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ABSTRACT

Sow of the major program at the Bio-Medical 01vision
concerned with the fate and iportance of the fission pro-
ducts , the radionuclides induced in the device materials,
the radionuclides induced in the environment surrounding
the device, and the ttium produced in Powshare cratering
events will be discussed.

These programs include (1) critical unknowns in pre-
dicting organ and body burdens from radionuclides produced
7,n cratering events; 2 the analysis with a high-resoZution
solid state gmma ray spectrometer of radionuclides in com-
plex biological and environmental samples; 3 the har-
aterization of radioactive particles from cratering detona-
tion, ; 4 the biological availability to beagZee, pigs and
goats of radionuclides in Plowshare debris; (5) the biolo-
gicaZ availability to aquatic animate of radionuclide in
Plowshare and other nuclear debris and the biological turn-
over of critical nuclideg in specific aquatic animals 6)
the biological availability of Plowshare and other nuclear
debris radionuclides to dairy cows and the transplacentat
transport of debris radionuclides in the dairy cow; 7 the
persistence and behavior of radionuclides, particularly
tritium, at sites of Plowshare and other nuclear detonations;
and (8) somatic effects of Low Dose Radiation: ChY10M080W
studies.

INTRODUCTION

The major objectives of the Bo-Medical Division at the
Lawrence Radiation Laboratory at Livermore are:

I' To develop a predictive ability for stimating the impact
of the release of radiation and radionuclides upon the biosphere,

This research was performed under the auspices of the U.S. Atomic
Energy Commission.
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and in particular upon man, from any credible type of nuclear event:
reactor releases, reactor accidents, nuclear accidents, nuclear testing,
nuclear war, or peaceful uses of nuclear explosives.

2. To utilize the developing predictive ability to minimize
the radiation burden to man from nuclear events, planned or un-
planned, during the period pending development of a mature and com-
plete predictive ability.

3. To develop appropriate countermeasures for credible nuclear
events at any step along the route from the source of radionuclides
to man, with the objective of minimizing the radiation burden to man
before or after access of the radionuclides to his tissues.

4. To evaluate the bioenvironmental feasibility of planned
Atomic Energy Cornmission ut I ization of nuclear explosives for peace-
ful purposes, such as Plowshare events.

5. To determine the effects of radiation on man - in particular
the effects of chronic exposure to low doses of radiation or moderate
doses de I i ve red at I ow rates 

The four ma i n d i v i s i ons of ou r program are I the red ct on
before each event, on a global basis, of the ultimate body and organ
burden likely to be delivered to man by external radiation and by
each of the radionuclides likely to be produced in the event; 2 the
documentation or quantitation of the life history of the radionuclides
produced in the event; 3 the determination of any effects on man of
radiation from internal and external sources; and 4 the development
of countermeasures to minimize any radiation burden to man.

Many of our major programs are directly involved in research on
the fate and importance of radionuclides produced in Plowshare events.
Each of these could well be the subject of a 30- to 40-minute presenta-
tion, but because of time I can present only highlights and represen-
tative portions of several of these programs. The programs discussed
today are described in greater detai I in the published text of this
Symposium. They and other programs are described fully in publica-
tions from the Division and in those that are presently in press.

PREDICTION OF ORGAN AND BODY BURDENS FROM RADIONCULIDES
PRODUCED IN PLOWSHARE EVENTS

We have developed a ethod for estimating the total maximum
internal dose to the whole body and organs of man and the contri-
bution of individual radionculides to this dose. This program has
been so designed that the predictive approach allows us to supply
quantitative guidelines at three important phases of the Plowshare
Excavation Program:
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1. In preshot rad-safe analysis, we can determine whether or
not a particular event can be conducted without exceeding existing
tolerances.

2. In guidance for postshot documentation, we can indicate
what should be measured, where it should be measured, and with what
precision it should be measured.

3. In guidance for device design, we can indicate the maximum
amount of a radionuclide that can be produced and subsequently re-
leased to the environment without exceeding prescribed tolerances.

This predictive approach is described in a series of reports.
The first part presents the approach used to estimate the fallout
levels as a function of cloud travel time for periods up to 50 hours
after detonation. In the second, we show how these fallout estimates
can be combined with radionuclide production estimates and biological
uptake relationships to arrive at estimates of burden and dosage for
man. The third part shows how this predictive approach can supply
guidelines for the design of nuclear devices for peaceful purposes.

The fourth part is a handbook which lists the input parameters
required for the estimation of dosage. When considering the public
health and safety, one must not underestimate the dosage that can be
de I ve red to an and his organs after detonation. It is also important
not to overestimate the dosage, and as data become available from other
Division programs in such critical areas as the fraction of certain
radionuclides released to the atmosphere on small particles (�50 in
diameter) and the availability in certain biological systems of certain
radionuclides, the estimates o some radionuclide dosages will be re-
placed by more appropriate values. For any radionuclides, our experi-
mental programs have used debris from Plowshare cratering events to
generate the appropriate data.

The last two parts of the series present our approach for pre-
dicting the dosage to man from aquatic foodstuffs and an analysis of
the transport o nuclear debris by surface and groundwater.

The four major sources of radioactivity from a typical Plowshare
cratering event are fission products, neutron activation of the environ-
ment, neutron activation of the device, and tritium. Estimates have been
made of the organ and body burdens from each of the radionuclides pro-
duced in each of these sources of radioactivity. Examples of these
estimates are presented in Tables I and I. Table I presents the esti-
mated aximum dosage to the child's whole body and bone from putonium-239
fission products, assuming wet deposition by rainout at 12 hours after
detonation. Table 11 presents the estimated maximum dosage via milk to
the child's whole body and bone from activation products produced in
granite by neutrons, also assuming a wet deposition by rainout at 12
hours after detonation. It is to be emphasized that these values repre-
sent te estimated maximum dse as a consequence of wet deposition by
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ralnout and that a aximum deposition via dry deposition would lower
these stimates by more than an order of magnitude.

Another application of our approach deserves comment. Using
this approach, concentrations were stimated of certain radionuclides
in grass and milk following a nuclear test that was presumably some
7000 to 8000 miles away. The estimated and measured concentrations
are presented in Table 111. The close correspondence between the
estimated and measured values Indicates the overall capability of this
approach.

SOLID-STATE DETECTORS IN THE QANTITATION OF GAWA-EMITTING
RADIONUCLIDES IN BIOLOGICAL AND ENVIRONMENTAL SAMPLES

Several programs in the Division are concerned with quantitating
the life history of the radionuclides that interact with the blaspheme.
Essential to these programs has been the development of a high-resolution,
anticoincidence-shielded gamma spectrometer to analyze complex, low-
level mixtures of gamnia-emitting radionuclides In environmental and
biological samples.

