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In the year 1978 alone, nver 30 publications were registered
dealing with the bilological effects and radlation hazards due to the
intake and adsorption of Sr-90 (1). Some of these publications
include experimental results obtained from radioanalyses of Sr-90,
which by themselves are malnly hased on measurements of the short-
lived, separated daughter miclide Y-90, A delay of 10 to 15 days is
often necessary prior to the radioassay, in order to insure a large
enough Ingrowth of Y-90 (Ty = AL,1 h), ™is time interval can be
considerably reduced if the assay 1s carried out by Cherenkov
counting of the ingrowing yttrium. Cherenkov radiation is produced
in aqueous solutions by high energy 8~ particles and has been
successfully used for the determination of P-32 (2), Na-24 (3), K-40
(1) and ®b-86 (5). This work is an improvement of a procedure on the
assay of Sr-89 and Sr-90 in presence of each other, in which the
equilibrated Y-90 1is separated from the parent before counting; this
part of the procedure is superfluous if only Sr-90 is nresent. (6),

METHOD

The Cherenkov effect induced by the 2,27 MeV B-emitter Y-90 can
be measured with good effleiency using conventional 1liquid
scintillation counters (6). The weak contribution of the soft 8-s
from the parent Sr-90 is eliminated by sultable adjustments of the
galn setting and the base-line window opening in the counting
channel. Any detectable activity in a freshly separated Sr-90 sample
1s thus due solely to the ingrowing Y-90. The activity of the
strontium is calculated by use of the following expression :

_ cpm Y=90 (t) x exp Aqn{t, = to)
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the reference time of sanmpling;

t, = the final Sr/Y separation time;

tp = the Y-90 counting time;

A\gp and )Xy = the decay constants of the two radionuclides
(70,0243 y=! and 0,0108 h™! respectively);

VYop= the radiochemical vield of strontium;

&y = the counting efficlency of Y-90.

where : t o

o

THREORETICAL ASPECTS (summarized from 7,8)

Cherenkov radiation 1s produced when charged particles ( in our
case B-s) pass through a transparent medium at a velocity greater
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than that of light in the same medium, This radiation 1s eritted at
an angle 6 with resrect to the direction of the inducing narticle
according to (7) cos # = 1/n, where 3 is the veloclty ratio v/c and
n the refractive index of the medium., For relativistic electrons, 3

Ts related to the enerpv F (keV) of the particle, hv (7)
1.

8-{ I 1 72} . The threshold condition for Cherenkov
B=11 -|1m 71l J radiation 1s 3n = 1, so that if n for

{ water emals 1.332 then 8 must he > N.751.
This lower enerpyv threstiold is 263 keV, below which no Cherenkov

effect occurs. Towever nnlv R-emitters above 1 YeV esive sufficiently
high V*Pldﬁ to be of anv rractical sienificance (P),

Cherenkov radiation is one-directional , weak in intensitv and
has a continuous srmectrum mainly in the ultraviolet, with only a
small rortion extending into the visihle region (7).

RESULTS AND DTSCUSSTON

A1l the measurements were conducted with 20 ml aaueous
solutions in standard nolvethylene counting vials., ™o ontional
1iquid seintillation srectromefers were used, the Packard ™ricarb
Yodel 339N and the older Model 32145 the working conditions for hoth
Instruments are surmarized in table 1,

TARTE 1. Yorkine conditions for the Cherenlov countine of Y-00

Triearb 3300 Tricarh 3014
nain % bn 30
Window onening 100 - 1000 50 -~ 1000
Ootmting efficiency e =Nn03 £ =0.30
Rackpgrnund 9 - 11 11 - 13

The data in table 2. are 2 measure of the feasability of
assaying a sammle before the Sr/V equilibrium is reestahlished. Tt
pives the magnitude of the experimental error that can be
anticipated if the Y-90 counting is carried out at various time
intervals after the final seraration and purification of strontium.
Activities as low as 10~% ut1 per vial can be measured with
reasonable accuracy after onlv 2 dayvs following the seraration,
Lower activities require longer nerilods of time for the Y-90
ingrowth, but even for 10~° uti 5 days seem to be sufficient.

The radiochemical vield was determined with the heln of the y-
emitting Sr-85, Additions of un to 2000 dpm were not detectable at
our working conditions. With activities higher than .01 uCl larger
aliquots of the marker Sr-85 are desirahle (f).

The lower limlt of detection is about 3 x 10~® uCi at
conditions of secular eamilibrium (= 18 d), which in practice
amounts to 2 or 3 epm above backeround. An assay of such very low
activities requires long counting fimes (about 500 counts per
sample), 1f the measurements are to he statisticallv sipnificant. In
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additlon, too early counting of such samples would introduce an
error due to an Increase in the activity of the ingrowing Y-90,
during the measurement itself. Verv low activities should therefore
be assayed only after the Sr/Y enquilibrium has been reestablished.

TABLE 2. FEstimated overall errors for Sr-90 activities, measured at
various time intervals after the separation from Y-90
( counting times ner sample : 100 minutes or less)

Y-90 inprowth + 95% confidence limit, in % of activity :

time (bt =t ) 0l - .15 .03 = .0NQ 8x10=% - ,0n1 10-5
(days) (uci) (ucy) (uC1) (uCi)
<1 30, - - -
1-2 hu 8.1 - -
2-3 b5 5.9 34, -
3-5 5.6 5.7 23. -
5-17 £.0 7.7 9.0 15.

RECOMMENDED PROCEDURE (short summary)

1. About 5 to 10 mg of inactive carrier and a known activity of
Sr-85 tracer (1073~ 10~* dmm) are added to the original sample. The
strontium 1s separated and nurified by a standard radiochemical
procedure.

2. The agqueous sample is transfered into a polyethvlene counting
vial and made un to the desired volume (20 ml). Tt should he ready
for measurement 20 hours after the final Sr/Y separation step. The
pain settings and window openings on the 1liquid scintillation
snectrometer should be arranged in such a way as to eliminate
the contribution of the parent nuclide Sr-90; only the ingrowing
Y-90 1s counted,

3. If necessary, the measurements are repeated on consecutive
days unt1l the destired precision is achleved. The radiochemical
vield 15 determined by commarison with a blank Sr-85 sample.
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