \  # \ Al
yo NS eAlore ‘a \ \ 3
. NA i

- a)!
P \. \ | 1

‘ en |

LA
| |

No- ane L L
t ’ '

los i l f | | ] 4 l

Oo04 Io3
DAYS POST RETURN

Fig. 7 Composite Nuclide Body Burden History

for Adults at Rongelap Atoll



e
e

 

BODY BURDEN, KBq
©  lo

l
l

|
|

{ 
 

|

0
1638

1369
2
8
3
0

6
7
-
7
2
1
3

8127
273

D
A
Y
S

POST
R
E
T
U
R
N

Fig.
9

I
n
d
i
v
i
d
u
a
l

M
a
l
e

a
n
d

F
e
m
a
l
e

B
o
d
y

B
u
r
d
e
n

H
i
s
t
o
r
i
e
s

R
a
n
d
o
m
l
y

C
h
o
s
e
n

f
r
o
m

t
h
e

R
o
n
g
e
l
a
p

A
t
o
l
l

P
o
p
u
l
a
t
i
o
n



 

 

   
 

 
 

I
T
T
T

1.
-

i
[

f
o
y

_
_
L
_
|

|
_
a

|

~
[
e

_
:

L
T

|@
i

P
o

b
o
w
A
t
e
t
]

a

:
w

°
w
o

w
o

v
t

n
N

o
O

P
T

ys
F
F
o
o
)

a
t
o
t
|

y
oS

|
=

/
lign

I
‘lo$o

O

“
H
S

ie
o
e

|
b
e

—
—
8

P
p
e

o
R

fe
[
I
g

|
[2

o|°
P
a

t
e
r
e
t
e

t
l
,

Q
a

§
©

wo
oO

A
I
N
I
N
O
Z
H

100 200 300 400 $00 600 700 6800Q1260 1400

 

 
  

 

T
T
T

T
T
O
Y

titT
T

7

°
o

“
T
o~~

L
3

y
ooQ

}
o
o

3wQ
O

-
a

e
e
e
e

Q
O

v

o
I

[
°

Zs
m
o
a
n
m
e
O
DN
n

[
9

-
—
—

9
a

Li.
t
o
b
i

f
o
b
.
b
o
a

t
t
J
o
g

Oo
@o

wo
+

]
Oo

o
O

T
O
T
T
T

8

t

a
—
—
F
O

[
K

—
_
—

4

O
o

—
—
-
-
—
|
9
0

|
o

:
4
8w
y

.
cee

e
e
e
L
d

{
[

°
.

[
1
2

L
en
g
e

J
°

l
L
.

8
|

”

|
°

Ss
a
e

e
e
e
e

o
O

[
a[
)

~
“
=
=

10
LS

[
b
a
s
e
n

c
r
a
L
d 

1Or

8:

6

3

A
I
N
I
N
O
A
Y

4S

}L 
(F )

 L
t

°
d
t
i
t
d
t
f

@
wo

+
nN

L
o
k

c
b

oS
i
o

g
t

A
I
N
I
N
D
A
Y
4

r
r
r

T
r
r
r
T
r
e
y
T
M
]

T
I
T
I

LI

 

 

133 200 266 333 400 466 533 600

 

660

o
O

533

CI

400 466333
oth.n

13366

   “
E
O
T
T
T
T
T
b

r
a
g
t
L
E

1260 1400

L

120120 280 420 560 700 840 9800

 

 
 

[
_
_[
|

8L
h
d

t
)
_
)
e

0
wo

+

A
I
N
I
N
O
A
W
S

wat
J

133 200 266 333 400 466 533 600

DAILY ACTIVITY INGESTION RATE , Bq a7!

[Tv] 4

66

 
9

“
Qo

DAILY ACTIVITY INGESTION RATE, Bq a7!

g
o
w

v
o
d

wn
g
a
u

a
o
d

e738
O
n
n

A
O
u
u

O
f

uo
G

g
o
w
n

aJg
o
H

O
G
o
d
e

w
o
su
e

m
t

ht
a
y

o
N

>
a

H
e
w

4
ou

Y
a
4

t
u
n

a
v
e

~~
a

ou
H
o
@

f
y

A
t

V
U

V
e
d

v
w

°
33

n
o
m
a
d

oO
<<

m
™

r
f

o
y

“oN
4
d
Ai
d

a
d
-
s

a
t“
o
n

e
ov

o
R

red
i
u

Ss

(G) Children and (H) Tnfanre(F) Adolescents



F
R
E
Q
U
E
N
C
Y

F
R
E
Q
U
E
N
C
Y

 
 

