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PLUTONIUM CONCENTRATIONS IN DIETARY AND
INHALATION PATHWAYS AT BIKINI AND NEW YORK

Abstract

This report assesses the plutonium
_intake via inhalation and ingestion
for residents of New York and resi-
dents of Bikini Atoll. Based on in-
halation and ingestion intake, the
plutonium transferred to urine would
be roughly seven times greater at

Bikini than at New York. This ratio

compares with data reported to the
authors showing urine samples from
Bikini residents had about ten times
the plutonium of urine samples from
New York residents. The comparison
of these ratios indicates that dif-
ferences in the levels of intake in
the New York and Bikini populations
can account for the relative differ-
ence between the plutonium concentra-
tions observed in urine samples from
the two locations.

However, transfer coefficients and

models presently accepted for inhaled

and ingested plutonium do not account
for the absolute magnitude of the
observed urine-sample concentrations.
This discrepancy suggests inaccuracy
in either the plutonium concentra-
tions reported for urine samples or
the models and transfer coefficients
presently accepted for the metabolism
of plutonium in the body.

The available urine data consist
of results from very few samples, and

more data is needed to completely

" verify the assessments of this paper.

It is felt that Bikini Atoll may be
the only global sources of data on
humans where intake via ingestion is
thought to contribute the major frac-
tion of the plutonium body burden,
and'therefore Bikini is possibly the
best source of data on transfer of
biologically incorporated plutonium

across the gut wall.

Introduction

Bikini Atoll was one of the two
major locations for United States
nuclear tests from 1946 through 1958.

Rehabitation of the atoll began in
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1969-70.
HASLh ERDA Laboratory of pooled urine

In 1970, analyses by the

¥
Health and Safety Laboratory, New
York, N.Y.




samples from Bikini Island showed the
. -239,240
average concentration of Pu

to be 0.007 pCi/liter.l 1In 1971, the

average concentration of 239’240Pu
in three urine samples from Bikini
was 0.004 pCi/liter. But in 1974 the
average in ten samples was a much
higher 0.013 pCi/liter.1 (No errors
are attached to these concentrations
reported in Ref. 1. The average
concentration for any year was ob-
tained by multiplying the plutonium
concentration of each sample by its
volume, summing these products, and
dividing by the total volume.) 1In

239’240Pu concentra-

1975 the average
tion in a pcoled 9-liter urine sample
from Bikini was reported as 0.011 pCi/
liter.2 This concentration is similar
to the value found in 1974 but is ten
times higher than the concentration
of 0.001 pCi/liter reported for a
1975 representative populaticn sample
from New York.2

Because of the toxicity of pluto-
nium and the belief that urine con-
centrations directly indicate pluto-
nium burdens in the body, the 1970-75
increase of plutonium in Bikini urine
samples and the much higher plutonium
urine levels in Bikini samples, com-
pared to New York samples, are cause
for concern.

The purpose of this report is to
compare data on Bikini and New York
plutonium pathways to man. Although

comparing the intake of plutonium via

various pathways does not lead
directly to abolute plutonium con-
centrations in body tissues or ex-
cretions, it does show that a Bikini
population is exposed to higher plu-
tonium levels through dietary and
inhalation pathways than a New York
population.

We acknowledge that the excretion
rates of plutonium and the quantities
excreted may differ significantly,
depending on routes of entry into the
body, and that the assessment of these
rates and quantities is further com-
plicated by dissimilar physio-chemical
forms of plutonium in the environment.
We suggest that different concentra-.
tions of plutonium in corresponding
pathways of New York and Bikini can
account for the difference between
urinary levels presently found in the
two populations. However, the esti-
mated intakes of plutonium at both
New York and Bikini should give con-
centrations in urine very different
than those reported to us.2 This
discrepancy suggests several inter-
pretations.

