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1. Introduction

The purpose of this appendix is to evaluate the potential annua

bone doses for adults and children for the six living patterns considered
in the Enewetak Radiological Survey Report (NVO 140). The bone doses
presented in NvV0O-140 were cal cul ated for mneral bone for adults as
integrated doses for 5-, LO-, 30-, and 70-yr periods. Bone and whole-
body doses to children were not considered separately because in nost
cases the doses predicted for adults are usually a good estimate of the
dose to children. For exanple, the external gamma contributes sinmlarly
to both adults and children. Strontium90 and “37Cs contribute over 95%
of the food-chain dose and there is evidence to show that doses to
children fromingestion of Blcsare usually less than those to adults

13703‘ Doses to children can exceed adul t

Strontium90 differs from
doses; however, the additional dose increnment to children over the first
1to5 yr isnot large and increases the integral 30- and 70-yr doses by
only a few percent. Wth the uncertainties involved in other parts of
the dose assessment, for exanple the actual diet at tine of return, the
differentiation between child and adult integrated doses was not included
in the tables.

Because of the magnitude of some of the 30-yr integral bone doses, it

was decided that annual bone doses should he evaluated to indicate the

living patterns and agricultural situations which are within FRC gui des
for annual bone doses. The nore detail ed assessnent of bone doses is

directed at estimating the dose to the critical cell population at risk
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in bone - the bone marrow - rather than to the entire bone mass, as was
calculated in the original report (NVO 140). In adopting this approach
we are follow ng the recomrendations of the ICRP (ICRP-11) and the approach
of Spiers used by UNSCEAR (22).

The followi ng text considers the information available for estimating
the doses to the fetus, the newborn, and children relative to adults, and
al so the dietary changes which are assuned for children.

2. Dose to Fetus and Newborn Relative to Adults

The sr/ca ratio in the fetus and in nothers' nilk is deternined by

the sr/ca ratio in the maternal blood. sr/ca discrinination across the

placental barrier and across the mamary gland is nearly the sane. 152
fetus or nothers' mlk

In fact, the observed ratio OR aternal bl ood

_ (pci P%sr/g Ca) milk or fetus
~ (pCi FYsr/g Ca) naternal bl oo

Sr/Ca ratio of the fetus or newborn is very sinmlar to that of the

3

(OR d)l's~0.5.l—

Therefore, the

mot hers' mlk.

There is considerable evidence to show that the OR m|k/diet for
human breast mlk is in the range of 0.1 to 0.16.32 The sane observed
ratio exists for the fetus and newborn relative to the adult diet. 1>2
This ratio has been observed directly and can al so be cal cul ated from
data which indicate that the average OR body/diet for adults is 0.25;196
when this is combined with a further discrinmination of approxinately a

factor of 2 across the placental or manmary menbrane, the range of val ues

of 0.1 to 0.16 for mlk or fetus is obtained




As a result, the sr/cCa ratio in the fetus and newborn is approximately
1/8 to 1/10 that of the adult, and the resulting dose to the fetus is |ess

than that to adults.
The dose to a young infant being breast fed will of course also be |ess

than that calculated for adults. The OR body/diet for young infants is

1,4

0.9; that is, the young infant nearly equilibrates with his diet.

However, the nothers' mlk, as discussed previously, has a sr/ca ratio
~ 0.1 that of the adult diet. The OR body/diet then decreases to 0.5 for

a |-year-old and by approximately 3 or 4 years of age has reached the adult

2,b,6
val ue of 0.25. 7 7’

137

Simlar data are available for 0s. Cesium-137 is metabolized and

turned over nore rapidly in pregnant wonen than in nonpregnant monen.7’8
As a result, 137 incorporation in the fetus and the resulting exposure
are less than woul d be expected fromnormal retention times observed for
adults. Experinental data further indicate that for the fetus and for
breast-fed infants the concentration of 137cs and the resul ting dose never

exceeds that of the nother or of other adults.9’lO

1

Therefore, as indicated
inreports by Rundo,9 linuma et al., 0 and Cook and Snyder,11 the dose
calculated for an adult for ~>'Cs is a conservative estinate for the fetus
and the newborn

3. Dose to Children Relative to Adults

137Cs -A consi derabl e body of evidence is available which indicates

that the half-time for 375 in the body is a function of age, with a nore

11-14

rapid turnover for younger ages. The biol ogical half-time appears to




be the order of 10-15 days for 1- to 2-year-old children and increases to
~ 100 days by age 20. It then renmains reasonably constant throughout

adult life. The body mass is less for the younger age groups, and these
two factors tend to offset each other in dose calculations. Doses to
children are generally less than for adults as a result of the conbination
of these two offsetting factors. Wen the relative dietary intake is
included, children receive a lesser dose than adults. Therefore, dose
estimates for adults are usually a conservative estimate for children

