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Maximum Permissible Body 
Burden of Strontium-90 

Abstract. The permissible body burden 
of Srw0 is discussed with respect to the 
mode of intake. It appears that the maxi- 
mum permissible load may depend on the 
type of exposure, acute or chronic, the 
acute being the more serious. 

The purpose of-studying the distribu- 
tion and metabolism of bone-seeking iso- 
topes is to make it possible to derive the 
dose rates (local and average) to differ- 
ent parts of the skeletal tissue. In this 
way it may be possible in the end to es- 
tablish values for the maximum permis- 
sible body burdens of various bone-seek- 
ing isotopes. This procedure includes a 
comparison of the derived dose rates 
with those judged to be necessary and 
sufficient for the production of various 
biological effects, such as malignant 
blood and bone changes. This seems at 
present to be a possible means of hazard 
evaluation, when lack of data makes di- 
rect comparisons difficult between the 
body burdens of different isotopes and 
the resulting biological effects. 

The foregoing argument is general in 
that it applies to most bone-seeking iso- 
topes. A general treatment of the prin- 
ciples for dose-rate calculations for such 
isotopes has recently been given (1). 
Specific isotopes have, furthermore, been 
treated in several works. In the follow- 
ing discussion (2) Sr90 will be chosen to 
illustrate the method proposed for esti- 
mating maximum permissible body bur- 
dens. 

It has been calculated (1) that the 
skeletal tissues receive a dose rate of 2.6 
rem/year (or 7.25 mrem/day) on the 
average, from a total body burden of 1 
ic of homogeneously distributed Sr90. 
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This assumes a homogeneous dispersion 
of the Sr90 in the 7000 g of skeletal tissue 
(the standard man). A body burden of 
1 [ic of Sr90 is equivalent to 1000 S.U. 
(sunshine units, or [Ltc of Sr90 per gram 
of Ca). 

It is obvious from several investiga- 
tions that the assumption of a homo- 
geneous Sr90 distribution is unrealistic, 
since Sr90 occurs both as a general dif- 
fuse labeling and in localized sites (re- 
active bone) of microscopic and macro- 
scopic dimensions. If the dose rates are 
calculated in relation to the isotopic 
content of the reactive bone sites, where 
a great deal of Sr90 is found, more 
realistic data may be attained. It is there- 
fore necessary to consider the geometri- 
cal distribution of these reactive sites. 

The geometrical configuration may be 
accounted for by two extreme cases, the 
cylindrical geometry of the Haversian 
systems and the more irregular appear- 
ance of the labeling in spongious bone. 
Estimates show that spongious bone is 
often the more important tissue when 
high dose rates are considered. However, 
it is an impossible task to make exact 
dose calculations for the spongious bone. 
A simplified geometry has to be assumed, 
and this has been done in a recent mono- 
graph (I) in which a system of plane 
parallel slabs of reactive bone inter- 
spersed with regions of bone marrow is 
considered. It is found that a homo- 
geneous contamination of the reactive 
bone slabs with 1 mCic of Sr90 per gram 
of bone may give maximum dose rates 
of 25 to 35 mrem/day to bone and bone- 
marrow cells, with corresponding aver- 
age values of 15 to 20 and 12 to 16 
mrem/day. It is now important to re- 
member that the reactive bone consti- 
tutes a certain fraction of the 7000 g of 
bone tissue that the standard man is sup- 
posed to contain. This fraction varies 
with the state of growth and remodeling 
of the bone tissue. It thus differs for chil- 
dren and adults as well as for different 
bones and parts thereof within the same 
skeleton. It appears legitimate to assume 
a fraction of around 0.20 to 0.25 to be a 
representative average figure. Thus, 1400 
to 1750 g of the skeleton is considered to 
be reactive. In adults it can be estimated 
that approximately half of the reactive 
bone is found as spongious bone where 
the major part of the blood-forming 
bone marrow is situated. 

If the maximum permissible value of 

1 tc of Sr90 is considered, the following 
dose rates are obtained: 7000 g of bone 
will receive more than 1.8 mrem/day 
and, on the average, 5.5 mrem/day; 700 
to 900 g of spongious bone will, on the 
average, receive 10 mrem/day-in some 
parts, 21 mrem/day; 1500 g of red bone 
marrow will receive more than 1.8 
mrem/day and, on the average, 7.5 
mrem/day; 1100 g of red bone marrow 
will receive an average of 9 mrem/day 
-in some parts, 21 mrem/day. 