Formerly, gamma-emitting radionuclides in environmental and
biological samples could be determined only by techniques involving
radlochemical separation followed by spectrometry with sodium iodide
scintillators. These techniques were frequently so laborious and time
consuming as to discourage the extensive samplings required in Plowshare
experiments. There Is no doubt that the introduction of the solid state
lithium-drifted germanium EGe(Li)] detector has revolutionized gamma
ray spectroscopy, primarily because of its striking improvement in spec-
tral resolution over the sodium iodide detector. This advantage is il-
lustrated by a complex gamma ray spectrum (Fig. 1) from particulate
fallout, presumably from a Chinese test, counted on the filter paper
on which it was collected. The usefulness of this spectrometer in
biological experiments is illustrated also in Figure 2 which shows
spectra from samples of feces, plasma, milk and urine from a dairy cow
24 hours after It was fed radioactive debris obtained at the site of a
nuclear detonation. Radiochemical separation and purification were not
required to obtain these data.

This spectrometer (Fig. 3 has given excellent resolution and at
the same tme has been highly efficient in the assay of large volume
as well as small volume samples. Other gamma ray spectrometers with
Ge(LI) detectors and anticoincidence shielding have been reported in
the literature. While they may serve the purposes for which they were
designed, none has achieved as high resolution and sensitivity in
counting small as well as large samples (e.g., up to 200 ml) as the
spectrometer developed by us. It can quantitatively analyze radio-
nuclides with specific activities of as little as 002 picocuries per
gram of aterial present either alone or as a part of a complex mix-
ture of radionuclides. It is particularly suitable for rigorous studies
of the slow incorporation of low levels of radionuclides into biological
or environmental systems.
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Four special features of the spectrometer contibute to Its
excellence:

1. The Incorporation of a planar Ge(LI) detector of large
surface area 6 cm x 3 cm) and one centimeter depletion depth,
developed especially for this spectrometer.

2. The Ge(LI) detector Is surrounded by a plastic phosphor
(anticoincidence) shield, and the two are operated In anticolncl-
dence to reduce the Compton continuum. This enhances the weak spec-
tral lnes and consequently Improves the sensitivity.

3 Inside the vacuum chamber, a cooled first-stage field-effect
transistor (FET) preamplifier adjacent to the Ge(LI) detector Insures
maximum resolution.

4. The anticoincidence and coincidence spectra are recorded
separately to Improve the counting sensitivity for radionuclides
whose decay schemes Involve coincident events.

Our research on solid state detectors Is continuing. Significant
progress has been made in establishing a reliable basis for selecting
high-quallty germanium or large volume e(LI) detectors. A set of
standard tests has been devised that has resulted In high yields of
good detectors. It is now practical to consider a whole-body animal
counter with eight 20-square-centimeter detectors. This would represent
a truly significant advance in whole-body counting. We are also
developing a Ge(LD detector system for field use In conjunction with
Plowshare excavation experiments. A feld laboratory, trailer-housed,
will have a counting system with a super-Insulated cryogenic system to
maintain the e(LI) detector at 185'C. This is necessary to Insure
low consumption of liquid nitrogen under field conditions.

As the applications of nuclear energy increase, man will be con-
tinuously exposed to radiation from the released radionuclides that b-
come localized in his body. Accordingly, one of the most crucial prob-
lems will be to assess the effects upon man of ow or moderate doses of
radiation delivered at very low rates. It has been suggested that ex-
posure to 10 rads may cause biological harm under some circumstances.
But what about lower doses? Is all radiation harmful? Should the extrapo-
lation to a zero-rad dose be linear or curvilinear? If It should turn
out that the correct extrapolation is a linear one, then It wl be
crucial to determine very accurately at very low levels the radionuclide
content of an's food and water. Such data on gamma-emitting radio-
nuclides can be obtained only with a system of the resolution and
sensitivity described here.
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FRACTIONAL RELEASE, TRANSPORT, DEPOSITION, AND REDISTRIBUTION OF
RADIOACTIVITY FROM PLOWSHARE CRATERING EVENTS

The broad objectives of this program are to document the total
amount of radioactivity released by specific nuclear cratering events,
particularly at the Nevada Test Site, and to study the transport, the
deposition, and the redistribution of the debris. The solid state
spectrometers described in the preceding section are used to quanti-
tate the gaffe emitting radionuclides. Studies at the Nevada Test
Site are particularly emphasized in this program, which Is expected to
contribute strongly to the Bo-Medical Division's predictive effort
by providing the necessary data for reliable checks of proposed theories
and models.

This program is a broad, long-range one that began with the
Schooner Event and will be repeated on several Plowshare events to
establish good statistical data on the parameters of interest. We will
make long-term air-activity measurements at times up to 1000 hours after
detonation to record not only the primary distribution but also the
secondary redistribution that occurs. These measurements bear directly
on the question of how soon re-entry can be permitted for purposes of
additional excavation following Plowshare events. We will also field
very large-volume collectors to get large amounts of airborne debris
for subsequent feeding experiments. The collection of large amounts of
such material from the air rather than from the ground will remove many
problems of contamination associated with such studies. In addition,
we hope to cooperate with several investigators throughout the country
who would be able (as part of their normal programs) to supply us with
meaningful biological samples for the quantitation of radlonucl ide con-
centration. Analysis of such samples with our high-resolution counting
facilities should yeld valuable information on the transport of radio-
nuclides after Plowshare cratering events.

Fractional Release

Our Immediate objective after a cratering event is to determine
the total radioactivity released into the environment. The most ap-
propriate method is to measure the radioactivity within the cloud at
early times. These measurements have been made in the past by air-
craft sampling In conjunction with photographic techniques. The
measurements made in this manner can be criticized because of the great
variability of concentration within the cloud. The Lawrence Radiation
Laboratory recently initiated a much improved method on Schooner:
several hundred samplers suspended rom parachutes were dropped
through the cloud. Some of these drop-packages have sequential sam-
plers and provide data on cloud concentration as a function of verti-
cal height. The Bio-Madical Division actively participated by helping
in the package design and by performing the gamma spectroscopy on the
recovered filters. Thus data are being obtained on the isotopic
fractionation of the cloud as a function of three dimensions as well
as on the total activity contained in the coud.
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Transport

Information about the dispersal of the radioactive cloud as a
function of extended time and distance is desirable. In Schooner,
we participated In this area only by performing gamma spectroscopy
on several filter samples supplied by the Nevada Aerial Tracking
System of the Edgerton, Germeshausen and Greer Corporation. In the.
future we hope to extend these studies to cover more accurately
conditions of cloud shear and to secure more extensive sampling,
We will use whatever direct data are available, but our main effort
will probably be to reconstruct transport phenomena from our own
deposition data and those of other groups.