If the concentrations found in
pathways relate directly to the con-
centrations excreted, then the pluto-
nium in Bikinians' urine will in-
crease with time and will differ
even more from concurrent New York
samples as the Bikinians rely in-
creasingly on dietary components) from

their atoll.
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Pathway Analyses

PLUTONIUM CONCENTRATIONS IN THE
INHALATION PATHWAY

The contribution from the inhala-
tion pathway to plutonium concentra-
tion in urine, especially at Bikini,
is very hard to quantify. In addi-
_tion to the different activity levels
from fallout in the air at Bikini and
New.York, resuspension processes that
contribute airborne plutonium at New
York and Bikini are very difficult
to assess. Nevertheless, it is
important to assess these processes
in estimating the cumulative exposure
to plutonium from inhalation.
Bennett3 has recently concluded that
plutonium from resuspended fallout
at New York presently contributes
0.3% and will ultimately contribute
intake equal to 0.5% of the intake
that occurs during the original
deposition of the fallout debris.
Data of one of the authors4 show that
the soil plutonium levels on'Bikini
Island are, on the average, higher
than plutonium levels from fallout
deposited in the United States.5

Visual observatidns indicate that
the formation of dust clouds oxr the
resuspension of surface materials by
people or vehicles at Bikini is
slight, even during very long dry
spells. However, the available
aerosol data show that some locations

on Bikini Island have more plutonium

0010223

in the air than expected from world-
wide fallout and more than encountered
in New York City during comparable
periods. These data indicate that
resuspension does significantly
contribute to inhalation' of plutonium
at Bikini. We will show in a follow-
ing section that resuspension might
also contribute to elevated plutonium
levels in the ingestion pathway at
Bikini. |

Comparable data on plutonium con-
centrations in the air exist only for
the periods of May 29 to June 2,
1970,6 and May 1972.7 During the 1970

239,240

sampling period, Pu levels in

.surface air were determined at five

locations on Bikini Island and ranged
from 60 to 540 aCi/m3.6 The mean air
cencentration at four sites on the
island of Eneu (in Bikini Atoll) was
only 40 aCi/m3 during a comparable
period.6 Plotted in Fig. 1 as a
function of latitude are the average
plutonium concentrations at ground
level at air sampling stations of the
HASL sampling network, taken during
June 1970.8 The concentration-
latitude profile is simply a con-
tinuous curve drawn through the
available data points.

From this curve, the average
fallout-plutonium concentration
expected in ground-level air at the

latitude of Bikini Island (11°, 37!




N) is approximately 32 aCi/mB. The Island the log normal median, the

mean of concentrations detected on mean of measured concentrations (134
the less contaminated island of Eneu and 186 aCi/mB, respectively), and
agrees well with this expected con- even the lowest concentration found
centration. ’ However, on Bikini on the entire island are well above
150 f T T ] 1
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Fig. 1. Concentrations of 239’240Pu in air at various latitudes, taken during
June 1970, by the HASL sampling network.
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the concentration expected from Fig.
Thus, there is little question that
the plutonium levels in the air of
Bikini Island around the first part
of June 1970 were above fallout-
plutonium background levels for that
latitude. The only mechanisms that
could cause such levels are resus-
pension processes on the island.

The median concentration at Bikini
was very nearly equivalent to the
mean air concentration at New York
during this period in 1970. Remember
that during 1970 the urine concentra-
tions from Bikini and New York were
also comparable. Except for water
and possibly some fish, no indigenous
material was consumed at Bikini
during 1968 and 1969. From this
comparison of New York and Bikini,
the 1970 data strongly suggest a
close correlation between plutonium
levels in air and concentrations in
urine.

In May, 1972, air samplers were
again operated on Bikini Island at

four different locations. The

239’240Pu air concentration during
this period ranged from less than 6
to 80 aCi/mB.7 The log normal median
concentration over the island was

21 aCi/m3, and the mean concentration
2 the HASL

was 34 aCi/m3 In Tig.

alr concentrations of plutonium
during May 1972 are plotted as a
function of latitude.8 A smooth

continuous curve has again been drawn

5010225
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through the data points. From this
curve, the concentration of plutonium
expected in air at the latitude of
Bikini during May 1972 is approxi-
mately 16 aCi/m3. While the log
normal median (21 aCi/m3) of actual
concentrations at Bikini is only
slightly more than this value, the
mean plutonium air concentration
detected at Bikini during this period
(34 aCi/mB) was twice this expected .
value. In this same month, 37 aCi/m3
were detected in the air at New York.
Again we find a similarity between
the levels of plutonium in Bikini and
New York air, and the Bikini mean
concentration is again higher than
expected for this latitude from
worldwide fallout concentrations.

