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ABSTRACT OF THE DISCLOSURE 

A generator of a daughter radionuclide, particularly 
radioactive indium (lnmm), and a method of loading a 
particulate substrate of the generator with a parent radio 
nuclide. The daughter radionuclide, which results from 
the radioactive decay of its parent, is selectively extracted 
from the substrate by a mineral acid solvent (eluant), 
such as hydrochloric acid (HCl) at a concentration less 
than one-tenth normal l(0.1 N). 

An appropriate substrate is of zirconium oxide (ZrO2) 
in two layers of different granularity. Flow of the extrac 
tive eluant through the substrate is regulated by a flow 
distribution cap, which also holds the substrate in place 
within the generator, and by various porous layers inter 
mediate to the substrate and at its extremities to prevent 
drying of the substrate, thus, avoiding channelled flow of 
the eluant. 
The substrate is loaded by depositing the parent radio 

nuclide in the form of radioactive tin (Sum), as by per 
colation with an aqueous solution of hydrochloric acid 
and tin at a normality between 0.1 and 1.0; washing the 
substrate; and repeating the foregoing set of steps, using, 
for each succeeding set of steps, the percolating e?luent 
used in the immediately preceding set of steps. 

BACKGROUND OF THE INVENTION 

The present invention relates to the generation of radio 
active indium (particularly Inmm) especially for medical 
and industrial scanning and tracing, using radioactive tin 
(Sum) over a wide range of speci?c activity as a precursor 
radionuclide from which In113m is generated by radioac 
tive decay. 

Radioactive indium in the form of I11113m has certain 
advantages over other radioactive scanning and tracing 
agents, such as T0991“, I131, Hg197 and Hgm. For example, 
from a medical standpoint, the delivered radiation dosage 
to a patient is much lower using lnllsm than when using 
I131, Hg“’7 or Hgm, while at the same time In113111 achieves 
scanning resolution comparable or superior to these other 
nuclides. As compared with Tcggm, In113m has the advan 
tage of a shorter half life, i.e. 1.7 hours as compared with 
6.0 hours for Team. This shorter half life, together with 
the fact that In113m radiates no beta particles, for example 
as compared with I131 .and Hgm, decreases patient radia 
tion dosage. Also, the shorter half life simpli?es decon 
tamination procedures in the laboratory and hospital and 
permits radiotracer procedures to be performed on the 
patient after a shorter decay interval than is the case for 
any of the above mentioned radionuclides. Further, with 
respect to the generator itself, this short half life permits 
more frequent elution of the In113m from the generator, 
as compared for example with Tc99m, since the rate at 
which the daughter (In113m in one case, and Tc99m in the 
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other case) is generated from the parent is controlled pri 
marily by the half life of the daughter. 

Although, because of the lack of beta particles and the 
short half life of Inn-3m, relative to 1131, radiation dosage 
to the patient is decreased, nevertheless, In113m has an ad 
vantage over other replacements for I131 in that it emits 
gamma rays which can be scanned using the same conven— 
tional equipment used for I131. This is true because the 
principal gamma ray energy of I131 is 364 kev. and that of 
In113m is 390 kev. By contrast, the gamma ray energy of 
Tc99m is 140 kev. and requires the use of substantially 
different collimation components of the scanning equip 
ment. 
The post-elution chemical procedures for treating the 

eluted daughter to prepare the ?nal scanning agents are 
generally simpler for In113m than they are for Tcggm. 
Not only does In113m offer the aforesaid advantages but, 

in addition, an Sum-In113m generator system is highly 
desirable because Sn113 has a relatively long half life of 
118 days compared with 67 hours for Mo99 from which 
Tcg9 is generated. A long parent half life is desirable, 
?rstly, because the longer the parent half life, the longer 
the useful life of the generator, and secondly, because pro 
duction and delivery of the generator can be carried out 
on a more convenient schedule. Thus, with a shorter lived 
parent, shipping and delivery schedules must be closely 
observed, with resulting higher costs, to make sure that 
delays are minimized. Furthermore, a shorter lived genera 
tor must be prepared to order, whereas a long lived gen 
erator can be prepared conveniently for stock. 

All of these advantages make an Sum-In113m generator 
highly desirable. 