Deposition and Redistribution

The major purpose of this program is to study the deposition
of debris at distances from a few thousand feet o several hundred
miles. Eventually we hope to field about 100 stations to obtain sam-
ples of airborne debris and fallout material. The radionuclide con-
tent of these samples will be determined by gamma spectroscopy. By
using programmed samplers to obtain both air and ground samplers as
a function of time, we will study the dependency of deposition and
fractionation on time and distance. With such data from several
events, we will be able to assess the relationship between air and
ground contamination.

One of the important practical questions for a variety of
hoped-for applications of the Plowshare Program Is how soon work crews
may re-enter an area for additional excavation and other operations.
Since some of our studies will continue for periods up to 1000 hours
after the event, they should help provide answers to this question.

On the Schooner Event, we fielded 13 stations to collect air
samples. These Instruments were located at various points on the
six- and fifty-mile arcs as well as at the sites of animal experi-
ments. Each nstrument consisted of a bank of six sequentially
operated air pumps and high-efficiency convoluted air filters. An
unique feature was a low-cost electronics system for sequential pro-
gramming of the samplers either in a logarithmic or linear function.
In addition, a sensitive radiation detector was developed that auto-
matically turned on the samplers by detecting gamma rays, thus al-
lowing unmanned operation at inaccessible locations. Figure 4 I-
lustrates a typical station with the samplers six feet off the ground

and the programmer and batteries beneath.

The several hundred samples obtained in this program are cur-
rently being analyzed for their content of gamnia-emitting radio-
nuclides by solid-state spectroscopy. These data will allow us to
reconstruct the radionuclide concentration (pCI/m3) as a function of
time at several locations.
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Preliminary data on one f the most prominent radionuclides,
tungsten-181, are presented in Figure 5. Station TI, the httest
station on the 50-mile arc, was located near Tonopah, Nevada. Station
S25 was located on the six-mile arc. Other data suggest that the hot-
line passed close to S25. Station S8 was located upwind from ground
zero, and initial concentrations of radioactivity at this station were
quite low.

Several points of interest are presented in Figure 5. At station
TI on the 50-mile arc, the peak concentration of tungsten-181 occurred
10 hours after detonation (integrated over six hours) and was 600
pCi/m3. At this tim , the concentrations of tungsten-181 at stations
S25 and T were equal, although TI was 44 miles from S25. At station
S25, very significant redistribution of debris was evident, and at 30
hours after detonation relatively large amounts of debris were still
airborne.

In terms of re-entry, the data at S8 are perhaps the most
interesting. This station was one mile upwind from ground zero, and
although the initial concentrations of activity were low at 100 hours,
this was the station that registered the greatest amount of activity.
Again very significant redistribution of debris is indicated.

Figure 6 illustrates the early distribution of iodine-131 for sta-
tions S25 and S27 in the six-mile arc and for station TI on the 50-mile
arc. It is worth noting that at 10 hours after detonation the distri-
butions were about equal and that at 40 hours significant redistribu-
tion had occurred at stations S25 and S27.

Figure 7 is a similar plot for tellurium-132. Again we note the
equal concentrations of activity 10 hours after the shot at six and
50 miles and the redistribution 40 hours after the shot.

Several other radionuclides are being quantitated, and in additio�
data at later times will be similarly quantitated to study the effects
of redistribution of radioactivity.

Sharpening of Pr dictive Ability

A rigorous attempt will be made to assemble the data obtained on
the fractional release, transport, deposition and redeposition of radio-
activity along with all other available data to gain a complete knowledge
of the amount of activity released and its transport and impact upon
man In addition, these experimentally obtained values will be compared
with those predicted by other programs in the Division. As a result,
our ability to predict the consequences to men of a Plowshare detonation
will be refined and sharpened from event to event.
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THE ANALYSIS OF RADIOACTIVE PARTICLES PRODUCED IN
PLOWSHARE CRATERING EVE14TS

The major sources of radionuclides that enter the blosphere fol-
lowing nuclear events such Plowshare detonations are the radio-
active particles Introduced into the atmosphere after the detonation.
We have therefore established a Particle Analysis Program whose im-
mediate objective was to obtain a complete quantitative description
of the radioactive particle population produced by specific nuclear
detonations. The long-range objective of the program was to determine
how particle populations change detonation conditions change, and
thereby to establish a capability for predicting the characteristics
Of particle distribution from the specifications of detonation condi-
tions. Success In achieving these objectives would provide essential
information on the possible occurrence of "hot spots" following nuclear
events.

The radioactive isotopes produced by nuclear detonations are
distributed among the particle classes and particle sizes in a manner
that varies from isotope to isotope and from detonation to detonation.
Our studies on radioactive particles from the Plowshare Events Sedan,
Palanquin, Cabriolet, Buggy, and Schooner indicate that the partitioning
of the rad ion uc I ides produced by cra to r ng detonat ion s fo I ows a pattern
that can be understood in terms o a three-stage condensation process.

The first stage of condensation occurs in the underground cavity
produced by the detonation. The refractory radionuclides, those whose
boiling points are significantly higher than the melting temperature
of the environmental soil, are quantitatively scavenged by the molten
material that lines the cavity. Other radionuclides are Incompletely
scavenged in this stage. In the subsequent rupture, the molten cavity
liner breaks up into particles that constitute a distinctive class,
referred to here as slag particles. Both the radioisotopic composi-
tion and specific isotopic abundance in this particle appear to be
relatively independent of particle size, indicating that the radio-
nuclides in the slag particles are distributed within the particle
volume.

The second stage of condensation occurs during the passage of
the cavity gas through the strongly-shocked and crushed overlying rock
or soil, up to the time of venting. During this stage the radioisotopes
of intermediate volatility complete their condensation. However, since
this crushed material is not melted, the radionuclides are surface-
deposited rather than volume-deposited. The radioactive particles formed
during this process are for the most part separated from the remaining
radioactive gas at the time of venting and fall to the side to form the
crater lip. This particle class will be referred to here as lateral
ejecta.

The third stage of condensation occurs after venting. Only a
small fraction of the crushed soil through which the radioactive gas
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has moved remains with the gas after venting occurs. Therefore, the
highly volatile species are found to be significantly enriched in this
soil fraction. The volatility of the individual radioisotopes may be
inherent as in the case of gold or arsenic isotopes or it may be due
to the isotope's having a rare gas precursor as in the case of fission-
product barium or cesium isotopes. Again the condensation is on non-
molten particles and consequently leads to surface deposition of the
radionuclides. The particles in this class will be referred to here as
vertical ejecta.

The partitioning of the radionuclide population among the particle
categories can be determined from the fission yields in conjunction
with several assumptions derived from the foregoing phenomenological
description. These assumptions are that refractory radionuclides are
in the ain scavenged by the slag particles, that aerial filter sam-
ples of the radioactive cloud contain as their ajor components verti-
cal ejecta and slag particles, and that close-in tray samples contain
most of the lateral ejecta and sag particles. The partition values
for typical refractory, volatile, and intermediate species for four
cratering events are given in Table IV.

