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Fig. 1. The log of relative percent trans-
mission (F') versus the log of concentra-
tion for various sizes of cuvettes: “A,”
46 mm by 10.5 mm square; “B,” 40 mm
by 7 mm round; “C,” 20 mm by 3 mm
square; at peak excitation of 285 mu and
peak emission of 350my in 0.1N sulfuric
acid for morphine.

ducible at a particular wavelength over
some range of concentration for below-
concentration quenching dilutions.

For the same compound at a par-
ticular concentration, F’ is proportional
to the “effective” optical light path, and
as b increases the value of (1 — 107°)
approaches unity (Eq. 2). The “effec-
tive” optical light path can, in theory,
be lengthened by increasing the cuvette
width.

F =K (1—10") )

where K is the factor for the multiple
values, ¢, ¢, I, and c.

With the use of 0.1N sulfuric acid
solutions of morphine, the 285 my, peak
was used as the major activation to
excite maximum emission at 350 mp
(4). A second excitation peak observed
at 245 myu may be the actual major
one, but the rapid falloff of I, below
280 my, for the xenon lamp would mask
this. The plot of the log of F’ versus
the log of ¢ was previously shown (4)
to be linear from 0.1 to 100 ug/ml with
solutions in the “A” cuvette (described
below). At higher concentrations there
was a marked decrease in fluorescence
which may be interpreted as being con-
centration quenching of the ionic dimer
type theorized by Forster (5).

For true quenching it would be ex-
pected that a plot of concentration

versus fluorescence would be linear for

dilute solutions, reaching a maximum
with increasing concentrations, and
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finally decreasing with further change
in concentration. The measurement of
fluorescence emission at angles less
than 90° to the exciting source results
in a similar plot, but the range of
linearity is extended by several magni-
tudes (6). Since most available spectro-
fluorometers and fluorometers are used
to measure emission at either 90° to
the exciting radiation or directly
through the solutions, a special instru-
ment or modification (6) of existing
instruments would have to be used to
show that reabsorption at higher con-
centrations is responsible for “ap-
parent” concentration quenching. In
place of modifications, the light path
was increased simply by using wider
cuvettes.

Various cuvette sizes (7) are availa-
ble with adaptors for the Aminco-Bow-

man instrument. It was expected that .

at concentration quenching ranges the
fluorescence would decrease in the
order of the decrease of cuvette width:
“A,” 46 mm by 10.5 mm square; “B,”
40 mm by 7 mm round; “C,” 20 mm
by 3 mm square. This would obey Eq.
2. The lens effect for the round cuvette
is probably slight for the narrow slits
used in these studies. The results shown
graphically in Fig. 1 indicate that with
the smallest cuvette “C,” the F' is
greater at high concentrations. There-
fore, an absorption effect, and not con-
centration quenching, accounts for the
decreased F’ for longer b. Linearity is
noted for the “C” cuvette at 100
pg/ml until close to 1000 pug/ml.
This is an extension of the utilizable
fluorescence range. At lower concen-
trations, the emission from the “C”
cuvette begins to correspond to Eq. 2,
and at 5 ug/ml, the emission yield is
below that of either of the two others
used, thus showing the validity of Eq.
2 for this range.

Excitation peak shifts to higher wave-
lengths are observed as concentration
increases. These shifts of intensity are
shown as dotted lines in Fig. 1 and are
caused by the same inner filter effect
that yields “apparent” concentration
quenching. A compound with an ab-
sorbance of 0.02 would introduce an
inner filter error of about 4 percent
(I). As the absorption increases, this
error increases, owing to the failure of
excitation of a large portion of the
molecules present. This same phe-
nomenon is dramatically noted in the
visual observation of fluorescein solu-
tions at high concentration (107~ to
107°M). In obtaining absolute quantum

efficiencies (8), this effect is avoided by
surface emission detection.

The possibility for the oxidation of
morphine to pseudo-morphine at room
temperature (25°C) in acid is elimi-
nated in these measurements by prepar-
ing solutions directly before measure-
ment (9; 10).
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Strontium-90 in Hair

Abstract. The hair of rats injected
with strontium-90 retains a significant
amount of the radionuclide. Although
the strontium-90 content of hair is vari-
able in these rats and appears to be sub-
ject to a variety of influences, determi-
nation of the radionuclide content of
hair may offer a nondestructive method
of estimating strontium-90 in bone.

Since hair contains strontium as well
as a variety of other elements (/), we
decided to determine whether strontium-
90 accumulates in this tissue to an ap-
preciable degree. Accordingly, we as-
sayed the hair of rats with varying body
burdens of Sr?° and found that their
hair contained significant amounts of
this radionuclide.

Hair was clipped from groups of 4 to
12 adult rats whose body burden of Sr°°
had been established by injection on the
300th day of life, or in utero. In the
latter cases the mothers were injected
on the 17th or 20th day of pregnancy.
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A suitable number of uninjected rats
from the same colony were used to pro-
vide control hair. The hair was usually
taken from the back, but in some cases
the rat was clipped almost completely.
Approximately the same amount of hair
was taken from each rat.

The clippings were combined by
groups, weighed dry, washed with
water containing a detergent, rinsed
well with tap water, and finally rinsed
with 1N HCl. This treatment removed
surface dust, oils, and other materials
from the hair. Subsequent assay of the
wash liquors showed that surface con-
tamination with Sr’® was negligible.