Although there have been attempts to provide a com 
mercially useful Snug-In113m generator system, until the 
present invention no one has successfully done so. 

in order to understand the problems involved in pro 
viding such a system, it is necessary to explain the prin 
ciples of a parent-daughter radionuclide generator of this 
type. In the conventional form of such a generator, the 
parent radionuclide is deposited or ?xed on a solid partic 
ulate substrate, e.g. alumina, zirconium oxide, organic ion 
exchange resins, etc., in the form of a column. The parent 
is a radionuclide having a relatively long half life and 
decaying to the daughter which has a relatively short half 
life, this relatively short half life being one of its desirable 
properties as a radioactive scanning agent, but at the same 
time making its storage and shipment dii?cult. In effect, 
with the aforesaid generator system, the shelf life of the 
daughter becomes that of the parent since it is available 
as long as the parent is available. When it is desired to use 
the daughter, it is extracted or eluted from the generator 
column by passing a solvent, selective to the daughter, 
through the column. The eluting solvent must have the 
property of efficient removal of the daughter from the gen 
erating column without removal of any signi?cant fraction 
of the parent. The daughter continues to be generated in 
the column as long as the parent remains. 
There were a number of major problems in achieving 

a commercially satisfactory Snll-Lln113m generator. First 
ly, Sn113 is a costly material and must be utilized ei‘?cient 
ly in loading the generator in order for cost of the gen 
erator to be commercially acceptable. Secondly, dif?culty 
was met in achieving satisfactorily high yields of In113m 
in the eluting ?uid without substantial leakage of the 
parent Sn113, i.e. without the eluting ?uid containing un 
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acceptable amounts of the Sum. Such leakage renders the 
generator unaceptable because the product eluate contains 
the long lived impurity, Sum, thereby making it more 
dangerous for medical use as well as shortening the life 
of the generator. Thirdly, di?iculties were met in deposit 
ing or ?xing on the substrate column a suf?cient mass 
of tin to achieve adequate Sn113 intensities. Fourthly, dif 
?culties were met in preventing channeling of the eluting 
solution through the column, which is undesirable be 
cause only a fraction of the column capacity is achieved 
resulting in low elution yields and reduced tin retention 
capacity. Fifthly, difficulties were met in preventing the 
column from drying between elutions with consequent in 
consistencies in elution ?ow rate and elution et?ciencies. 
Sixthly, di?iculties were met in reducing the concentra 
tion of dissolved substrate matter in the eluant to accept 
able levels. Post elution chemistry is complicated by the 
presence of such substrate material. 
The present invention provides for the ?rst time a com 

mercially acceptable SnMLIn113m generator system and 
method which overcomes all the aforesaid di?’iculties. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, high 
In113m yields are achieved in the eluting ?uid with mini 
mum leakage of Sn“3 and substrate material, to thereby 
solve these problems, by using as an eluting ?uid, with 
a zirconium oxide substrate material, an aqueous solution 
of HCl at a concentration of less than 0.1 N, and pref 
erably between about 0.02 N and 0.08 N. The most pre 
ferred HCl concentration is from about 0.04 N to 0.06 N. 
Optimum results have been achieved with an HCl con 
centration of 0.05 N. Although other acids, particularly 
mineral acids, such as HNO3 and HBr can be used in 
place of HCl, the latter is highly preferred. 

Also, according to another aspect of the present in 
vention, the Sun3 is loaded on the particulate substrate, 
particularly ZrO‘Z, to produce the In113m generator by the 
steps of ( 1) contacting the substrate particles with an 
Sn113 solution to deposit Sun3 on such particles, (2) sep 
arating the solution from the particles (preferably steps 
(1) and (2) are carried out by ?owing the solution 
through a column of the substrate particles), (3) then 
Washing the particles (preferably by passing a wash solu— 
tion through the column) and (4) repeating these steps 
at least once, but preferably twice, using as the Sn113 solu 
tion in each repeat of step (1) the spent separated Snll3 
solution from the preceding treatment with Sn113 solu 
tion, to thereby overcome the aforesaid loading difficulty 
and the aforesaid di?‘iculty of achieving adequate Sum 
column intensities. Preferably, the Sn113 is in an aqueous 
HCl solution having a normality of less than 1.0 and more 
than 0.1, preferably, ‘between 0.3 and 0.5, and which has 
been treated with an oxidizing agent, preferably by bub 
bling chlorine gas through it, and the wash solution is 
an aqueous HCl solution between 0.02 N and 0.08 N, 
preferably 0.04 N to 0.06 N. 