The maximum-dose-rate values given 
above are based on one assumption 
which is obviously not fulfilled-namely, 
that of homogeneous labeling of the dif- 
ferent reactive sites or "hot spots" in re- 
lation to each other. However, variations 
in the Sr90 concentrations are to be con- 
sidered rather the rule than an excep- 
tion. Regions of the same dimensions as 
the average range of Y90 beta particles 
(~ 2 mm) and containing a large num- 
ber of hot spots may differ from the 
average in Sr90 concentration by a factor 
of 5 to 10. This implies a corresponding 
increase in the maximum dose rates to 
some parts of the bone tissue. 

It should finally be pointed out that 
the simplified geometry used to depict 
the spongious bone may lead to dose-rate 
values that are too low in comparison 
with those for biological material. It is 
easy to conceive of geometrical arrange- 
ments (for example, bone lamellae meet- 
ing in a corner or inhomogeneous activity 
distribution within hot spots) which will 
give locally a two- to threefold increase 
in the maximal dose rate. A body bur- 
den of 1 xc of Sr90 acquired in one ex- 
posure may thus give dose rates on the 
microscopic level as high as 300 to 500 
mrem/day to certain parts of the reac- 
tive bone tissue and the bone marrow. 

It seems advisable to correlate the per- 
missible body burden with the maximum 
local dose rates rather than with the 
average whole-body values. The produc- 
tion of bone and blood malignancies is 
probably dependent on the local micro- 
scopic conditions-that is, on the local 
dose rates. Thus, when we compare the 
dose rate of 300 to 500 mrem/day from 
1 jcc of Sr90 with the dose of 1000 rem 
which is considered after a relatively 
long period to be significant in the pro- 
duction of biological damage to bone 
tissue, it is apparent that this dose (1000 
rem) may be attained within 10 years. 
This suggests a revision of the value for 
the maximum permissible body burden 
of Sr90 to 0.1 !Lc instead of the currently 
accepted value of 1 ,c, which was de- 
rived from comparison with radium data. 

The foregoing argument is concerned 
with acute or short-time poisoning with 
Sr90. If Sr90 is taken into the body over 
a considerable period, the situation is dif- 
ferent, as the pattern of isotopic locali- 
zation becomes different. Such "chronic 
poisoning" conditions prevail today for 
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children born in recent years, as essen- 
tially all calcium available in the bio- 
sphere is, and will be, contaminated with 
Sr90 from weapon tests. 

If in the first instance considered 
above a uniform contamination is as- 
sumed, 7000 g of bone will receive an 
average dose of 7.25 mrem/day. This 
dose rate is maximal to red bone mar- 
row, which on the average receives 1.5 
mrem/day. The degree of mineraliza- 
tion varies, however, and it is found, on 
comparing regions of the same dimen- 
sions as the average beta range (~ 2 
mm), that there may be calcium con- 
centrations which differ from the aver- 
age by a factor of 2 to 3. This implies 
that certain parts of the bone and bone 
marrow may receive doses of around 15 
mrem/day. 

It is apparent, however, that a con- 
stant intake of Sr90 will not give a non- 
uniform contamination of the skeleton in 
the sense described above. The mecha- 
nism of remodeling and exchange gives 
rise to a biological half-life for Sr90 in 
the skeleton, and the radioactive decay 
has some influence, as well, on the equi- 
librium state. If we assume an effective 
half-life of 2700 days (7.4 years), the 
Sr90 concentration may be expected to 
vary from the average by a factor of 
about 2 for a 15-year period and by suc- 
cessively larger factors for longer periods. 
To some extent this fact is accounted 
for by the differences in mineralization. 
Therefore in the case of chronic poison- 
ing with Sr90 a higher figure than 0.1 uc 
is tolerable as total body burden; tenta- 
tively, the 1 Ic level may be considered 
to be tolerable. 

Today the Sr90 contamination of the 
geosphere and the biosphere is steadily 
increasing. This corresponds to a situa- 
tion with aspects that lie somewhere be- 
tween those of acute and chronic Sr90 
poisoning. Children in the 0- to 5-year 
age group are examples of individuals 
with chronic poisoning conditions. Adults 
above 20 years of age are more likely to 
be examples of acute poisoning. 

It should finally be pointed out that 
the conditions described here in relation 
to Sr90 have their counterpart for other 
isotopes. For instance, it seems that the 
evaluation of the hazards from radium 
poisoning should take into account the 
difference between acute and chronic 
poisoning. This is the more advisable 
since the' short range of Ra alpha par- 
ticles will cause greater differences in 
the local dose rates than is the case with 
Sr90. 

R. BJ ORNERSTEDT 
Research Institute of National Defense, 
Stockholm, Sweden 
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Notes 

1. An extensive bibliography is to be found in A. 
Engstrim et al., Bone and Radiostrontium 
(Almqvist and Wiksell, Stockholm, 1958). 