METABOLISM OF PLOWSHARE NUCLEAR DEBRIS IN
PIGS, DOGS, AND GOATS

This program is concerned with the metabolism, including the
biological availability, in large mammals of the radionuclides present
in nuclear debris from Plowshare events. Studies of the biological
availability of radionuclides in complex mixtures such as nuclear debris
are essential since the data are often different and more meaningful
than those obtained after feeding the radionuclide as a single chemi-
cal species. Accordingly, we have initiated feeding and inhalation
studies of nuclear debris in pigs, dogs, and goats. Pigs (peccaries)
were chosen because their gastrointestinal physiology closely resembles
that of an and because pork is an important constituent of the diet,
dogs (beagles) because their renal physiology closely resembles that of
man, and goats because of their suitability for inhalation studies in
the field.

In one part of this program, debris from specific Plowshare
cratering events is administered orally to pigs and dogs. The animals
are analyzed daily by whole-body counting for gamma ray-emitting radio-
nuclides as are their urine and feces. At appropriate times, anim Is
are sacrificed for specific organ analysis to determine the distribution
of long-lived radionuclides. Wherever appropriate, beta-emitting radio-
nuclides are quantitated in this and other Division programs after
radiochemical separation and purification.

In other studies, pigs are placed in metabolic cages located on
an arc within the predicted path of the radioactive cloud. Their feed
is allowed to become contaminated by fallout, and is then fed dai ly for
a week. The radionuclide contents of their organs, urine, and feces are
then determined.
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These experiments yield several kinds of information about the
radionuclides: their identity and relative concentration in specific
nuclear debris, their absorption across the intestinal wall, their
body retention times, and the body distribution of long-lived radio-
nuclides.

Figure presents distribution data from an experiment in whjch
debris was orally administered to a pig. The results obtained for
antimony-122 are representative of data obtained for molybdenum-99,
tellurium-132, gold-198, and tungsten-187, in which 10 to 30 percent
of the ingested radionuclide was absorbed across the gut wall and
excreted by the kidney. The remaining fraction was eliminated in the
feces.

Figure 9 presents data on cerium-141 from the same experiment.
Little or no cerium-141, lead-203, ruthenium-103, manganese-54,
barium-140/lanthanum-140 from the debris was absorbed across the gut
wall and excreted by the kidney. Most of these radionuclides were
eliminated in the feces in the first two to three days. Figure 
presents data on iodine-131, the only radionuclide absorbed to a large
extent; 73 percent of the initial' dose was excreted in the urine.

After eight days, antimony-122, tungsten-187 and lead-203 were no
longer detectable by whole-body analysis. Two percent or less of
molybdenum-99, cerium-131, tellurium-132, gold-198, manganese-54 and
barium-140/lanthanum-140 was detectable. The only radionuclide re-
maining in appreciable amount after eights days was iodine-131, whose
retention at that time was six percent of the administered dose.

Studies similar to these have now been completed in pigs and in
dogs with debris from the same event and from different events. The
metabolism of some of the radionuclides varies between animals and
among events. In summary, our results indicate the importance of
critically evaluating the biological availability of radionuclides
produced in nuclear events.

The biological availability and the tissue distribution in goats
of the gamma-ray-emitting radionuclides from a radioactive cloud were
measured at the Nevada Test Site in conjunction with a cratering event.
At each of three stations, all located three to 46 miles from ground
zero, a lactating goat was stationed during the detonation in such a
manner as to receive only the inhalable fraction of the radionuclides
taken in by two air samplers. Thirty hours after the detonation, the
goats were killed and their major organs were removed for quantitation
of their gamma-emitting radionuclides. The nuclides molybdenum-99,
iodine-132, iodine-131, ruthenium-103, antimony-122, tungsten-187 and
barium-140/lanthanum-140 tended to be more readily absorbed across the
lung; cesium-141, gold-198 and lead-203 were less readily absorbed.
Most of the radionuclides were found in highest concentration in the
upper lobe of the right lung. Table V presents data on the radionuclide
content of some of the organs of the goat nearest the hot-line.
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THE BIOLOGICAL AVAILABILITY OF DE13RIS RADIONUCLIDES
IN THE DAIRY COW

The dairy cow represents an important link in the food chain to
man by which not only radioiodine but many other radionuclides can enter
his diet. In countries like ours, in which dairy products contribute
a significant portion of the total diet, this ay well be the major
route of isotope transfer, particularly for infants and children. Con-
sequently a program was instituted to determine the biological availability
to the cow of radionuclides in nuclear debris.

This program involves work in several interrelated areas. The
first is concerned with the biological availability of radionuclides in
debris from nuclear events, the second with the biological availability
of pure radionuclides, the third with environmental studies, and the
fourth with in vitro studies of radionuclide binding to plasma and milk
proteins.

In a representative experiment on biological availability, a
lactating cow was fed debris from a Plowshare cratering event. Figure
11 presents the data on the iodine-131 content in milk, plasma, urine
and feces. Of the administered dose, 61 percent was excreted in the
urine and seven percent was secreted in the milk. These data ay be
contrasted with comparable values of 14 percent or urine and two per-
cent for milk for debris from an underground event that accidentally
vented. They agree wel 1 however, with data from an experiment in
which sodium iodide labelled with Iodine-131 was administered orally.
In both debris experiments, the plasma-to-milk ratio for iodine-131
was unity after 72 hours, and thereafter the plasma levels exceeded
those of milk, because iodine binding to plasma proteins prevented
its excretion by the mammary gland or the kidney.

Figure 12 presents data on the relatively unavailable fission
products barium-140/lanthanum-140. Figure 13 presents data on tungsten-181;
about seven percent of the administered radiotungsten appeared in the
urine and 0.5 percent In the milk. In the experiment described here,
manganese-54, zirconium-95/niobium-95, cerium-141, neodymium-147 and
lead-203 were not observed in milk, urine or plasma. Figure 14 presents

a spectrum of the gamma-emitting radionuclides in the feces; solid state
detectors have clearly quantitated manganese-54, zirconium-95/niobium-95,
molybdenum-99, ruthenium-103, antimony-122, antimony-124, iodine-131,
tellurium-131, tellurium-132, iodine-133, barium-140/lanthanum-140,
cerium-141, neodymium-147, tungsten-181, tungsten-187, gold-198, lead-203
and others.