Also, according to a further aspect of the invention, 
the generator comprises two layers of the particulate sub 
strate, preferably zirconium oxide particles, the upper 
layer being relatively coarse and the lower layer relatively 
?ne. These layers are separated by a porous, liquid-re 
taining layer of an inert material, preferably glass Wool, 
having pores small enough to retain the eluting liquid. 
The upper coarse layer is covered with a similar liquid 
retaining layer and the entire assembly is secured within 
the column container at its bottom by a porous support 
secured to the container and at its top by a cap secured 
in the container and having perforations distributed over 
Sn113 solution to deposite Sn113 on each particles, (2) sep 
dii?culties of channeling due to drying of the coarse sub 
strate and due to nonuniform ?ow over the column cross 
sectional area, are overcome. 
The objects and advantages of the invention will be 

apparent from the following description and the accom 
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4 
panying drawings of an illustrative embodiment of the 
invention: 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG, 1 is an elevational view in section of a radionu 

clide generator embodying the invention; 
FIG. 2 is a horizontal sectional View along the section 

line Z-2 of FIG. 1 showing a top view of a flow distri 
bution cap; 

FIG. 3 is a perspective view of the flow distribution cap 
shown in FIG. 2; 
FIG. 4 is a partial sectional and perspective view of a 

composite assembly including the generator of FIG. 1 
and a shield for the generator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to the drawings, a generator 10 embody 
ing the present invention is constituted of a hollow cylin 
der 20 of durable and chemically inert composition, de 
sirably glass, which incorporates a radionuclide generator 
column 30. The cylinder 20 extends from an outwardly 
?ared portion 21 to a constricted portion 22 taking the 
form of a spout. 
The generator column 30 includes two substrate layers 

31 and 32 which are supported by a porous supporting 
layer 40. The substrate layers 31 and 32 are desirably 
particles of zirconium oxide (ZrOz), with the upper layer 
31 being composed of coarser particles than the lower 
layer 32. The porous support layer 40 is of durable and 
chemically inert composition, ‘being advantageously of 
fritted glass which is sealed to the inside wall of the 
cylinder 20. 
Disposed between the two substrate layers 31 and 32 

is an intermediate layer 33 of porous and inert material 
such as glass wool. At the top of the generator column 30 
is a further layer 34 of porous and inert material such 
as glass wool. The column 30 is held in place against the 
support layer 40 by a ?ow distribution cap 50, which is 
chemically inert with respect to the substances used in 
conjunction with the generator 10, At the same time 
the cap 50 is ?exible so that it will grip the interior wall 
of the cylinder 20. Plastic has been found to be a suitable 
material for the cap 50, which is detailed in FIGS. 2 
and 3. 
In order to produce the desired daughter radionuclide 

in the form of radioactive indium (In113m), the substrate 
layers 31 and 32 are loaded with the corresponding parent 
radionuclide in the form of radioactive tin (Snm). The 
parent decays naturally into its daughter, which is re 
moved from the column 30 by selective extraction with 
a suitable solvent, i.e. eluant. In the case of Inn3m such 
a solvent is hydrochloric acid with a normality of less than 
0.1 N. 
The elution is accomplished using conventional attach 

ments and accessories for the generator 10 by gravity ?ow 
or by forced ?ow of the eluant through the generator 
10. By having the upper substrate layer 31 of greater 
coarseness than the lower layer 32, the efficiency of the 
elution process is enhanced. Since the upper layer 31 
is coarser than the lower layer 32, there is less resist 
ance to flow through the upper layer 31. Gravity flow 
encounters less resistance in the coarse layer 31 than 
in the ?ne layer 32. However, the pressure head is greater 
in the ?ne layer. The result is that uniformity of flow 
through the overall column is promoted. The ?ne layer 
32 also serves to ?lter particles originating in the coarse 
layer. Alternatively, elution may take place by forcing 
the eluant upward through the spout 22 into the column 
30 and out of the ?ared portion 21. Again, elution takes 
place using conventional accessories. 
The eluting ?uid wets the substrate during elution. If 