 

            
  

 

       

 

   

40 1 T T a i v q 1 “yO TFT 40 f “Et t r v Poe F J T i i

- (A) 7 Ft) [ ,
36- +  36b 5

be 7 . 4

32> 4 32h 4
. 4 L 4

28h 4+ 2eb 4

24 — 1 24 r 4

a - _ :

20% 4 207 4

a 4 16k 4

[ 4 L aie

2b 4 12b | 4
i J _ i J

ab 4 ar a z =“

i _

[ 7, OF ||
ae + ae 4

[ Ae } jt] ihoO ee ee L 0 i L a

0 1.2 2.4 3.6 4.8 6.0 7.2 8.4 0 12 2.4 3.6 4.8 60 7.2 8.4

LQ TTT 20 ITT

- (C) 4 (D) 4

18 + 16F 5
Lo a . 4

16 7 16F 4
Le “ L. +

14- + 4b . 4

tare {2 jam _

Jt 1
1Or 4 10 b= -

L 4 5 4

gr “ ae 4

L a cL A

6r 4 6b 4

hem 7 i =

ob 4 ak J

L. L 4

i | | |QO 4 l 1 1 | LL. O° L a. 4 1 iL aa i

0 lO 200 3.0 40 50 60 70 “Oo 12 24 36 48 60 72 484
ACTIVITY INGESTION RATE, Bq a!

Fig. 13a

ACTIVITY INGESTION RATE, 8qd7!

905, Daily Activity
Ingestion Rate for (A Adults
(B) All Residents (C) Infants
and (D) Adolescente on Roneoelan



c
e
e
e

M
E
A
N

D
A
I
L
Y

A
C
T
I
V
I
T
Y

I
N
G
E
S
T
I
O
N
R
A
T
E
,

n
C
i

d7
!

O
O O
 

 

HARDTACK PHASE I
we (DAYS 300-404)

 | | { | l l ! ! J
 

2000 4000 6000 8000 |I0000

DAYS POST RETURN BEGINNING JUNE 1957

Fig. 14 Adult Mean Daily Activity Ingestion

Rate for 13765 and OFon at Rongelap
Referenced to Mid-1957

 



 

  

   

    

   

lor TTT T TTT 7 7 TTI

| PEAK DOSE EQUIVALENT RATE =15 REM/YEAR  _|
DOSE EQUIVALENT = 12.4 REM

oka 4

Kp=3.1x10° 0" |
B (OBSERVED AT RONGELAP) 4

lof PEAK DOSE EQUIVALENT _
L RATE =0.6 REM/YEAR 4

2 DOSE EQUIVALENT: .73 REM
z
lu
OQ _
&
D>
@m

~ 10° 4
a _
qa |

107! 4

io? top yd \ ooo

102 io? io*
DAYS POST RETURN

: 6
Fig. 16 Mean Adult >on Body Burden, Peak

Dose Equivalent Rate and Dose

Equivalent for Utirik Atoll



Rongelap Atoll

Various Mid-1957 Age Groups for
the Interval 1957 to 1980 at

Fig. 18
137

DURING

Cs Mean Dose Equivalent for

l957, years
MEAN AGE OF GROUP

M
E
A
N
D
O
S
E

E
Q
U
I
V
A
L
E
N
T
,

r
e
m

O
Oo

1
O
 

|
{

7
|

T
i

<
—
I
N
F
A
N
T
S

(
O
0
-
4
a
)

2.345

<
—
C
H
I
L
D
R
E
N

(
5
-
1
0
a
)

i
A
D
O
L
E
S
C
E
N
T
S

(1
1-
15
a)

<
-
Y
O
U
N
G
A
D
U
L
T
S

<
—
A
D
U
L
T
S

(
1
6
-
1
9
4
)

.
_
(
2
0
-
3
0
a
)

|
.
A
D
U
L
T
S
(
3
1
-
4
0
a
)

n
D
U
r
s
i
e
e
g
9
)

<
-
A
D
U
L
T
S

(
5
!
-
6
0
a
)

!
1

yt
y
d

y
e

lO

FEMALES

MALES

20

  
T
f

 



{
T
o
a
v

d
e
y
l
a
e
b
u
o
y

F
F

O
8
6
T

O
F

L
S
6
T

T
e
A
t
a
Q
U
T

B
Y
R

aJ
oj

y
s
d
n
o
a
y

a
b
y

L
S
6
I
-
P
I
W

S
s
n
o
T
a
z
e
,

A
o
J

J
Q
u
a
p
e
a
t
n
b
y

s
s
o
g

u
e
a
w

u
z

o
¢

“6
td

S
9

Oo ©

oO

MEAN DOSE EQUIVALENT, m rem

 TOT TT TFT |

CHILDREN(5-10a)
__.