9OSr — Reports by Loutit,l5 Bennett,16 and Rivera! indicate that the
9

pCi OSr/g Ca in human bone is greater for ages 1-5 than for ages greater
than 6 yr, including-adults. However, the turnover rate is nuch nore
rapid and the retention time nuch shorter for 90Sr in ages 1-5. The
conmbi nation of these two factors determ nes the bone burden, the annua
dose, and the dose commtnent resulting froma specified ingestion of
Oz For children, these two factors tend to offset each other; the
resulting dose to children, therefore, is not straightforward and is
dependent upon the relative interaction of these two factors.1 Any
conmparison with adults nust therefore take into account the age dependence
of these factors, as well as the difference in dietary intake. The node

6

reported by Bennett 1© is therefore used for estimting the doses to children

4. Dose Mddel s and Di et

O5r — Model s devel oped by I CRP for estimating the bone dose from

i ngest ed 9 are considered to be age invariant.18'20 A recent nodel from

Bennett" does nodel the child separately fromthe adult, and this nodel is

applied for estimatingthe bone doses to children.



The bone-nmarrow dose-rates to children are cal cul ated by conbining
Bennett's nodel for children with the approach devel oped by Spiers21
and used in the UNSCEAR report22 for estimating bone-nmarrow dose from
the mneral or matrix bone dose. The values used for converting D
doses, to bone-marrow and endosteal cell doses, are 0.314 and 0.434
respectively. Bennett's nodel also extrapolates to the adult case and
I's conbined with the Spiers approach for predicting the bone-marrow
doses to adults.

The bone mass is assuned to correlate directly with body mass, and
these data as a function of age are taken fromSpiers.21 These body
masses are based upon average data fromthe U S. popul ation and a factor
of 0.85 was incorporated to account for the smaller size of the
Enewet akese.  The cal ci um concentration in bone (gCa/g bone) as a
function of age is taken from Bennett.16

In calculating the mneral bone dose (Do dose) in NVO 140, the
approach of ICRP18 was followed, using a Q- =1 and n = 5. The doses
calculated fromthis nodel are conpared to the 3-rem/yr guide (ICRP 9)23
for bone for general public. However, in assessing the annual dose to
both children and adults, the bone marrow is taken as the critical organ,

h are used.

and the recommendations in | CRP 112

In this nodel the quality factor is still one (QF = 1), and the *n"
factor is no longer applicable. The bone marrowis considered in the
category of sensitive Dblood-formng organs, and the corresponding dose
guide for such organs is 0.5 rem/yr rather than the 3 rem/yr for

m neral bone.
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Cs — In the dose nodel for , it is assumed that the | oss of

137 ¢s fromthe body can be described as an exponential loss with a

turnover tinme that varies as a function of age.lo—lu

The annual dose

I's calcul ated, always taking into account the residual body burden from
the previous year. Body mass as a function of age is taken fromSpiers.21
Initial dietary intakes are calculated and doses are predicted, based

upon the initial intake and the exponential |oss of 3Tcs in the diet at

a rate equal to the physical half-time of 137

Cs.

Diet — The diet for adults is that listed in the original report
NVO-140. For children fromages 1 through 10, the intake of coconut
mlk and coconut nmeat is doubled to 600 and 200 g/day, respectively.

These two products are the nost likely to be consumed in greater quantity
by children than by adults. The rest of the diet for children is assuned
to be one-half of the adult diet.

At age 10, it is assuned that the child is on the full adult diet.
Frominformation available, this is a conservative assunption in that
children are not usually considered to reach the average adult intake
until age 14 or 15. However, because of the diet changes which occur

at 10 yr (i.e., pandanus, breadfruit, coconut, etc., which becone

available) it is convenient to use this point for adjusting the child to
the adult diet, and if anything, this adjustment produces a slightly

conservative dose estimate for the children due to the high 9OSr cont ent

in the adult diet.




5. Results

The results of the cal culations based upon the nodels described above
and upon the diets listed in NVO 140 and altered for children as previously
di scussed, are listed in Tables 1-8. The data are presented as maxi mum
annual bone-marrow and whol e-body doses. The living patterns are |isted
after Tables 1 and 6 for convenience of reference; they are the sane as
those listed in NVO 140.