Table VI compares the recovery of orally administered radionuclides
from several sources: two Plowshare cratering events, an underground
accidental venting and commercially available pure radionuclides. Of
particular interest are the data on iodine-131, which show a variation
in the metabolic pattern from one kind of event to another.
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In a study of maternal-fetal transfer, Plowshare debris, six
weeks after the detonation, was administered to a near-term pregnant
cow; a total of one kilogram was given in gelatin capsules, at a rate
of 200 grams per day for five days. At 48 hours after the last admini-
stration, the cow was anesthetized and sacrificed. Tissue and blood
samples were taken from both the fetus and the cow. Data from this
experiment are summar zed in Table VI I. All values are compared to
the cow plasma values normalized to unity, so as to point up the de-
gree of concentration of specific radionuclides in specific tissues.
The nucl ide tungsten-181 appears to concentrate in maternal mammary
gland, spleen, kdney, liver and bone and particularly In fetal bone.
The last finding is in accord with other results from this Laboratory
indicating that bone-plasma ratios as high as 200 or 300 to one can be
reached In the bones of immature rats. The gold-198 seems to localize
in the maternal kidney. The iodine-131 Is concentrated In both the
maternal and fetal thyroid; 45 percent of the administered dose was
taken up by the maternal thyroid and 67 percent by the fetal thyroid.
The concentration of iodine-131 per unit weight of wet tissue was
twice as high in the fetal thyroid as in the maternal thyroid. The
other radionuclides detected in the other studies were either absent or
present only in very sll amounts in some organs.

METABOLISM OF DEBRIS RADIONUCLIDES IN AQUATIC ANIMALS

The release of radionuclides in or near the hydrosphere results
In their uptake by aquatic organisms In the food chain of man. At
nuclear installations such as nuclear reactors of nuclear fuel produc-
tion or processing plants, radionuclides are generally released at low
regulated rates Into established ecosystems. At the sites of nuclear
detonations, large initial releases of radioactivity are followed by
continuous long-term releases of small amounts leached from the initially
deposited source.

Accordingly, a program was initiated to obtain information bearing
on the problems of radioactive contamination of the hydrosphere from
Plowshare and other nuclear events. It involves several different aspects:
(1) assessment of the biological availability of radionuclides in nuclear
debris, 2 evaluation of the biological turnover of critical elements
in specific aquatic animals, 3 elemental analysis of aquatic organisms
and their environmental water, and 4 investigation of the mechanisms
of accumulation of specific elements.

The biological availability of radionuclides from nuclear debris
is a function in great part of the atrix of the debris particles; and
aquatic organisms can acquire radioactivity by Ingesting radionuclides
either in solution or in particulate matter. Therefore experiments were
designed to study the influence of physical and chemical form on the
availability. The source of the debris material was either contained
underground events or fallout and crater lip material from cratering
events. This particulate matter was separated into particle-size frac-
tions which were then leached with various solutions to determine the

607



distribution coefficients o the contained radionuclides; representa-
tive aquatic animals were then exposed to water that had circulated
through the debris.

Table MI presents distribution coefficients in synthetic sea-
water of debris radionuclides from a cratering event. The distribu-
tion coefficient is

K = F, V

I - F W
5

where F = the fraction of the total activity an the solid, I - F - the
fraction of the total activity in the liquid, V = the volume of tRe liquid
in milliliters equilibrated with W, and W = the weight of the material
in grams. Comparab I e data are avai I ab I e for other rad ionuc I ides. Different
distribution coefficients were obtained for many of the radionuclides In
debris In an underground-contained event.

The biological availability of the debris radionuclides to specific
aquatic nals has been evaluated In the past In the system shown In
Figure 15. Typical data on representative marine and freshwater animals
are presented In Tables IX and X. These data and data on other rdio-
nucildes show that a nuclide can be metabolized quite dfferently by
different aquatic aimals. We are presently determining bological
availability In 2000-gallon aquaria In which the changes In the concen-
tration of stable elements and radionuclides In the water, the sedi-
ments and the animals can be followed for extended periods of time. For
proposed Plowshare excavations, we plan to study appropriate debrIs sam-
ples from past Plowshare tests In aquatic anim Is indigenous to the pro-
posed sites.

Table XI presents concentration ratios of radionuclides in fresh-
water and marine animals after exposure to water circulated through
debris from a cratering event.

We have also studied the biological turnover of certain radio-
nuclides in bivalve and molluscs and other animals. Accumulation and
loss of the nuclides were followed in the Laboratory under well-controlled
conditions: constant concentrations of radionuclides and stable ele-
ments, controlled temperature, and specimens selected according to size.
These parameters were then varied independently in order to identify the
factors most cr t cal in a ecting o ogical turnover. Concentration
factors and biological turnover were assessed simultaneously.

The elements most studied to date are zinc, manganese, cobalt,
iron, europium, chromium, arsenic, cesium, and plutonium. From the re-
sults, we can conclude that the concentrations of some elements are not
under homeostatic control, and that the animals contain pools of the
elements with which the rresponding radionuclides are not readily
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equilibrated. They suggest further that anyone who proposes to use
Published concentration factors for predictive purposes should be aware
Of the precise conditions under which they were determined.

THE PERSISTENCE OF RADIONUCLIDES IN THE ECOSYSTEMS
OF NUCLEAR DETONATION SITES

This program is concerned primarily with the behavior of long-
lived radionuclides in the ecological and biological 5Ystems that
reinvade nuclear detonation sites. The unique aspect of this research
is the use of the detonation site as a natural laboratory in which real
environmental parameters affect the movement of a radionuclide. Field
studies were initiated in 1964 with a study of old detonation sites at
Eniwetok Atoll in the Marshall Islands. The major emphasis was on
tritium and carbon-14, two radionuclides that had not been looked for
in the resurvOY5 conducted by the University of Washington Laboratory
of Radiation Bology. At the present, most of the radloecological re-
search In this program is being conducted at the Nevada Test Site.

An example of the knd of research carried out at the sites of
Plowshare excavations Is our studies at Sedan Crater. I will particularly
emphasize our studies on the fate of rsidual tritium because of Its
potential Impact on the blaspheme.

Approximately one llion curies of residual tritium as THO was
Injected Into the mass of earth deposited around the crater by the
detonation. In 1966, we began studies at Sedan Crater on the behavior
Of this tritium In the soil (ejecta), the nvading plant species, and
the animal populations that subsist on the vegetation.

To study tritium dstribution In an open ecological system, we
first had to develop specialized analytical methods to extract the
interstitial water from soils and the tssue or unbound water rom plant
samples and from the ody water of mammals. These methods consist pri-
marily of lyophilizing the material In glassware specially designed to
collect the water from each sample. The resulting samples are assayed
for tritium by liquid scintillation tehcniques. Tissue-bound tritium
is determined in plant and animal tissues by a modified Scht5niger method
followed by liquid scintillation counting.

At Sedan Crater, we found essentially equilibrium concentrations
in the soil water of the plant root zone, in the tissue water of the
plant stems and leaves, and in the transpirational water released by
the aerial portions of the plant. Tissue-water tritium concentrations
in plants growing on Sedan ejecta are presented in Figure 16.