The 1972 data on air concentration
of plutonium at Bikini also showed a
strong geographic correlation. The
plutonium air concentrations in the
samplers increased from northwest to
southeasﬁ along the length of the
island. Therefore, some regions of
the island have higher plutonium air

concentrations than others. The

. individual's inhalation exposure,

then, must also depend on the time
spent in specific regions of the
island.

In summary, the data on air con-
centrations of plutonium at Bikini
are rather sketchy, and we do not
know how different the concentrations

in large volumes of open air are from




those in an individual's immediate
environment, resulting from resus-
pension. We can at least safely
assume that the plutonium intake via
the inhalation pathway on Bikini
Island is comparable to that in New

York. the available data

Also,
* strongly suggest that over certain
regions of the island the aeolian
concentrations are significantly
higher than in New York. If resus-
pension by human activity is also

importént, as it seems to be, there

) Road.

is a much greater chance of higher
exposure at Bikini through the in-

halation pathway.

PLUTONIUM CONCENTRATIONS IN THE
INGESTION PATHWAY

Drinking Water

The primary source of drinking and

cooking water for Bikini inhabitants
is unprocessed rain water obtained
from cisterns attached to the newly
constructed buildings along Lagoon

The cisterns collect water

>0 T | I | I
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Fig. 2. Concentration of 239’240Pu in air at various latitudes, taken during

May 1972, by the HASL sampling network.
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Table 1.
pCi/liter in June 1975.

Radionuclide concentrations in the drinking water of Bikini cisterns,

Building that the

cistern collects from 137Cs 908r 239,240Pu
5 2.5 1.1 7.9 x 1073

24 1.8 1.9 13.7 x 1073
School 1.7 1.4 29.0 x 107>

" drained from the windward roof of
each building. Ground water has also
been used for drinking in periods of
drought and will be used in the
future whenever cistern water is
unavailable. The ground water is
presently in high demand for agricul-
" ture on Bikini Island.

Three of the cisterns were first
sampled in June 1975 and analyzed for
137Cs, 90Sr, and plutonium radio-
nuclides. The results are abstracted
in Table 1.9 From an examination of
the fallout in rainfall at other
Pacific isiands over the period 1968
“to 1974, it was concluded that the

9OSr and, by analogy, 37Cs and

239’240Pu concentrations in the
cistern water did not result solely
from worldwide fallout.9 Instead, the
cisterns appear to have contained
locally derived levels of radio-
nuclides. 1In support of this conten-
tion, two water samples collected by
one of the authors (V.N.) in October
1975 from the drinking water tanks

on the ERDA-supported Marshall Island

research vessel, the R. V, Liktanur,

contained 0.6 #* 0.2 fCi/liter of
239’240Pu and 0.09 £ 0.04 pCi/liter

137Cs. This water came from the

of
rain-water supply collected at
Kwajalein Atoll and is therefore
indicative of fallout concentrations
in Marshall Island rainfall. The
239’240Pu and 137Cs concentrations

in Marshall Island rainfall are then
approximately 1/20 of the concentra-
tions in the Bikini cisterns. We
therefore conclude that the Bikini
cistern water contains levels of
plutonium radionuclides that, while
small, are nevertheless significantly
elevated above the levels expected
from worldwide fallout. The higher
concentrations could originate from
leaching of the concrete cisterns
(the concrete used for the cistern
construction was locally derived) or,
alternatively, from labeled particles
being resuspended in air, accumu-
lating on the drainage surface of the
roofs, then being washed into the
cisterns with the next rain. If the

latter mechanism is correct, re-

suspension processes contribute

TN
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plutonium not only to the inhalation
pathway but to the ingestion path-
way as well.