The annual doses for external exposure and for food chain exposure

from137

¢s and Csr are calculated for 70 yr, beginning at either age
1 or age 20. The three different conponents contributing to the dose
produce a maximum dose at different tinmes. The external conponent, for
instance, is maximumat 1 yr and decreases thereafter with the physica
hal f-life of l370s and 60C‘o; the effective decay depends on the particul ar
percentage of each isotope in the soil. Strontium90 delivers its maximnmm
dose several years after intake of the nuclide begins. The year of
maxi mum dosage depends upon whether an adult or child is considered and
upon whether or not a diet change is involved at sone point in time. The
dosage fron1l37cs incorporated in man via food chains tends to peak early
and decreases exponentially thereafter. The annual dose is then selected
for the years at which the sumof these three conponents was maxi mm

The maxi mum annual bone-narrow doses are listed in Table 1 for the
case where no restrictions are placed upon the location of agriculture and

source of the diet and no nodifications are nade for external gamma on the

village island. Table 2 lists the results for the case where no restrictions
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are placed upon the diet but where the village island has been nodified
by plow ng and graveling. Living Pattern 1, where the hone island and
agriculture are on southern islands, is the only living pattern for these
two situations where the total bone-marrow doses do not exceed 50% of the
FRC guide; in this instance, it is less by a factor of 5. All other
living patterns lead to an annual dose which for at least 1 yr, and in
most cases several years, exceeds the FRC guide.

The results also indicate that there is not a great deal of difference
between the predicted child and adult maxi num annual doses. This is due
in part to the assumed diets of adults and children and the |arge FOgy
and 237Cs intake via the food chains for such products as pandanus,
breadfruit, coconut, and neat. For coconut mlk and coconut neat, the
children are assumed to have an intake twice that of the adults, but
until age 10 the rest of the dietary intake is assunmed to be one-half
that of the adults.

Table 3 lists the results for the six living patterns when pandanus
and breadfruit are grown on southern islands only. As a result of this
action, three living patterns fall within 50% of the FRC guide — Patterns 1,
2, and 5. Wen pandanus, breadfruit, coconut, and tacca are all confined
to southern islands, then Living Pattern 3 also falls within the guide
(Table 4). If the total diet is confined to the southern islands, then
all living patterns are within FRC guide, and the only variation anong
living patterns is the result of the difference in external exposure for
each of the situations (Table 5). For all the cases where there is a

restriction on the agriculture and diet, it is assuned the village island

will be plowed and gravel ed.




Simlar results for whol e-body exposure for the four different
agricultural situations are presented in Tables 6-10. Wth no
restrictions on the diet, Living Patterns 1, 2, and 5 are under FRC
guides. Therefore, the bone-marrow is the more liniting feature. Wen
the other agricultural conditions are used, the living patterns which

fall below the FRC guide are the sane as those for the bone-nmarrow dose.
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Table 1. Maxi mum annual bonemarrow dose (renj.
No restrictions on diet

Village island unnodified for external gamma

Start January 1974 Start January 1984

Living Pattern  Child." Adult 2 Child b Adul t

1 0. 047 0. 045 0. 047 0.043

2 0.314 0.294 0.282 0.290

3 0.790 0. 760 0. 759 0. 754

4 2. 27 2.15 2.17 2.13

5 0.361 0. 348 0. 333 0. 344

6 1.10 1.04 1.03 1.02
Living Pattern Village island Agriculture Visitation

1 Enewet ak- Parry ALVI N- KEI TH Sout hern 1Is.

2 Enewet ak- Parry KATE- W LMA + LEROY Northern Is.

3 JANET JANET Nort hern Is.

4 BELLE BELLE Northern Is.

5 JANET KATE-WLMA + LEROY Northern Is.

6 JANET ALI CE- | RENE Northern Is.
2 Diet change at 10 yr., i.e., 1984,

b D et change at 10 yr., i.e., 1994,




Table 2. Maxi mum annual bonemarrow dose (ren).
No restrictions on diet

Village island graveled and pl owed

Start January 1974 Start Januarv 1984

Living Pattern  Child Adult @ Child P Adul t

1 0. 047 0. 045 0. 047 0. 043

2 0.314 0. 294 0.282 0.290

3 0.718 0.677 0. 680 0.672

4 2.08 1.92 1.93 1.90

5 0.317 0. 300 0. 285 0. 296

6 1.06 0. 989 0.988 0.977

Table 3. Maxi mum annual bonenarrow dose (rem.
Pandanus and breadfruit from southern islands

Village island graveled and pl owed

Start January 1974 Start January 1984

Living Pattern  Child. 2 Adult 2 Child ® Adul t

1 0. 047 0. 045 0. 047 0. 043

2 0. 148 0. 149 0. 200 0. 142

3 0. 293 0.294 0.418 0. 284

4 0. 786 0.774 1.16 0.749

5 0. 151 0.178 0. 201 0. 148

6 0. 428 0.437 0.574 0.419
2 Diet change at 10 yr., i.e., 1984.

