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AEC STAFF COX2ENTS ON ILETIER FRC
DR. HAROLD L. ROSENTZAL TO SERATOR PASTORZ

DATED JUIE L4, 1971

Long-term toxicity studies Sponsorgd by the Atomic Ensrgy Commission
have been in progress for wany yesrs (scme longer than 20 yeers) to
deternine th= bzologl al effects of yarioug internally deposited
radionuecliicds Studies related to “VSr - Py administered by differ-
ent moder wra b nz conducted at the University of Utah, Argonne
uatlcn l Lzherctory, University of California at Dav1s,‘Pac1f1c

; y end Lovelace Foundation.

The studies al the University of Utah and Argonne Nationzl Leboratory

‘have involved the avn,hlstr“tlon of graded dose levels of single

intravencus injecticns of Psr - 901 intc mice and Becgle dogs. By
desizn, the experiments at the University,of. Utah (1) alco includs
other dogs given graded dose levels of 226 ORa intravenously in oxrdsr
to ccmxpare. th° observed effects froa Osr - 90Y with these for z’oﬁa.
This enables one to extrapolate the effects obssrved in dogs to those
exnscied in bumars basad on the effects séen in human sudjects con-
taining significantv body burdens of gRa. Each dose levzl is
referenced as = zultiple of the permissible goncentration of 226p,
in man, 0.1 pCi (/O kg man assumzd). The 220g5 gose levels range
from 1,11 to 1620 times the reference level and the 295r - DY levels
range from 10 to 1620 times the reference level.

The Beagle is an excellent choice for en experimental animal for an
extrapolation to man. Essentially the sams fraction ol the total
beta energy exittad by - 90y is absorbed by the skeleton of
both the Beagle and men. The dog's bone and.bone marrow anatoy
and physiology is also similar to man. Also, the incidence of
spontaneous boh- tumors in the Beagle is quite low, minimizing the
chance for misin erpretlpf radicticn-induced tuwors as being of
spontaneous ori g T

Daily ingestion of graded levels of Psr - Py oy Beurle dogs frcm
mid-gestation to 1.5 years of age has been the mode of exposurs

et the University of California at Davis. Averege daily intazke of
SOsr - 90Y rapged from .03 to 36 npCi per day {2,3). At the Facific
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Northwest‘Laboratory, miniature swine have ingested graded levels
of Psr - Wy dailgofor three generations. The feeding levels range
from 1 to 625 uCi Rsr - FY per day (L,5). ,

The inhalation route of entry of Psr - DY into the bedy is being
investigated in the Beagle dog at the Lovelace Foundation (6). In
this experiment, the dogs received single, short-term inhalation
exposures to an sercsol containing graded levels of 90sr - DY vwhen
they were young adults and are being observed during their lifespan.

Since many of these experiments are still in progress, it is impos-
sible to say that everything is known about the effects of 99sr - 0y,
However, an an2lysis of our current state of knowledge regarding the
biological effects of Psr - Y does emsphasize several points:

1. These experiménts have all involved the administration of equi-
librium amounts of %OSr and its short-lived daughter Y. Once
the Psr is deposited preferentially in the skeleton due to its
biological behavior, the DOy prcduced is also tightly bound in the
skeleton and deposits most of its energy there. The biological
effects observed to date.are those that would have been predicted
from the selective irradiation of bone and bone marrow.

2. When the skeleton is exposed to very high dose rates of radia-
tion from the deposition of large quantities of Fsr - Py, both
solid tumors of the bone and death from disorders of the blood fora-
ing tissues have been observed. The relative importance of these

. two general classes of effects of irradiation of bone and bone

" marrow appears to depend on the mode and age at administration.

For instance, bone tumors were observed in highest incidence follow~ -
ing single doses of Psr - Py which produced a high initial dose-
rate followed by protracted low-level irradiation. In contrast,
death from disorders of the blood forming tissues was observed in
highest incidence in studies with continuous intake of POsr - Py
et high level starting early in life.