Bennett3 has recently published
data on fallout 239’240Pu in 1972
dietary components in New York that
included a mean tap water concentra-
tion of 0.3 fCi/liter from 1973.
Other data appropriate for compara-
tive purposes are fallout levels in
untreated surface water of the Great

Lakes.lO’ll

These data are sum-~
marized in Table 2, along with the
mean and range of plutonium concen-
trations in cistern and ground water
from Bikini Island. Assuming‘that
water consumption rates for individ-
uals at Bikini and New York are
similar, we see that Bikinians

experience a higher plutonium body

-burden from cistern or ground water

ingestion than do New Yorkers. We
assume here, of course, that Bikini
Island water is the only available
source for the present population;
It follows that urine levels in the
Bikini population would exceed those
in a New York population even if
drinking water were the only pathway
involved and each of the other path-
ways contributed a similaf level of

plutonium at Bikini and New York.

Dietary Intake

Terrestrial Food Pathway — The

diet for the people on Bikini Island
consists of foods imported from the
United States and foods grown on

Bikini Atoll. The imported foods,

Table 2. Comparison of plutonium concentrations in water of Bikini Island with
those in several U.S. sources.
239’240Pu fCi/liter Data from
Location Mean Range Ref. No.
Bikini (1975)
Cistern water ] 17 8-29 9
Ground water 44 6-122 9
New York (1973)
City tap water 0.3 3
Great Lakes (1973) \
Superior 0.63 10
Michigan 0.73 10
Huron 0.63 10
Erie 0.17 10
Ontario 0.25 11

301022

WA T T



Table 3. Fallout 239’240Pu in a typical diet for New York, l9728; data from

Ref. 3.
Consumption, Concentration, Intake,
Food product . kg/yr pCi/kg (fresh) pCi/yr

Shellfish 1 0.011 0.011
Bakery products i 44 0.0085 0.37

Whole grain products 11 0.0060 0.066
Fresh fruit 59 0.0051 0.30
Dry beans 3 0.0048 0.014
‘Fresh vegetables 48 0.0043 0.21

Root vegetablés 10 0.0035 0.035
Poultry 20 0.0033 0.066
Flour 34 0.0028 0.095
Meat 79 0.0026 0.20
Fresh fish 8 0.0016 0.013
Rice 3 0.0016 0.005
Potatoes (peeled) 38 0.0014 0.053
Eggs 15 0.0012 0.019
Macaroni 3 0.0012 0.004
Canned vegetables 22 0.0009 0.019
Milk 200 <0.0003 <0.06
Fruit juice ' 28 <0.0003 <0.007
Canned fruit 11 <0.0002 <0.002
Tap water (1973) 511 0.0003 0.12
Total intake 1.6

aExcépt for tap water - 1973.

on the average, should contain fall-
out levels of plutonium similar to
those in food consumed by New Yorkers.
Plutonium concentrations in the New
York diet are abstracted from a

report by Bennett in fable 3.3
Some recent plutonium data from

the June 1975 Bikini Survey by one

of the authors4 and earlier data

. . , 12
obtained for terrestrial food items

are given in Table 4. Only plutonium
detection limits (with 95% confidence)
were availlable for some samples
because of the limited sample size
obtainable from the existing inven-
tory of food products on the island.
However, from those samples.(papaya,

pig muscle) where there was sufficient




material to obtain a real number, it
is clear that the plutonium concen-
trations are almost 100 times any
shown in Table 3 for terrestrially
derived food products in the New
York diet.

It is not yet clear just how much
of the different food products grown
on Bikini Island are actually used
in the diet. However, whatever the
use (and there is undoubtedly some)

and whatever increased future use

Table 4. 239’240Pu

Concentrations of
in foods grown on Bikini
Island?; the sign ‘<"
denotes the detection limit
for that sample; actual con-
centration was somewhere

below this limit.

Concentration,

Tood product pCi/kg (fresh)

Bikini June 1975

Pandanus <2.7
Breadfruit <3.6
Papaya 0.67
Coconut <0.27
Squash <3.6
Pig muscle 0.72
Chicken flesh <6.3
Bikini 1974
Bananab <3.6
Papéyab <1.8
Squashb <9.0
Pandanusb <1.8

“pata from a survey by one of the
authors. 4

bData from Ref. 12.

_lo_
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there may be, use of food products
from Bikini would lead to higher body
burdens and therefore higher concen-
trations of plutonium in the urine
of thé Bikini population.