2. This article is part 3 of a series on health 
hazards from fission products and fallout; for 
part 1, see K. Low and R. Bj6rnerstedt, Arkiv 
Fysik 13, 85 (1957); part 2, by R. Bjirnerstedt, 
is in preparation. 
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Release of Autonomic Mediators 
in Cardiac Tissue by 
Suprathreshold Stimulation 

Abstract. Pharmacological evidence is 
presented supporting the theory that the 
increase in contractile strength of isolated 
cardiac muscle under suprathreshold stim- 
ulation is due to the release of an adre- 
nergic mediator (norepinephrine). How- 
ever, release of this material does not 
account for changes in contractile strength 
associated with changes in frequency of 
stimulation at threshold levels. 

Whelan et al. have reported that dur- 
ing periods of suprathreshold stimula- 
tion (stimulation at voltages well above 
threshold) contractile force of isolated 
cat papillary muscle gradually increases, 
while that of the cat atrial strip gradu- 
ally decreases, or first decreases and then 
increases (1). They tentatively attributed 
these alterations in force to release of 
autonomic mediators by the suprathresh- 
old stimuli, release of acetylcholine me- 
diating a decrease, and release of "one 
of the epinephrine compounds" medi- 
ating an increase. A similar postulate had 
been made previously by Nelemans (2) 
and by Ursillo (3) to explain force 
changes following short periods of tetanic 
stimulation of spontaneously beating frog 
heart and mammalian atria, respectively. 

Several years ago, while working with 
isolated left atria, we encountered the 
same phenomena reported by Whelan 
(4). With guinea-pig atria at both 27? 
and 37?C, suprathreshold stimulation in- 
creased contractile strength (Fig. 1B), 
whereas with rat atria at 27?C, it pro- 
duced either a decrease or a decrease 
followed by an increase. Since the de- 
crease in contractile strength produced 
in rat atria could be blocked by atropine 
and potentiated by physostigmine, we 
concluded that it was mediated by re- 
leased acetylcholine. However, we were 
unsuccessful in our early attempts to 
obtain convincing pharmacological evi- 
dence that the increase in contractile 
strength produced in guinea-pig atria 
was due to release of adrenergic medi- 
ator, since none of several adrenergic 
blocking agents, including dibenamine, 
available to us at the time produced a 
clear-cut blockade of the increases in 
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available to us at the time produced a 
clear-cut blockade of the increases in 
strength elicited by epinephrine and nor- 
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strength elicited by epinephrine and nor- 
epinephrine. 

During the past year we have returned 

to the problem of identifying the potenti- 
ating material released by suprathreshold 
stimulation of guinea-pig left atria, mak- 
ing use of two newer pharmacological 
agents. One of these agents is 1-(3',4'-di- 
chlorophenyl) - 2- isopropylaminoethanol 
hydrochloride (DCI), which recently has 
been reported to be an effective blocking 
agent against both the inhibitory effect 
of sympathomimetic amines on certain 
smooth muscles and the stimulating ef- 
fects of these amines on the heart (5). 
The second agent is reserpine, which 
causes a rapid and drastic depletion of 
the endogenous catechol amines (chiefly 
norepinephrine) of cardiac tissue when 
it is administered to animals at high dose 
levels (6). 

Exposure of guinea-pig left atria to 
about 10-4 g of DCI per milliliter for 
10 to 20 min effectively antagonized the 
positive inotropic action of epinephrine 
and norepinephrine (Fig. 1, A and C). 
The antagonism persisted for long pe- 
riods after washout of the DCI, whereas 
certain undesirable side effects of DCI 
at the concentration used-such as de- 
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Fig. 1. Effects of suprathreshold stimula- 
tion and of epinephrine on contraction 
amplitude of isolated left atria of guinea 
pig under various conditions. Recordings 
were made with an ink-writing isotonic 
lever, exerting lg tension on the atrium, 
which was suspended in 20 ml of oxygen- 
ated Krebs bicarbonate solution (pH 7.4) 
at 27?C. The stimulus was provided by a 
Grass 4C stimulator (biphasic pulse, 1 to 
2 msec duration) at a frequency of 1 per 
second through Ag-AgCl electrodes. A, 
Effect of epinephrine on atrium from a 
normal guinea pig; B, effect of supra- 
threshold stimulation on the same atrium; 
C, effect of epinephrine on the same 
atrium after treatment with 10-4 DCI for 
10 min; D, effect of suprathreshold stimu- 
lation on the same atrium after DCI treat- 
ment; E and F, effects of suprathreshold 
stimulation and of epinephrine on atrium 
from a reserpinized guinea pig. 
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