the residual moisture of the substrate varies during the 
various inter-elution intervals, there is a consequent 
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effect upon the rate of flow of the eluant and upon the 
efficiency of elution. Flow takes place with greater ra 
pidity, and hence greater eluting efficiency, to the ex 
tent that the substrate is wet rather than dry. In addi 
tion, the rate of ?ow is more uniform for each elution 
if signi?cant loss of moisture from the substrate is pre 
vented during inter-elution intervals. Furthermore, non 
uniform drying of the columnar substrate can lead to 
preferred channels of flow for the eluant. The result is 
not only ineflicient use of the substrate but also the 
possibility of a ‘breakdown ‘by which traces of the parent 
Sn113 are removed from the column in the eluate con 
taining the desired daughter Inllsm. 
The porous layers 33 and 34 of the column 30 serve 

to reduce variations in the amount of moisture retained 
by the substrate, as well as promote uniformity of. 
flow. To that end both layers 33 an 34 are of a porosity 
which is suitable for the retention of su?icient moisture 
to maintain a satisfactory degree of moistness in the 
generating column 30. The intermediate layer 33 re 
duces the drainage of moisture from the upper sub 
strate layer 31. It also curtails evaporation from the lower 
substrate layer 32. Similarly, the upper porous layer 
34 curtails the evaporation of moisture from the upper 
substrate layer 31. 

In addition, when eluant enters the porous layers 33 and 
34, it spreads over the cross section of the generator 
column 30. The uniform distribution of eluant over the 
cross section of the columnar substrate plays a signi?cant 
role in avoiding channelling and in promoting uniformity 
of flow. Uniformity of eluant flow through the gener 
ator column 30 is also promoted by the con?guration 
of the flow distribution cap 50, details of which are set 
forth in FIGS. 2 and 3. 
The retaining cap 50 has an aperture 51 at its center 

and notches 52 in its periphery. For the particular em 
bodiment shown in the perspective view of FIG. 3 there 
are four uniformly distributed circumferential notches 
52——1 through 572-4, which extend radially inward along 
the base of the cap 50. In addition, the periphery of the 
cap 50 extends upwardly into a compressible resilient 
rim 53 which frictionally engages the inside wall of the 
glass container 20, as shown in FIG. 1, to secure the 
cap and the layers of particulate zirconium oxide and 
glass wool within the generator cylinder 20. 

In order for the generator of FIG. 1 to function ef 
?ciently, its substrate layers are advantageously loaded 
with a signi?cant mass of Sn113. In accordance with the 
invention, a method of loading the substrate layers in 
cludes the steps of contacting the substrate particles, as . 
by percolation, with a solution containing radioactive tin 
in order to deposit the parent radionuclide. Once the par 
ent has been deposited upon the substrate particles the 
?ow of depositing solution is terminated, following which 
the particles are washed ‘by a wash solution in order to 
remove any residual excess of radioactive tin. The fore~ 
going set of steps is repeated at least once, using for 
each repetition the contacting tin solution effluent from 
the preceding set of steps. By using the tin solution ef 
?uent a number of times, an adequate loading of the 
substrate with the parent radionuclide is established cumu 
latively at a considerable cost saving, as compared with 
the use of a fresh contacting solution with each set of 
steps. 

In a tested model of the invention, the radioactive tin 
of the contacting solution was in aqueous solution of hy 
drochloric acid which had been treated by bubbling chlo 
rine gas through it. The normality of the tin solution 
ranged from less than 1.0 N to more than 0.1 N, with 
a preferred range between 0.3 N and 0.5 N. The wash 
solution was an aqueous solution of hydrochloric acid 
of normality less than 0.1 N, desirably between 0.02 N 
and 0.08 N, and preferably in the range from 0.04 N 
to 0.06 N. 
For a typical and illustrative column 30 of the gener 
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ator 10 in FIG. 1, the diameter is approximately 1 inch. 
In such a column, the coarse substrate layer 31 prefer 
ably ranges in height from 3/; inch to 2 inches, with parti 
cles ranging in size from 50 to 100 mesh, as sold and 
marketed under the designation “Bio-Rad HZO-l Ion Ex 
change Crystals.” The ?ne substrate layer .32 preferably 
ranges in height from 1A; inch to 1%; inch and is com 
posed of particles ranging from 100 to 200 mesh. In 
general, the heights of the various substrate layers 31 
and 32, for a column 30 of prescribed diameter, depend 
in part upon the extent to which the column is to be 
loaded with the parent radionuclide. 