For example, if one assumes an
average plutonium concentration of
0.6 pCi/kg fresh weight in all the
terrestrial food products of Bikini
Island and a combined intake of all
foods of 100 g/day or 36.5 kg/yr,
then the yearly plutonium intake
would be 21.9 pCi, compared to the
1.45 pCi (1.6 pCi minus the intake
from shellfish, fresh fish, and water)
estimated by Bennett3 for New York.
Thus, plutonium levels in a diet
entirely derived from Bikini terres-
trial foods are 15 times the levels

in a terrestrial diet from New York.

Marine Food Pathway — Marine food

products from Bikini Atoll supply a
substantial amount of plutonium to
the diet for the inhabitants. Some
plutonium concentrations in fish at
Bikini Atoll have been published by
Nevissi and Schell. These data are
abstracted in Table 5 along with some
data on concentrations in marine
invertebrates.la Using the concen-
trations in fish muscle and eviscer-
ated whole fish and the detection
limits (denoted in Table 5 by '<'")

as real numbers, and weighting by the
numbervof fish per sample, we find -

the mean concentration of plutonium




239,240

Table 5. Concentrations of Pu in Bikini fish (combined data for fish
muscle and eviscerated whole fish) and invertebrates; the sign "<"
denotes the detection limit for that sample; actual concentration
was somewhere below this limit.

No. of fish 239’240Pu Data from
Species per sample pCi/kg wet Ref. No.

Surgeon fish 3 <0.45 13

Surgeon fish 1 8.1 13

Convict surgeon 39 <0.45 13

Convict surgeon 4 12.6 13

Convict surgeon 1 4.5 13

Convict surgeon 4 7.7 13

Panulirus (lobster) 8 <0.4 14

Grapsus (crab) 5 1.7 £ 0.5 14

in fish at Bikini Atoll is 2.2 pCi/kg
wet weilght. Concentrations in in-
vertebrate muscle average 1 pCi/kg.
If we assume an average daily intake
of 600 g (or 219 kg/yr),15 the total
annual plutonium intake would be
482 pCi.

For comparison, the data listed

in Table 3 show a concentration in

New York shellfish and fish of
0.011 pCi/kg and 0.0016 pCi/kg wet
weight, respectively. The total
annual intake of plutonium from New
York marine products would be

0.024 pcCi.

take through the marine food pathway

Thus, the plutonium in-

in Bikini is 2 X lO4 the intake

through the same pathway in New York.

Intake Concentrations Compared
with Excreted Concentrations

The estimated annual intake of
plutonium through various pathways
is given in Table 6. With the pos-
sible exception of the inhalation
pathway, available data indicate that
all exposure pathways will contribute
a higher plutonium body burden to

Bikinians than to New York residents.

Since surface soil concentrations are
much higher at Bikini than in New
York, and the material resuspended

by a person in his immediate environ-
ment may be more important than open-
air plutonium concentrations for
estimating intake by inhalation, we

believe that the plutonium intake via

-]11-
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inhalation at Bikini Island also
exceeds thap in New York.

An inhalation pathway analysis
based on a mass-loading concept
similar to the one used for the
Enewetak Atoll dose assessment15 also
indicates potentially higher intake
at Bikini by inhalation. Using a
mass loading of 100 ug/m3 as in the
Enewetak assessment; an average, 0-
to 5-cm concentration of plutonium
in Bikini soil of approximately
9 pCi/g;4 and a breathing rate of
20 m3/day; we find the annual intake
via inhalation would be 6.6 pCi,
compared with the estimate of 0.2 pCi
based on aerosol measurements.

Inhalation experiments16 and dose

3,16,17 indicate that approxi-

models
mately 0.1% of the activity inhaled
will be excreted in the urine. If.
we assume that a person's annual
intake via inhalation-is 0.2 pCi in
both Bikini and New York, inhalation

would contribute only 2 X 10—4 pCi

of plutonium to a person's urine
during the course of a year.