At the end of the annual growing season, the specific activity of
tritium in the solid phase of the tissues of herbaceous plants such as
the Russian thistle (Salsola kall) was almost equal to that found in the
tissue water of the pTa-t. TT-ese data are presented in Figure 17. This
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incorporation of tritium Into the organic matter synthesized by plants
growing on Sedan ejecta is mainly responsible for the tritium concen-
trations found in small mammals, reptiles, birds and even insects
living in the Sedan area.

Some typical body-water tritium concentrations in mammals at
Sedan Crater are presented in Figure 18. Tritium concentrations in
the body water in the most abundAnt mammal at Sedan, the kangaroo rat
(Di do 5 merriami), were more closely related to those of tissue bund
TMYuRn pranT--rissue than they were to those o soil-water tritium,
which vary seasonally at the depth of the burrows.

The effects of seasonal rainfall on the soil-water tritium pro-
file in Sedan ejecta are readily observed in the data obtained by
periodic sampling to depths of six feet (Figure 19). Both downward
and upward soil-water movements are apparent; the pulse of winter rain-
fall, which lowers the tritium concentrations in the zero to three-foot
stratum, Is dissipated by evaporation and transpiration in the spring
and summer.

A site inventory of tritium can be made by not only integrating
the depth concentration profile, but also performing a second integra-
tion on the srface values to obtain the total areal inventory. These
data indicated that five to six percent of the estimated original tritium
inventory of the ejecta (crater lip to 1710 meters) was still present
in the 'Summer of 1968. This short half-residence time, in a region
where the annual flux of environmental water is extremely small, seems

to indicate that, despite persistently high concentrations of tritium

in all ecosystem compartments, rather significant amounts are lost by

the usual hydrological mechanisms of transpiration and evaporation,

with some losses to a deeper soil-water compartment. Losses to the

groundwater appear not to occur in this region; therefore soil-water

and tritium dynamics are confined mostly to the surface stratum,

probably no deeper than 10 feet.

The tritium concentrations In the sall mammals at Sedan Crater

constitute an unique kind of chronic exposure; this population of mam-

mals apparently received its initial exposure to tritium in utero not

only from body water but also from tritiated organic compounds received

by placental transfer from the parent animal. Accordingly, they are

being subjected to various kinds of physiological and biochemical studies.

Preliminary data indicate that at the time of their capture the specific

activity (disintegrations per minute of tritium per gram of hydrogen)

of the tissues of Sedan kangaroo rats is significantly higher than

that of their body water. In addition, certain changes, not yet pre-

cisely defined, are detectable in the structure and biochemical be-

havior of the ONA extracted from the livers of the Sedan kangaroo rats.

Our studies clearly indicate that tritium is the most abundant

radionuclide in the postshot environment of Sedan. Figure 20 is an

inventory of the major radionuclides at Sedan Crater. Residual tritium
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from this thermonuclear cratering detonation in the desert of Southern
Nevada is present in all of the trophic levels of the natural ecosystem
that has evolved in the postshot environment. These levels embrace not
only the physical compartments of the soil substratum into which the
tritium was Injected or distributed by the detonation, but also the
processes by which organic matter is synthesized in both plants and
animals. When our studies on the DNA have been completed, we will have
traced the env ironnenta I I fe history of a spec If ic radi on uc I de from
the substratum where it was deposited by a nuclear detonation to one
of the most critical life compounds in the biological world.

SOMATIC EFFECTS OF LOW-DOSE RADIATION: CHROMOSOMES, RADIATION,
HUMAN CANCER AND LEUKEMIA

No Issue is more central to the nuclear age than the question of
whether low doses of radiation delivered rapidly or over a very long
period of time are harmful to man. Plowshare programs In particular
are concerned with the possibilities that involve, or may involve,
delivery, rapidly or slowly, of low total doses o Ionizing radiation
to a small segment of the human population.

It is important to develop me way to ascertain whether there
is a threshold radiation dose below which no cancer or leukemia is pro-
duced in an, and, it there is no threshold, to define the dose-versus-
effect curve in the region between zero and 10 rads and between zero
and, say, 50 rads. The implications o a threshold or even of a non-
linear variation of effect with dose are enormously important for
Plowshare programs as well as for other uses of nuclear energy.

In the absence of reliable information concerning this Issue, an
approach believed to be conservative is used in calculating possible
leukemia or cancer production from exposure to any release of radiation
(external or from radio nuclides Internally). The approach used assumes
a linear extrapolation from high-dose data; in essence It states that
each rad of radiation Increases the risk of cancer or leukemia by a
certain amount, whether the total dose is one rd or 50 rads or 100 rads.
It is believed that this assumption represents the worst possible case.
Using such a conservative estimate, one can calculate that exposure of
a very large population to a very sll amount of radiation per person
(for example, from a Plowshare event) can theoretically induce cancer
or leukemia in a significant number of people.

Since it is unlikely that this question will be answered through
studies of human populations, an experiment is therefore highly desirable.
Such an experiment has two basic requirements: it must encompass radiation
doses from approximately one rad or less upward to high doses, and the
system under study must provide information relevant to the question of
production of human cancer or leukemia by radiation.

Radiation is known to produce chromosome alterations in human and
other cells; indeed, the production of such so-called chromosome aberrations
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has been measured quantitatively down to doses in the region of 1 to
20 rads. Within such studies, however, no method has ever been pro-
posed for determining the relevance of observed chromosome damage to
the production of important somatic effects of such radiation in
humans or other intact mammals. The somatic effects of consequence
are predominantly carcinogenesis, leukemKogenesis, or other bases for

life shortening. Only if the chromosome abnormalities cause cancer

will such studies bear directly upon the question of whether low-

dose radiation produces human cancer or leukemia.

The concept that abnormalities in chromosomes might be the

cause of cancer was proposed by Theodor Bover! in 1902. If this is

so, a specific abnormality or set of abnorma lities should be un-

failingly associated with cancer. The known effect of radiation

on chromosomes, plus the Bover! concept of a chromosomal cause of

cancer, suggested an approach that could provide relevant answers to

the central question.

The point to be settled first is whether the concept that an ap-

propriately imbalanced cell chromosome constitution, of whatever origin,

would lead to a malignant tumor. Our approach to this question and its

relation to low-do5e radiation effects are in three successive phases:

1. Is there a specific single chromosome abnormality, or a

specific set of abnormalities, in human cancer?

2. if there is, can radiation produce such abnormalities? This

can be studied on human cells in culture rather than on humans.

3. If radiation can produce such abnormalities, is their pro-

duction linear with dose down to low doses? Particularly, is there a

true threshold dose?

