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A data base on animal mortality has been compiled and published (Jones,
Morris, and Young, 1986). Tfeac data base is attached as Appendix B. However,
because of the perceived significance of the animal data in predicting
mortality to man, a few paragraphs will iix la.rize the collection, extraction,
and

a few paragraphs will
trend of those data. r

During the 1950s and 1960s, intensive research was concentrated on
measurements of the LD50/30, the shape of the mortality dose-response function
about the LD50, and the rate of cellular repair and organic recovery following
sublethal exposures. Studies of the acute LD50 have found that, in small
species, individual deaths occur before 30 days, but in larger species
mortality may continue to 45 or even 60 days. The probable explanation is
that different blood elements have a shorter biological half-life and a
quicker generation time in the smaller species. Experimental studies have
illustrated that death can be delayed or even prevented by medical support,
e.g., transfusions of platelets to prevent hemorrhage and/or the use of
antibiotics to supplement the immunoprotection provided by granulocytes. For
a given level of mortality in simple mortality experiments (animals not given
secondary treatments to enhance survival), it is typically observed that
smaller species tolerate larger doses than do the larger species, but then
start to die earlier than large animals and complete mortality earlier.

The literature on LD50 and the dose-response function for radiation-
induced lethality, reflect several inconsistencies--primarily due to dose
assignments and to analytical methods and/or mathematical models used.

Thus, in order to make the individual experiments (included in the data
base) as consistent as possible, an estimate of the uniform dose received by
the bone marrow in e ich treatment group was made so that the interspecies
differences are minimized. The LD50 (for each experiment) was recalculated
using a single estimation procedure for all studies for which sufficient
experimental data are available. For small animals such as mice (body weight
25 g), the dose to the hematopoietic system is approximately equal to the
treatment dose, but for large animals the marrow dose may be about half of the
treatment dose.

The animal mortality studies as first published by the original
investigators gave estimates of the LD50 that varied due to several reasons.
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For example, some investigators used marrow dose, and some used exposure
measured in air at the site of the treated animals. Also, many different
graphical and statistical methods were used to estimate the mortality curve
and the median-lethal dose from the experimental data. Because this research
was focused on determining the characteristics of the dose-mortality function
across species, body weight, dose rate, and type of radiation, it was
desirable and necessary to standardize concepts and models across the entire
data base.

In the development and use of the data base, it was convenient to have an
LD50 estimate for each study. Of course, the LD50 is somewhat dependent upon
the mathematical model assumed and an important use of these data were to
evaluate the utility of various mathematical models for mortality. But the
"best" model(s) could not be known until the data base was analyzed.
Therefore, the log-probit model was arbitrarily selected to give an internally
consistent LD50 (based on bone marrow dose) across different experiments
included in the data base.

In creating the mortality data base, the goal was to abstract and
standardize as many different variables as commonly available from the many
diverse studies. The level of mortality and the time-to-death considerations
are given. Other values are descriptive of various biological and physical
conditions of the many studies. In 1968, Nobert Page attempted a fairly
comprehensive analysis of mortality studies on standard laboratory primates
and large animals. Page provided exposure to marrow correction factors for
many conditions, and we have found Page's work to be very helpful to our
efforts. Also, the work of Grahn (1956) and data in the National Bureau of
Standards Handbook 85 (NBS 1964) were useful in estimating bone marrow doses
in rodents.

Data in Appendix 3 is a nonselected compilation of all data that was
collected over a period of about 7 years. The 7-year span included about 5
years during which data collection was passive and about 2 years during which
data collection, dose calculations, etc., were done on an active basis. The
sources of data were diverse, but there is a strong bias towards journal
articles, with Radiation Research and the International Journal of Radiation
Biology being major sources. Other less available and less peer-reviewed
sources were not rejected. However, some of the studies are old, dating into
the 1940s and early 1950s. Many of these early studies were published in
laboratory reports that are almost unavailable now (perhaps two or three
copies remain in some remote file). We have not attempted to abstract these
"almost inaccessible" sources; however, some of these early studies have been
reviewed and/or cited by more recent investigators. Appendix B is not an
exhaustive listing of all mortality experiments, but does reflect the "best"
mortality dose-response data base that time and resources permitted.

One hundred forty-six experiments on rodents were tabulated--chinchilla
(1), g. pig (5), hamster (2), mouse (113), rabbit (4), and rat (21). However,
the number of experiments comprising the necessary data for a dose-response
(or LD50) analysis was limited to 70 rodent studies- chinchilla (1), g. pig
(5), hamster (1), mouse (40), rabbit (2), and rat (12).



Sixty-five experiments on nonrodent mammals were tabulated--burro (5),
cattle (2), dog (16), goat (4), primate (10), sheep (14), and swine (14).
However, the number comprising the necessary data for a dose-response analysis
was limited to 34--burro (4), cattle (1), dog (11), goat (2), primate (8),
sheep (4), and swine (4).

For standard laboratory primates of body weight ~5 kg, the LD50 ranged
from 365 to 667 cGy to marrow. The lower value was at 800 R/min and overall
the primate data reflect a strong dose-rate trend.

The 11 dog experiments are remarkably similar--all bilateral and nearly
equal dose rates, except for one study. The dog experiments are useful
however, to show that purebred and inbred populations do not appear to be
either more sensitive or more resistant than mongrel populations. This point
is quite important relative to the genetic hetrogenicity of man. The standard
error of the LD50 seems larger in the mongrel populations but those studies
were done in the 1950s, whereas the beagle studies were done a decade later.

Several cattle studies have been done, but documentation is very
incomplete. It is not useful to speculate why those studies have not been
published in adequate detail in peer-reviewed journals. The data base of
ORNL 6338 has an LD50 of 159 cGy to marrow for one study--dose rate of 0.9
R/min--and for a second study with 80-kg calves, all animals exposed above 156
cGy died while the two exposed at 94 cGy survived.

For burro, the LD50 values ranged from 176 to 317 cGy (to marrow) with a
pronounced dose-rate effect.

For sheep, two studies were for bilateral exposures and two were for
quadrilateral source geometries. Exposure geometry and dose rate both seemed
important and LD50 values ranged from 145 to 206 cGy to marrow.

For swine the dose-rate effect seemed quite important and LD50 values
ranged from 171 to 370 cGy to marrow.

f

The nonrodent LD50 values are illustrated in Figure 1 and it is useful to
note that only standard laboratory primates having a body weight <5 kg seem to
have a high dose-rate LD50 significantly above 200 cGy to marrow.
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