The transfer coefficient across
the gut into the blood is assumed to
be 3 x 107°
At Bikini this would mean that
1.56 x 1072
to the blood.

pCi would be transferred
0f this amount,
approximately 8216’17 or 1.2
X lO—3 pCi would be transferred to
the urine.
that at Bikini the ingestion pathway
contributes more than the inhalation
pathway to plutonium in the urine of
man.

In New York, the contribution of
ingestion to the total level of
plﬁtonium in urine (1.6 pCi % 3
x 1072 x 0.08 = 3.8 x 1070 pci) is
negligible compared to the contribu-
tion of the inhalation route. There-
fore the estimated total annual plu-
tonium in urine would be 2 X 10_4 pCi
4

for New York residents and 2 % 10

+1.2 x 107 = 1.4 x 1077 pCi for

for ingested plutonium.16

We find from this analysis

Table 6. Comparison of estimated annual intakes of plutonium at Bikini with
those at New York. . )
Est. annual intake, pCi/yr Ratio of intakes,

Pathway Bikini New York Bikini/New York
Inhalation >0.2 0.2 >1
Drinking water®™ 8.7 0.13 58
Terrestrial foods 21.9 1.4 ' 15
Marine foods 482 0.024 2 X'lO4

- s,

a.. . . )
Cistern water only. Any use of ground water would increase this estimate.

-12-




Table 7.

Concentration of Pu in urine — measured vs predicted.

Estimated annual

Predicted annual Pu in urine;

Annual quantity of
Pu excreted in

intake, pCi computed from estimated annual intake urine,
Location  Inhaled Ingested Total pCi % from ingestion Z from inhalation pCi
New York 0.2 1.6 0.0002 3 97 0.365
Bikini 0.2 513¢ 0.0014 86 14 3.65

odel and parameters are those summarized in Refs. 3
bComputed from assumed excretion rate of 1 liter/day

c . s s co s
Sum of estimated Bikini intakes for drinking water,

Bikini residents. This computation
shows that plutonium levels in the
urine should presently be at least
seven times higher at Bikini than at
New York. This ratio is very similar
to that reported to us for plutonium
in recent urine samples: a Bikini/
New York rétio of about ten.2

These analyses indicate that the
differences observed in the plutonium
concentrations in urine of New York
and Bikini populations can be
accounted for by the estimated dif-
ferences of plutonium intake via food,
water, and air, based on the assumed
dietary and inhalation intakes. How-
ever, the absolute quantities of
excreted plutonium predicted by

16,17 based on the same dietary

models
intake values (given in Table 6), do
not agree with the urine concentra-
tions recently reported to us.

Table 7 compares quantities computed
from the reported urine concentra-
tions with the quantities predicted

from the pathways and models for

New York and Bikini.

W
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and 17.

and concentrations reported by Ref. 2,

terrestrial foods and marine foods from Table 6.

The reported concentration of
plutonium in urine from the New York
population is 10_3 pCi/liter.2 If we
assume a urine excretion of 1 liter/
day per person, the total plutonium
excreted via urine per year would then
be 0.365 pCi.

estimates the total annual intake of

(See Table 7.) Bennett

plutonium via food, water, and in-
halation to be approximately 1.8 pCi
for a person in New York.3 These
values then suggest that 207 of the
intake is appearing in the urine.
This is a much higher percentage than
has ever been reported16 and is higher
than percentages normally used for
model predictions.3’l7
Only 8% of the amount of plutonium
entering the blood_reaches the

urine, while 90% of the plutonium

entering the blood is equally parti-
tioned between the liver and the
bones.3’16’l7 Thus, if 0.365 pCi
(the total plutonium excreted in
urine per year, based on the con-
centrations reported for New York)

is 8% of the plutonium in the blood,




and if the bones and the liver each
receive 45% of that in the blood,
then the bone and liver burdens of
New York residents should each in-
crease by 2.1 pCi annually. However,
a 4.2 pCi increase is nearly twice
the present New York total body
burden accumulated since 1954.8 The
plutonium concentrations reported for
the urine of the Bikini population
would, of course, indicate body
burdens ten times higher than those
of the New York population.