3. Pathologic effects have only been observed in animals exposed
to high total doses of irradiation produced at high dose rates.
For instance, in the Davis ingestion study which has entered its
tenth year, no pathologic effects have been-seen at continuous
radiation doses to the skeleton from XSr and its daughter “¥Y
below about 2000 millirads per day. ¥For comparison, the Radiation
Protection Guide for bone marrow from FRC Report No. 2 for the
average exposure of a suitable sample of the population would be
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. 170 millirem per year or about 0.5 millirem* per day (7). Simi-
larly, in the study now in progress at the University of Utah,

adult dogs given single intravenous injections of Osr - Oy
amounting to 1620 times the reference level mentioned on p. 1

died with bone tumors 2 to 3 years later (8). The average skeletal
dose rates were approximately 10,000 millirads per day. Bone tumors
are also being observed in the noxt lover level (940 x reference
level) vhnere the dose rate is about 6000 millirads per day and the
dogs -have been under observation for over 5 years at the present
time. Observations on these and dogs injected with lower activities
will be continued.

Y, 1In uhe dog, there is & 1,000 to 10,000-fold reduction in the
9sr - 99Y concentration in SOfu tlssups such as the testes, seminal
fluid and ovaries compzred to that of bone (9). It is therefore,
highly unlikely physiologically to get substcntial doses to these
tissues without Tirst inducing lethal effects from the irradiation
of bore and bene merrow. This was also demonsirated in the minia-
ture swine experiments where feeding 9sr over three generations
produced no significant differences in litter size, percentage of
stillborn cr birth weight compared to unexposed control animals (5).
The feeding levels in both these studies resvlted in body burdens
in some animals that were 1,000 to 2,000 times the occupationzl
permissible body burden of %sr - 9% of 2 pCi.

In February 1971 the Atomlc Energy Comzaission sponsozed a symposi

at the University of California at Davis entitled "Biomedical Impli—
cations of Radiostrontium Exposure,” which brought together at one
time most of the world's experts on this subject, 1In addition to
scientists from all the AEC-sponsored long-tern Psr - Ny toxicity
studies, there wer~ also scientists present from the United Kingdom, '
Sweden, Netherlands and West Germany. The proceedings of this
symposium will serve as a useful compilation of the current state
of knowledge on this subject (10) as have several other volumes in
the past (11, 12, 13). , - : .

A large segment of the Davis symposium was devoted to discussions
of the extrapolations of these results to man. Dr. Charles Mays
- from the University of Utah presecnted an analysis of the availeble
data for dose-response relationships for several radionuclidss
including Psr - Py. He concluded that none of the experimsntal
data sugport a2 linear model for the induction of bone tumors by
POsr - RY over a broad dosage range in several animal species.

At low doses from B-emitters, the number of bone sarcomas is sub-
stantially lower than would be predicted from a linear non-threshold
model. He felt that the data strongly support a sigmoid model in
which the slope of the incidence curve is: _ , e

¥ For these beta-emitting radionuclides, the milliren unit is
' numerlc 11y equal to the millirad unit.
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a. very shallow at low doses, _

b. increasing in steepness as the high incidence values are
approached, .

c. leveling off at peak incidence, and

d. perhaps bending downward at super-high doses.

Because of the apparent sigmoid dose-response relationship, one can-
not use a single number to describe the incidence of bone tumors
for an incremant of dose. However, Dr. Mays did attempt to estimate
the risk to man frow low levels of PSr - 0y, His aporoach was the
following: From dose-respgnse data published recently for humens con-
taining body burdens of 220Ra (14), he calculated an upper risk limit
of 45 tumor casecs per 109 roreon millirads.® Other biologicsl gata
have indicated that Pgr - FOv is about 1/10 as effective as 22ORa in
producing bone tumors. Therefore, he presented 45 x 109 x 0.1 = 4.5
bone tumbr cases per 109 person millirads as being an upper limit for
the 50-year risk frowm low doses of Dsr - POy, Tne corresponding
lower 1imit would be zero. Beczuse of the sigmoid (non-linear)
response for “YSr - 9OY, he chose 1 bone tumor per 107 person nilli-
rads as his best estimate of the 50-year risk from low doses of
Nsr - Oy, The skeleton of an average man is currently exposed
to a yearly dose of 8 millirads from internally deposited Dgr - 0y
(15). Therefore, using his estimated risk of 1 bone tumor per 10
person millirads and a population of 2 x 10° people, for this dose
of 8 millirads, it would be estimated that a total of 1.6 bone
“tumors might be produced during the next 50 years.

1 tumor I
'x 2 x 108 persons x 8 millirads = 1.6 tumors

109 person millirads

¢

* lO9 person rillirads = 1 million man rads

T \ .
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