b Diet change at 10 yr., i.e., 1994,




Table 4.  Maxi num annual bonemarrow dose (ren).
Pandanus, breadfruit, coconut, tacca from southern isl ands

Village island graveled and pl owed

Start January 1974 Start January 1984
Living Pattern  Child 2 Adult 2 ChildP Adul t
1 0. 047 0. 045 0. 047 0. 043
2 0.122 0. 130 0. 092 0. 101
3 0. 168 0.204 0.138 0. 166
4 0.415 0. 516 0. 325 0. 392
5 0.121 0.135 0. 094 0. 106
6 0. 253 0. 354 0. 202 0. 254

Table 5. Maxi nrum annual bonenmarrow dose (rem.
Total diet from southern islands

Village island graveled and pl owed

Start January 1974 Start January 1984

Living Pattern Child 2 Adult 2 Child P Adul t

1 0. 047 0. 045 0. 047 0. 043

2 0. 097 0.091 0.071 0. 069

3 0.094 0. 094 0.077 0.079

4 0.199 0.193 0.133 0.129

5 0. 096 0. 096 0.074 0.074

6 0. 189 0.213 0.123 0.134
2 Diet change at 10 yr., i.e., 1984.

b Diet change at 10 yr., i.e., 1994




Table 6. Maximum annual whole-body dose (rem).

Village island unmodified for external gamma

No restrictions on diet

Start January 1974

Start January 1984

Living Pattern Child® Adult® Child® Adult
1 0..039 0.039 0.038 0.039
2 0.234 0.236 0.200 0. 233
3 0.619 0.630 0.531 0.628
4 1.81 1. 80 1.54 1.79
5 0.285 0. 291 0. 252 0.291
6 0. 798 0. 812 0.674 0. 802
Living Pattern Village island Agriculture Visitation
1 Enewetak-Parry ALVIN-KEITH Southern ls.
2 Enewetak-Parry KATE-WILMA t LEROY Northern ls.
3 JANET JANET Northern lIs.
4 BELLE BELLE Northern Is.
5 JANET KATE-WILMA t LEROY Northern lIs.
6 JANET ALICE- IRENE Northern Is.

®Diet change at 10 yr. , i. e. , 1984.

bDiet change at 10 yr., 1.

e. , 1994,




Table 7. Maximum annual whole-body dose (rem).

No restrictions on diet

Village island graveled and plowed

Start January 1974 Start January 1984
Living Pattern Child® Adulta Childb Adult
1 0.039 0.039 0.039 0.038
2 6.234 6.236 0.200 0.233
3 0.540 0.542 0.452 0.540
4 1. 56 1. 55 1. 30 1.55
5 0.237 6.241 6.204 0.240
6 0.749 0.761 0. 631 0.757

Table 8. Maximum annual whole-body dose (rem).

Pandanus and breadfruit from southern islands

Village island graveled and plowed

Start January 1974 Start January 1984

Living Pattern Child® ‘Adult® Childb ‘Adult,
1 0. 039 0. 039 .0. 039 0.038

2 ‘0. 125 ‘0.128 ‘0.146 ‘0.127

3 0.245 0.252 0.304 0.249

4 0.662 0.663 0.846 0.656

5 -0:,128 . 0.133 0.149 0.132

6 ~0,350 0.367 0.430 0. 363

“Diet change at 10 yr., i. e., 1984.
bDiet change at 10 yr., I. e. , 1994,

i




Table 9. Maximum annual whole-body dose (rem).
Pandanus, breadfruit, coconut, and tacca from southern islands

Village island graveled and plowed

Start January 1974 Start January 1984

Living Pattern Child® Adult® Childb Adult
1 0.040 0.039 0.039 0.039

2 0.091 0.122 0.078 0.093

3 0.146 0.187 0.119 0.151

4 0.357 0.475 0.280 0.355

5 0.093 0.127 0.080 0.098

6 0.246 0. 328 0.160 0.241

Table 10. Maximum annual whole-body dose (rem).
Total diet from southern islands
Village island graveled and plowed
Start January 1974 Start January 1984
b

Living Pattern Childa Adul‘ca Child Adult
1 0.040 0.039 0.039 0.039

2 0.090 0.083 0.065 0.066

3 0.087 0.097 0.070 0.076

4 0.192 0.191 0.126 0.126

5 0.089 0.094 0.066 0.071

6 0.182 0.211 0.116 0.131

®Diet change at 10 yr., i. e. , 1984,

bDiet change at 10 yr. , i. e. , 1994,