ADOLESCENTS
-(11- 15a)
<— YOUNG ADULTS

(16-19a)

k~ADULTS (20-30a)

ADULTS(31-40aq)

ADULTS (41-50a)

ADULTS (50 - UP)

 

t

 



e
e
,

t
a
n
s
,

>

E
®

om

E

im 104
©
OQ

>

a)

©
@m

J

I
_

Oo

Fr |> 10
I
ve

=

10°

 

P
U
T
y
y

r
I

I
Tr
]

r
t
r
d
]

 

TTTTTTT TT TTT TITY | I 4

L
t
i
i
i

!
t

L
i
i
i
i
i
l

 
 

FEMALES

L MALES _

o
— _ oO 4

oO ~ >

oS at OSs

— + I ~ FS 7
= 1 Ww oY a oO _]

L oO ~ FDA _

~ w lw ui << _

= ~ a M wo ” _
. i ke

<= o 32d
Lo re = oOo 22 |

= QO
= © q >

on L tf tutti Lt 4

IO 102
AGE, years

Fig. 22 Age and Sex Grou
Mean Values for Bost
Dose Equivalent for the
Interval 1957 to 1980 at

Rongelap Atoll



F
R
E
Q
U
E
N
C
Y

F
R
E
Q
U
E
N
C
Y

 

      

 

        
 

20 T t tT 7 T v Jv q qT t qT 1 20 t qT qv t T t q q T qT v T

+ (A) 4 L (8) 4
18e 4 BE 4

16r 7 6b

i = — =~

14 4 4b 4

7 4 be 4

l2@e ——— 4 2 4

5 4 L a

ior 4 10k 4

Be 4 BE 4

6r 4 6 4

ae 4+ 4b -

L 4 L 4

2r + 2 4

QO L L L l 0 kL l L 1 i J. \

9 8 f6 24 32 40 48 56 0 8 16 24 32 40 48 56

20 T v F Li T T TT pt v T q 20 q 7 v T T t T qT T TOT q vr

-(C) 4 - (0) 4

t8- “ 18k 4

16h 4 16 5

i4F 4 14b

12 7 lar .

Or + {or +

L. 4 L -

Be 4 ae 4

ie — ‘ond rs ~ ~

a 4 6F bs

4b 4 ae 1

2b 4 ae “

oL i i L i i L L jl. QO neh lL a l L Ll

0 10 20 30 40 50 60 70 0 8 16 24 32 40 48 56

TOTAL BODY DOSE EQUIVALENT, mRem TOTAL BODY DOSE EQUIVALENT, mRem

Fig. 23b nose Equivalent for

(A) Adult Males (B) Adult Females

(C) Adolescents and (D) Young Adults
An RBanoatan



s
n
j
o
e
9

3
s
0
g

A
A
O
A
S
F
Y

B
I
e
Y

e
a
n
s
o
d
x
y

y
e
u
r
a
q
y
x
g

d
e
p
a
s
u
o
y

C
z

°
3
t
y

EXPOSURERATE,mRh7!

2
0
!

 ol

5,oe

T 1|

0.02sinceJuly1,1957

 

LlH+73  

  

1.2H+97Coctus+100hours  

2
0
!

Q

 

Q

 

  

3

 

0.12H+457  

 

0.19H+481Yellowood+100hours

  

9
YU

0.05H+1105  

 

0
!I

Hi

0.4H+1273Hickory+100hours
 

 

cr

 

S
A
L
O
V
I

1
S
O
d

S
Y
H
N
O
H

pO!I

50!T

w

“
G
N
A
O
Y
D
X
O
V
E

I
W
H
Y
N
L
V
N

 

  
r~RXAO-TZO™™mMoooOyY

VWILOL

0

a
d
0
1
S

Vv3auV

0
€
'
l
l
-

9
2
£
°
0
-

9
L
¢
°
O
-

d
t
l

6
2
°
1
-

10°¢e
G
I
l
-

£O0°¢e-
b
e
'
l
-

9
0
¢
°
0

0
1
9
2

6
f
6

O
€

2)
S|C
b
6
21G

r
eZ
e
O
v
v
r

g
2

Os!

y
w
'
3
Y
y
N
S
O
d
x
3

3
N

0.0076H+160848September15,1976

Julyt,2072
  