For our experiments, electronic canners and computer processing

of the scan information were ued, and faster, more accurate methods of

preparing, observing, recording, and analyzing chromosome data were

developed. Suitable cells were selected, and their individual chromo-

sorries were easured and separated into groups by computer processing,

with computer-programmed "cut-off" points for the group boundaries. A

sufficient number of cells is easured so that the results are statistically

significant with a high degree of confidence.

We are pleased to say that we have achieved the objective of

developing a relevant study system for low-dose radiation in relation to

human carcinogenesis and leukemogenesis. Our research indicates the

existence of an invariant common to unlimited proliferation of human

cells in vitro and to malignant growth in humans. This invariant is in

the form of a arked excess of E16 chromosomes, either absolute or rela-

tive to other classes of chromosomes. Our studies of 14 established human

call lines show that the E16 chromosomal imbalance is present without

exception and is strong in every case. We appear to be nearing the point
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where it is possible to say that E16 chromosome ibalance is an in-
variant of established human cell lines. In addition, studies on
10 cases of human cancer, including both malignant effusions and
several primary solid cancers, also demonstrate the E16 chromosome
imbalance.

Of great interest are our studies on the effects of viruses on
human ce I Is. Virus alteration of normal diploid human cells to esta-
blished lines had, of course, been accomplished by other workers,
using SV-40 virus and others. Indeed, at this time, of the three
major known modalities of cancer induction (viruses, carcinogenic
chemicals and radiation) only viruses have been unequivocally able
to alter diploid cells to established human cell lines. We have
studied human cells that had been converted into a permanent line
with SV-40 virus. Chromosome studies of these cells show that SV-40
virU5-altered cells show the same E16 chromosome imbalance previously
demonstrated by us f;_rslpontaneously established human cell lines and
for human cancers (effusions or solid tumors) studied directly. Thus
a known oncogenic virus produces the E16 chromosome imbalance in the
course of in vitro alteration of diploid human cells to altered cells
w i th ma I giianT pro I ferat i ve propert es.

The major objectives ahead are:

1. Ascertainment of whether or not E16 chromosome imbalance
determines malignant behavior of cells thus imbalanced.

2. Ascertainment of whether or not radiation can ialance
human diploid cells in culture with respect to E16 content and
concomitantly transform such cells into established cell lines. Such
studies are underway at present. Wholly irrespective of the E16
chromosome issue, the question of whether or not established cell line
production is possible with radiation alone is one of the most central
Importance in the entire area of the somatic effects of radiation.
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TABLEI

ESTIMATED MAXIMUM DOSAGE' VA MILK TO THE CHILD'S

WHOLE BODY AND BONE FROM 2 3 9PU FISSION PRODUCTS

Whole Body Bone

Radionuclide (rad/kt) (rad/kt)

131 I 0.31 0.16

136 Cs 0. 26 0 2 6

ill Ag 0.19 0 12

13 3 I 0.14 0.11

99 MO 0. 08 0 14

89 Sr 0. 080 0 60

13 7 Cs 0. 065 0. 065

90 Sr 0. 053 0 4 

140 Ba 0. 010 0. 083

132 Te 0. 009 0. 0 10

Total 1.2 2. 0

a As a consequence of wet deposition by rainout at 1 hours

after detonation.
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TABLE II

ESTIMATED MAXIMUM DOSAGE' VIA MILK TO THE CHILD'S WHOLE BODY

AND BONE FROM ACTIVATION PRODUCTS PRODUCED IN GRANITE

Whole Body Bone
Radionuclide (rad/mole) (rad/rnole)

24 Na 2 7 2 7

32 P 0. 038 0 22

86 Rb 0. 38 0 38

84 Rb 0. 028 0. 0 8

42 K 0.019 0.019

134 Cs 0. 009 0 009

22 Na 0.004 0.004

45 Ca 0.003 0.031

82 Br 0.001 0.001

Total 2.8 3.1

a As a consequence of wet deposition by rainout at 1 hours after detonation.
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TABLE III

ESTIMATED AND MEASURED CONCENTRATION OF RADIONUCLIDES

IN GRASS AND MILK

Forage (pCi/kg) Milk (pCi/kg)

Radionuclide Estimated Measureda Estimated Measured a

131I 5000 5000 1000 930

137 Co 19 43 3 2

99mo 1110 1050 82 20

140 Ba 5 550 5740 33 71b

132 Te 900 1510 9 7

a Potter, G. et al. "Biological Availability of Radionuclides in Fallout
from the Chinese Nuclear Test of December 1966 " Lawrence Radiation
Laboratory, Livermore, Rept. UCRL-70301 1966).

b Determined as 140 Ba/ 140 La.
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TABLEIV

RADIONUCLIDE DISTRIBUTION VALUES FROM CRATERING EVENTS

Fraction of nuclide in:

Slag Lateral ejects, Vertical ejecta Cratering event

-f44ce 1.00 All events

132 Te 0. 3 93 0. 53 0. 054 A

13 7 Cs 0. 133 0. 442 0. 425 A

106 Ru 0. 2 64 0. 063 0. 6 73 B

13 7 a 0. 060 0. 0 15 0. 925 B

14 'Ce 0. 922 0. 074 0. 004 C

13 7 Cs 0. 103 0. 474 0 423 C

141 Ce 0. 695 0. 302 0. 003 D

13 7
Cs 0. 100 0. 590 0 3 0 D

131 1 0. 538 0 457 0. 005 D

181 w 0.715 0.283 0.002 D
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TABLE V

RADIONUCLIDE CONTENT pCi/kg) OF ORGANS OF GOAT WHICH RECEIVED

INHALABLE FRACTION OF RADIONUCLIDES FROM

CRATERING EVENT

99 MO 141 Ce 132 Te 203 Ph 1311 198 A. 1 3Ru 122 Sb 187 W 140 Ba/ 140 La

Mammary Gland 30 5 90 25 570 20 NDa 45 400 55

Milk 15 3 70 25 1190 40 1 30 80

Thyroid 485 ND 1850 2560 62830 570 ND 950 ZO 160 ND

Ovary ND 257 Z060 110 ND ND ND Z470 1130

Fat ND 32 73 Z60 30 ND 350

Filter b 0.13 0.1 1.5 2. 0. 50 0. 0.11 1.0 12.4 1.3

aND (not detectable)

b picocuries per liter
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00 4 N 13 NdCl 3 88 0 0 0. 01z z 0 �4 z :�- - - 3 �- > 181
U C, 0. t, P, 0 0 -4 0 (7, Q W W PC 1 94 7 0. 1

187 W PC I 80 9 0. 5rn

C:
10, -4 &W N H N PC if 100 11 0 2

z t-J En
�0 WC, 70 3 0.

a- C�> 0 0 Q Na 2 4

196 Au PC 1 112 0 2 0 I

> Z03go --j 10 t-1 Ph PC 1 76 ND ND
x x P PP P z

N N W 0 aPlowshare cratering event.0, a,*0
N 00

bUnderground accidental venting.

