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Radioactivity Measurements of Former Military

Personnel Exposed to Weapon Debris

Abstract. Sixteen former military personnel who were present at the “‘Smoky”’
atmospheric nuclear weapon test have been investigated for internal deposits of
radioactivity., Whole-body and thorax gamma-ray measurements, thorax and skele-
tal actinide measurements, and urinalyses for plutonium-239 and strontium-90
indicated no evidence of radioactivity in excess of that found in the general

population.

An increase in the incidence of leuke-
mia (9 cases observed versus 3.5 expect-
ed) has been reported in a cohort of 3224
men who were present at the ‘‘Smoky’’
atmospheric nuclear weapon test in 1957
(I). Because of the relatively low mean
external dose recorded for the cohort
(466 mrem), it has been suggested that
additional exposure from internally de-
posited radioactivity may have been a
significant component of the total dose
received (2). To assess the validity of
this hypothesis, a small group of men
who were present at the test were exam-
ined for internal deposits of long-lived
radioactivity. Nineteen men were select-
ed by the Centers for Disease Control on
the basis of high film-badge readings or
their opportunity for inhalation or inges-
tion of weapon debris, or both; 16 of the
men visited Argonne National Labora-
tory for measurements in 1979, and three
chose not to participate. The 16 ranged
in age from 40 to 60 with a mean age of
46.9 = 5.9 years; none exhibited any
clinical signs of malignancy or other radi-
ation-induced pathology. In what fol-
lows, only the outlines of our measure-
ment techniques and the mean results
are reported; detailed results are given in
3.

The whole-body contents of +y-ray
emitters were measured with large
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Nal(Tl) detectors in both reclining chair
and flat bed geometries (4). The +y-ray
spectra were analyzed by a computer
method of least squares. With the excep-
tion of “°K, *’Cs, and short-lived radon
daughters, y-ray emitters in the 16 sub-
jects were below the limit of detection of
0.2 to 0.5 nCi (depending on energy).
The mean potassium content determined
from “°K was 0.20 = 0.03 percent of
body weight. [One standard deviation (a)
is given for all values in this report.] For
a set of 12 control men, the value was

"0.19 + 0.03 percent, whereas that for

“reference man’’ (5) is 0.20 percent. The
mean 'Cs/K ratio for the 16 subjects
was 8.2 = 2.5 pCi/g, whereas that for the
controls was 8.9 = 2.4 pCi/g. Similar
values have been reported for other
groups drawn from the general popula-
tion (6). The short biological half-life of
¥Cs (~ 110 days) (6) precludes any
observation of even a large intake that
occurred 22 years before. However, our
measurements rule out the possibility
that during the weapon test period these
subjects inhaled and retained highly
fused particles of fallout which contained
37Cs (and, by inference, other fission
products) in a form insoluble in body
fluids.

We determined the possible actinide
(**Pu and ' Am) contents of these sub-

jects by two methods: (i) external count-
ing with a large, xenon-filled proportion-
al counter and (ii) urinalysis for 2°Pu.
The proportional counter is sensitive to
the low-energy (13 to 60 keV) photons
emitted by these isotopes after a-decay.
The mean counting rate observed for the
subjects in the band from 16 to .26 keV
with the counter viewing the lungs was
3.67 = 0.54 count/min, whereas that
from several uncontaminated controls
was 3.68 = 0.13. Similarly, with the
counter viewing the skull, the mean sub-
ject counting rate was 2.07 = 0.52 ver-
sus 2.05 £ 0.18 for controls. None of the
counting rates for individual subjects dif-
fered from the mean control rate at the
90 percent (1.64 o) level. However, €x-
ternal counting is a relatively insensitive
means of detecting internally deposited
2Py because of the low photon abun-
dance and sevére attenuation by bone
and soft tissue. An individual could con-
tain several times the maximum permis-
sible lung burden of **Pu (16 nCi) and
still not yield a statistically significant
increase in counting rate above that for
the controls. These considerations do
not apply to >’ Am, and no evidence of
the 60-keV y-ray from !Am was ob-
served in any of the subjects.

Because of the possibility that the re-
sults of external counting for both fission
products and actinides might be nega-
tive, we also collected a 24-hour urine
specimen from each subject. Samples
were analyzed for plutonium by isotope-
dilution a-spectrometry, and the plutoni-
um content of each sample was below-
the limit of detection (4.5 fCi) of our.
standard method (7). We then estimated -
upper limits for the body content of
plutonium by applying either Langham’s
power function equation (8) or the reten-
tion function proposed by a task group of
the International Commission on Radio-
logical Protection (ICRP) (9) to a urinary
excretion rate of 4.5 fCi/day. From
Langham’s equation, which relates daily
urinary excretion to systemic intake, we
deduce that the systemic intake was less
than 1.7 nCi in August 1957 (7900 days
before the urine collections). Since the
use of the equation for times much long-
er than S years is known to overestimate
the systemic intake (/0), the value of 1.7
nCi must be regarded as an extreme
upper limit. A limiting value for the
cufrent body content of < 200 pCi re-
sults from the use of the retention equa-
tion suggested in ICRP Publication 19
(9). [The urinary value was multiplied by
1.47 to determine the total excretion rate
(10) before application of the retentioh
equation.] These low values for plutoni-
um content based on excretion rates
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confirm the negative results of the exter-
nal measurements of plutonium content
made with the proportional counter.