In an illustrative column 30 with a diameter of ap 
proximately 1 inch, the porous layers 33 and 34 prefer 

’ ably range in thickness from approximately 1/5 to 1A of an 
inch and are desirably of wettable borosilicate ?bers in 
the range from 0.0002 to 0.0003 inch. Such glass wool 
?bers are commonly available under the designation 
“Corning Number 3950.” To achieve suitable porosity 
for the layers 33 and 34 ranging in thickness from ap 
proximately 1/s to 1A of an inch, the mass of the boro 
silicate ?bers advantageously corresponds to a weight in 
the range from 200 to 300 milligrams. Suitable porosity 
for the layers 33 and 34 can also be achieved using 
such Wettable materials as ?lter cloth and the like. 
For a tested model of the invention, the glass support 

layer 40 was constructed as an integral part of the cyl 
inder 20 and was of a character commonly designated in 
the glass blowing art as “coarse fit.” The thickness of 
a tested frit layer 40 was slightly in excess of 1A6 of an 
inch, being desirably in the range from 1A6 to % of an 
inch. 

In an illustrative model of the invention, the ?ow dis 
tribution cap ‘50 had a thickness of approximately 9/32 of 
an inch. The cap is advantageously of any of the com 
mon plastics, such as polyethylene, which provide suit 
able adhesion to the sides of the cylinder 20 in order 
to provide a friction ?t by which the constituents of the 
generator column 30 are retained in place. In one design 
of the cap 50 the apertures of 52-1 through 52-4 and 
the central aperture 51 were symmetrically arranged and 
disposed so that approximately 1/2 of the cap area was 
open to the passage of the eluting ?uid. 

The generator cylinder 20 may be of a suitable plastic, 
such as polyethylene. However, the cylinder 20 is ad 
vantageously of relatively non-porous and inert material 
such as glass, in which event, it is frangible, and precau 
tions must be taken to prevent breakage. In any case, it 
is desirable to protect the cylinder 20 since the generator 
column 30 contains radioactive materials when loaded. 
Accordingly, the cylinder is desirably mounted in a ?exible 
protective shield 60 as shown in FIG. 4. A suitable shield 
is of plastic which secures the cylinder 20 by having the 
rim of its ?ared portion 21 resting on the top edge of 
the shield and by having a soft plastic Wedge ‘61 with the 
shield and encircling the cylinder 20 near the spout 22. 
In a test model of the invention, the shield 60' was illus 
tratively about 7 inches in length and about 11/2 inches 
in outside diameter, while the cylinder 20' contained by 
the shield was approximately 1 inch in diameter. 

/ In use, the plastic shielded generator 10 of FIG. 4 is 
generally employed in conjunction with radiation shield 
ing, such as provided by a lead closure or by a lead 
shielded chamber. However, where the radioactivity of 
the column 30 is at a suitably low level, the generator 10 
may be employed without such auxiliary shielding. 

Other adaptations of the invention, and techniques of 
employment, will occur to those skilled in the art. 
We claim: 
1. In a ‘method of eluting Inn3m from a column con 

sisting of particles of Zr02 substrate upon which Sn113 is 
supported, the improvement comprising eluting said 
In113m by passing throughv said column an aqueous solu 
tion of hydrochloric acid at a concentration below 0.1 N 
but not less than about 0.02 N, whereby high In113m yields 
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are achieved With minimum leakage of $11113 and zir 
conium originating in the zirconium substrate. 

2. A method according to claim 1, said concentration 
of HCl being between 0.02 N and 0.08 N. 

3. A method according to claim 1, said concentration 
of HCl being between 0204 N and 0.06 N. 

4. A method according to claim 1, said column being 
enclosed in a plastic container. ‘ 
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