'o �o z :I :I,- :P, Z :N cChemical formulas denote commercially available pure radionuclides.
;z C, co -4 W N W co U U N N 0

* & * 0* 0 0* 0*00 * -4*-4* 0 *C,* 0*CD * 0* dNot detected.



TABLE VIII

DISTRIBUTION COEFFICIENTS IN SYNTHETIC SEA WATER OF DEBRIS

RADIONUCLIDES FROM A CRATERING EVENT

Size of particles in fraction

Radionuclide > 1000 < 4000 > 250 < 1000 �t >6 < 250 ji < 62 

54 Mn 3. 400 4, 900 4, 100 2,500

58 Co 4. 500a 15, 000- 6, 500' 180a

59 Fe ND b ND b ND b ND b

103 Ru 4. 900 21 900 1, 000 1,400

124 Sb 520 160 74 83

140 Ba/ 140 La 260' 52' 19a 40'

141 Ce 47. 0 00a 3 100a 21 400' 8,200a

aFractional standard deviation of data > . 20.

bNot detected.
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TABLE EX

RADIONUCLIDE ONCENTRATIONS IN TISSUES OF MARINE ANIMALS EXPOSED TO

SEA WATER CIRCULATED THROUGH DEBRIS FROM A CRATERING EVENT

Days

of 54 103 124 131 140 140 141
Animal and Tissue Exposure Mn Ru. Sb I Ba/ La Ce

Fish, hole body 6 270b 2,200 7. 100 320,000 290,000 C
(Gobiosorna bocci

Clam, edible portions 20 960b 1,700 520b 16,000 16,000b 1,100b
(saxidomis giganteus)

Crab, muscle 20 I1800b 1,400 2,300b 210,000 310,000 1,400b
(Cancer productus)

Crab, viscera 20 1,700b 14,000 11,000 9,500,000 2, 100,000 690,000b

Sea Water

Day 6 280b 2,900 6,600 4,500 220,000 110

Day 20 470b 3. 900 13,000 31,000 Z30. 000 250

aCorrected for decay to time of detonation of event.

bFractional standard deviation of data > .20.

CLow level, not quantitated.
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TABLE X

RADIONUCLIDE CONCENTRATIONS IN TISSUES OF FRESHWATER ANIMALS

EXPOSED TO POND WATER CIRCULATED THROUGH DEBRIS FROM A

CRATERING EVENT

a
Days Radionuclide Concentration PC i/kg

of 103 124 131 140 14 14 lCeAnimal and Tissue E.Posure 54 Mn Ru Sb I Ba/ OLa.

Fish. muscle 7 b 4, 100' b b b 620
(Carassius auratus)

Fish, viscera and skeleton 7 b 2. 400 6, 100 230, 000 360, 000 2, 100
(Carassius auratus)

Clam, edible portions 21 440c 6. 00 15, 000 150, 000C 180, 000 b
(Anadonta nuttalliana)

Crayfish, uscle 21 b b b b 47, 000C 3, 500'
(Astacus p.)

Crayfish, iscera 21 6, 000 39, 000 12.000c 4300,000 4600,000 16, 000
(Astacus op.)

Pond Water

Day 6 830 3, 100 3, 600 28, 000 110, 000 620

Day 20 ND d 5, 300 8, 800 84, 000 150, 000 ND d

a Corrected for decay to time of detonation of the event.

b Low level, not quantitated.

c Fractional standard deviation of data > . 0.

d ND (not detectable)
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TABLE XI

CONCENTRATION RATIOS OBSERVED N FRESHWATER AND MARINE ANIMALS

EXPOSED TO WATER CIRCULATED THROUGH DEBRIS FROM A

CRATER1NG EVENT

Concentration ratios:

Days of 54 103 Ru 124 Sb 131 I 140 Ba/ 140 La 141 CeAnimal and Tissue Exposure Mn

Fish, whole body FW 7 a 0.8 2 8 3 3

SW 6 lb 0.8 1b 7 1.3 a

Clam. edible part FW 21 440b 1. 2 2b 1.3 a
RDc

SW 20 2.b 0.4b 0. lb 0. 5 0. lb 4b

Crustacean, muscle FW 21 a a a a 0.3b 3,500b
NI)c

SW 20 b 0.4 0.2b 7 1 3 6b

Crustacean, viscera FW 21 6,000 7 1.3b 51 31 16,000
NDC -- ND7

S W 20 4b 4 0.9 300 9 2,800b

a
Low level, not quantitated.

b Fractional standard deviation > 0. 20.

c Not detected
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QUESTIONS FOR BERNARD W. SHORE

1. From Dr. Sternglass:

To what extent is research planned to follow up on the indication
that strontium-90 may be incorporated in genetic material leading
to nreased fetal and neonatal deaths both in experimental ani-
mals and man?

ANSWER:

The first thing I would want to say is the processes of data would
indicate that strontium-90, when incorporated in genetic material,
will result in Increased fetal and neonatal deaths bth in experi-
mental animals and in man. The other point I would like to make
is that the AEC and the National Institutes of Health are supporting
much research In the area of low dose effects of radiation and these
studies include studies on the effects of strontium-90 on genetic
material; we do some In our own laboratory, but the tests have
not been developed. But I think in the past the problem has been
one of developing an appropriate system. Quite obviously the system
has to be one at the genetic and biochemical level because the
changes you see are going to be very small and are going to re-
quire a lot of what is called basic or fundamental research in
this area. It might very well be that the limit on strontium-90
or any environmental pollutant does require research until we
know what causes cancer or causes leukemia, what causes unbalanced
cell growth, and one of the fundamental processes of regulation
and control in humans or animals. So research is being done in
the area of relationship between radionuclide and population and
in genetic material such as chromosomes and nucleic acids and
their possible effect on fetal and neonatal deaths.

2. From Darryl Randerson:

You mentioned that your gamma-ray spectrometer could resolve radio-
nuclide concentrations as mall as 002 picocuries. What is the

significance (accuracy) of this number? What are the advantages

of your spectrometer measurements as compared to activation analysis

techniques whizh have as good or better resolution?

ANSWER: (Paul Phelps)

The significance of being able to detect very low levels of radio-

nuc I !des a I ows the estab I! shment of uptake by p I ants and an m Is

subjected to low levels of fallout. For example, 10 pC of

cesium-137 contained in two liters of cow's milk can be ascertained

to an accuracy of 20%. In addition, this spectrometer may be

used for determining activation products produced by neutron acti-

vation procedures. In fact, the quality of neutron activation

analysis is dependent upon the resolution of the spectrometer.
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Activation analysis has no applicability for determining radionuclide
contamination but is very useful in elemental analysis.
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