The urine samples were also analyzed
for ®Sr by chemical separation and -
counting. The mean excretion rate of the
16 subjects was 0.63 = 0.33 pCi/day,
whereas that of seven control subjects
was 0.66 = 0.30 pCi/day. We thus infer
that both groups were drawn from the
same population; that is, the *°Sr excret-
ed by the test subjects arose from expo-
sure to global fallout rather than from
their presence at weapon tests.

In summary, we were unable to detect
internal deposits of radioactivity in any
of these 16 men in excess of normal
levels found in the general population.
We could only test for long-lived iso-
topes, but, because of their solubility in
body fluids, '*’Cs and **Sr contribute the
major portion of the dose from internally
deposited fallout (/7). Thus we have no
evidence that these subjects received
any significant internal dose from their
participation in the ‘‘Smoky’’ weapon
test.
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Pituitary Gastrins Occur in Corticotrophs and Melanotrophs

Abstract. The gut hormone gastrin was identified in pituitary cells containing
adrenocorticotropic hormone and a-melanocyte-stimulating hormone by region-
specific immunocytochemistry and radioimmunoassays. Smaller amounts of gastrin
were found in nerve fibers of the neural lobe and pituitary stalk. Since adrenocortico-
tropic hormone-like peptides occur in antropyloric gastrin cells, these data indicate
a considerable similarity in peptide composition of pituitary and gastrointestinal
endocrine cells and reinforces questions of multiple hormone production.

Adrenocorticotropic hormone (ACTH)-
related peptides were recently shown not
to be confined to the pituitary but to also
occur in central neurons (/, 2) and in
gastrointestinal gastrin-secreting cells
(2). Immunoreactive gastrins have also
been detected in pituitary extracts (3).
By using region-specific immunocyto-
chemistry and radioimmunoassays on
microdissected pituitaries and isolated
pituitary cells, we have determined that
pituitary gastrins occur in cells contain-
ing ACTH and a-melanocyte-stimulat-
ing hormone (MSH) and in nerve fibers
of the pituitary stalk and neural lobe.

Pituitaries from pentobarbital-anesthe-
tized cats were dissected into anterior
lobes, neurointermediate lobes, and pitu-
itary stalks. Pig pituitaries, from a local
abattoir, were microdissected into ante-
rior, intermediate, and neural lobes as
well as pituitary stalks and hypothalami.
Porcine pars intermedia cells were also
isolated by the method of Crine and co-
workers (4). Specimens were frozen in

liquid nitrogen and extracted by boiling
for 20 minutes in redistilled water, then
homogenized and centrifuged (3). Each
pellet was reextracted in 0.5M acetic
acid as described (3). Extracts were test-
ed by radioimmunoassays specific for
different sequences of gastrin-17 and of
the related hormone cholecystokinin-33
(CCK-33) (5). Gel filtration was per-
formed on Sephadex G-50 SF columns
(10 by 1000 mm) with 0.02M barbital (pH
8.4) containing 0.1 percent bovine serum
albumin being used for elution (4 ml per
hour at 4°C). The fractionations were
monitored by the gastrin and CCK as-
says (5). Protein was determined accord-
ing to the method of Lowry et al. (6).
For immunocytochemistry, pentobar-
bital-anesthetized cats were perfusion-
fixed with 4 percent paraformaldehyde in
0.1M sodium phosphate buffer, pH 7.4
(1.0 to 2.0 liters). Pituitaries from formal-
dehyde-perfused cats and from nonper-
fused pigs were immersion-fixed in the
formaldehyde solution for 24 hours at

Fig. 1. Sections of cat
pituitary. (a) Median
eminence (scale bar,
100 wm); (b) pituitary
stalk (scale bar, 10
num); (c) intermediate
lobe (scale bar, 150
wm); (d) anterior lobe
(scale bar, 15 pum);
and (e-g) three adja-
cent sections of inter-
mediate lobe (scale
bar, 100 pm). Sec-
tions (a) to (d) were
stained with the
COOH-terminus—spe-
cific antiserum 4562,
which reacts with
both gastrin-17 and
CCK-33 (indirect im-
munofluorescence).
For reasons specified
in the text, the nerves
seen in the median
eminence (a) are
chiefly CCK nerves
(asterisk indicates
the third ventricle),
whereas the nerves
detected in the pitu-

itary stalk [note the varicose fiber in (b)] and posterior lobe and in the endocrine cells of the
intermediate lobe (c) and the anterior lobe (d) store gastrin. The gastrin-storing cells and nerves
also react with gastrin(6-13) antiserum 4710 but not with CCK(25-30) antiserum 4698, as
illustrated for the intermediate lobe in (e) (antiserum 4698) and (f) (antiserum 4710), by means of
the PAP technique; (g) is stained by gastrin-17-absorbed antiserum 4710.
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