Bennett's data3 can also be used
to predict the quantity of plutonium
expected in the urine as a result of
the body burden accumulated since

1954,

the accumulated body burden to the

The major source of input from

blood, and subsequently to the urine,
is from turnover in the lungs and
lymph nodes, which have half times

of 500 and 1000 days, respectively.
Bennett's data show an accumulated
plutonium burden in the lymph-nodes
of 0.40 pCi and in the lungs of

0.12 pCi for a typicalvNew Yorker in
the year 1974. The plutonium appear-—
ing in the urine from these two com-
partments during the next year would
be.0.0l3 pCi. The contribution to
the urine from inhalation and inges-
tion of plutonium during the current
year would be 0.0002 pCi. (See
Table 7.) Therefore, the expected
annual excretion from previous body

burdens and present ingestion pathways

is approximately 0.013 pCi, compared
with the annual amount of 0.365 pCi
computed from the urine concentrations
reported by Ref. 2. These results
suggest several possible interpreta-
tions:

® The urine samples were contam-—
inated at the time of collection,
and the plutonium concentrations
are actually significantly below
those repoxted.

¢ The transfer coefficient across
the gut for biologically com-
plexed plutonium is much higher
than 3 X 10_5, the value devel-
oped from animal studies with
various plutonium compounds.

® The transfer to urine from the
blecod for ingested plutonium is
greater than 8%.

e The direct transfer of inhaled
plutonium to the blood from the
upper respiratory tract is
greater than 1% (Ref. 17).

.¢ The estimated intake values
through food, water, and air are

incorrect.
e Any combination of the above.
Interestingly, the plutonium body

3,16,17 and the

distribution models
Bikini pathway data (Tables 6 and 7)
show that the major fraction of
plutonium presently entering the
urine is by ingestion. The absolute
quantity of plutonium predicted to
reach the urine as a result of this

annual intake is 1.4 X lO—3 pCi,
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instead of the annual 3.65 pCi com-
puted from the reported data.2 There
would, of course, be an additional
contribution to urine plutonium levels
due to transport from deep-lung and
lymph-node burdens of previous inhala-
tion exposure. However, the magnitude
of this contribution should be simiiar
to that previously estimated for
New York and would therefore lead to
total annual urine levels of approxi-
mately 0.015 pCi. The reported urine
concentrations indicate an annual
urine level of 3.65 pCi. If we
accept these reported urine con-
centrations for Bikini, then it would
seem that the transfer coefficient
across the gut for plutdnium incor-
porated in food products must be much
higher than 3 x 10°.

However, the New York data indicate
that the major contribution to the

plutonium urine concentrations is via

the inhalation pathway. If the plu-
tonium concentrations reported for
urine samples from New York are
accepted, the data suggest that the
parameters for transfer of inhaled
plutonium to blood must be consider-
ably higher than those presently
assumed. However, increases in boﬁh
the percentage transferred from the
upper respiratory'tract to the blood
and in the percentage transferred

from the blood to the urine that are
reasonable for physiological function
and chemical trarnsport still cannot
account for 20% of the total annual
intake appearing in the urine. Be-
cause of this seemingly large fraction
of the total intake appearing in the
urine, it is difficult to evaluate

if this human data indicates that
transfer to urine is greater for human

populations than previously assumed

from animal studies.

Summary

Bikini Atoll may be the only global
source of data on humans where intake
via ingestion is thought to contribute
the major fraction of plutonium body
burden. It is possibly the best
available source of data for evalu-
ating the transfer of plutonium
across the gut wall after being

incorporated into biological systems. .

If the plutonium urine data for the

w0235
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Bikini population is correct, and the
estimated dietary intakes are reason-
able, it appears that the transfer
across the gut wall of plutonium
incorporated into food products is
greater than previously expected.

The New York data, where the major
intake is via the inhalation. pathway,
if accepted as reported also lead to

altered conclusions regarding the




physiological transport of plutonium.
The reported levels in urine would
account for as much as 20% of the
total estimated annual intake of

plutonium. This is a fraction that

is much higher than believed possible.

1f, however, the estimated annual

intake of plutonium and the reported

urine concentrations for New York are

correct, then plutonium is eliminated
more rapidly through the urine than
previously estimated. This would indi-
cate that smaller body burdens would

be expected from intake of plutonium.
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