The washed samples were dry ashed
in a muffle furnace at 600°C. The ash
was taken up in 0.5N HCl, and the
solution was brought to a standard
volume. One-milliliter aliquots were
measured in a deep-well counter cali-
brated against a U.S. Bureau of Stand-
ards Sr?°-Y®° solution, and the Sr?°
content of the hair was calculated.

The Sr®° content of the pooled sam-
ples of hair from control and experi-
mental rats is compared with the body
burdens in Table 1. The control hair
had no activity, corresponding to the
body burden, but the hair from the in-
jected rats showed variable levels of
Sr®0 activity. The highest values were
found in the hair from the groups in
which the body burden had been estab-
lished in adult life 0.6 to 2.0 months
prior to the determinations. A level of
65,200 pc per gram was found in the
hair of rats with an average body bur-
den of 57.8 uc 0.6 month after injec-
tion. In contrast, the hair of rats with
body burdens established in utero 4.3 to
5.7 months prior to the determinations
showed levels of activity varying from
320 to 960 pc per gram.

The lower level of activity in the hair
of the rats with body burdens estab-
lished in utero may be due largely to
loss of hair during growth from birth to
adulthood, during which four to five
hair growth cycles may have occurred
(2). Sternberg (3) observed in his
study of the distribution of Sr°° in
guinea pigs that an average of 0.06 per-
cent of the injected nuclide appeared
in the hair within 24 hours after admin-
istration whether the dose was given
orally or subcutaneously. Accordingly,
the transfer of the nuclide to the hair
must be rapid. It seems probable that
autoradiographs of rat hairs taken at
intervals after injection of Sr°® might
show the rate at which the nuclide is
incorporated into the hair.

Our studies do not show the form in
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Table 1. Strontium-90 content of hair.

Sroo
Av. Rats Skel- or
body in etal Hair gl:am
burden group expo- (® of
per rat  (No.) sure hair
)
(uc) (mo. (po)
Control
0 8 37.3 0
0 10 38.1 0
Established during adult life
57.8 11 0.6 18.0 65,200
36.0% 4 2.0 9.0 8,200
Established in utero
2.0% 4 4.3 17.3 320
0.5% 8 5.7 28.2 960
0.17 S 12 5.7 41.0 360

* The average body burden decreased from 54 uc
to 17 uc during the 2-month period. 1 Mothers
of this group were injected on the 17th day of
gestation. 1 Mothers of this group were injected
on the 20th day of gestation.

which the strontium is present in the
hair, and this might be difficult to de-
termine because of the extremely low
concentration. It is known from the
work of LeBlond (4) that iodine in
hair is present as inorganic iodide, and
from the work of Brown-Grant and
Pethes (5) that radioiodine accumu-
lates in the hair to the extent of 0.05
percent of the injected dose per gram
of tissue 250 hours after intramuscular
administration of sodium iodide-131.
Similarly, Ballou and Thompson (6), in
their comprehensive investigation of the
metabolism of zinc-65 in rats, have ob-
served that animals chronically dosed
for 407 days with zinc-65 show hair
values of 27 percent of the daily dose
per gram of tissue against femur values
of 12 percent. Indeed, the thyroid-
seeking iodine-131 and the bone-seeking
zinc-65 show high values in hair com-
pared with other tissues.

The biological mechanisms by which
various radionuclides are incorporated
in hair evidently differ. Ryder (7)
showed that rats and mice injected with
copper-64 of half life 12.8 hours, and
killed 1 to 13 hours later, did not local-
ize the nuclide in the hair follicle,
whereas they did localize radioiodine
and radiozinc there. Since the copper
of ascorbic acid oxidase cannot be ex-
changed for cupric ion in solution (8),
a copper bonding in hair equivalent to
covalent bonding may explain Ryder’s
results (7). As mentioned above, hair
seems to contain iodine as inorganic
iodide, but zinc, strontium, and other
polyvalent metals may be organically
bound. To define these relationships to
hair elements, comparative studies with
rats are in progress, on the incorpora-
tion of several isotopes in plucked as
well as clipped hair, and in freshly

grown hair on skin plucked prior to
the injection of the radionuclides. Auto-
radiographs may be helpful in this study
of nuclide distribution in the follicle.

Although these preliminary studies
suggest that analysis of hair may fur-
nish a nondestructive method of meas-
uring bone-seeking radioelements, much
additional work is needed to define the
limitations of the method, especially as
it applies to man. It seems doubtful
that hair, or hair ash, from herbivores,
such as cattle or sheep, or from man,
contains enough Sr°° from fallout to be
detected directly by the methods used
in this work, where the counting effi-
ciency was about 10 percent. But pro-
cedures for concentrating radionuclides
are so well developed that hair could
be employed for monitoring Sr°° fall-
out, if desired. Since most reports (9)
on Sr®° fallout are expressed as pico-
curies of Sr?® per gram of calcium, ad-
ditional measurements on the calcium
content of hair are required. The data
(I, 10) on the calcium content of
human hair indicate a range of 188 to
4900 parts per million, but there are
few determinations on the calcium con-
tent of the hair of laboratory and
domestic animals. Similarly, the varia-
tions in the stable strontium content of
hair are not well defined for either man
or animal. Until values are available
on the stable strontium and calcium
content of hair, the Sr°° content of
hair and the Sr?°/Ca ratios cannot be
studied completely (17).
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