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(57) ABSTRACT

Medical isotope generator systems are disclosed according to
some aspects. In one aspect, a 20y generator system com-
prises a generator column, a concentration column, and a flow
control system, through which the generator column and the
concentration column are in fluid communication. The flow
control system provides a plurality of flow configurations for
delivering a milking solution to the generator column, the
concentration column, or both, and for delivering an eluent
solution to the concentration column in either a forward or a
reverse flow direction. The generator column can comprise a
0Sr stock adsorbed on a sorbent. The milking solution pref-
erentially elutes *°Y from the generator column. The concen-
tration column comprises a sorbent that captures *°Y from the
milking solution without altering the milking solution. The
eluent solution elutes °°Y from the concentration column.

38 Claims, 4 Drawing Sheets

201 o mm e

210
205

Active Line
- —— - Inactive Line




U.S. Patent Jun. 30, 2009 Sheet 1 of 4 US 7,554,098 B2

100 Ep———
— - 101 ] 102
| I
| / I
| |
| 106 | |
l |
o1 109 148 |
|
I / \ I
: S
I
—— Miking t———————— 107
- — — - Eluent
110

———— Milking
- ——— tluent




U.S. Patent Jun. 30, 2009 Sheet 2 of 4 US 7,554,098 B2

201
ST
|
207 ——1
|
" | 1202
|
/' |
|
210 A |
205 :
I
i I 204
: 206
|
| ] OY®
I L —— 13 ®
|
| BLE
I e — -]
: 209 |
| |
I
Active Line | Liauid :
- ———Inactive Line | 203 qu I
I ——| |(Flow |
I
| I
| I
' |
| |
- _ _



U.S. Patent Jun. 30, 2009 Sheet 3 of 4 US 7,554,098 B2

201 S -

210 \

|
|
|
|
I
|
205 }
|
¢ | 1204
: 206
|
| Q@
| DQ ©
| B\
| N .
: 209 |
| |
Active Line I Lauid :
- ———Inactive Line | 203 qul |
| ——| |Flow |
I
| |
| |
| |
| |
L _



U.S. Patent Jun. 30, 2009 Sheet 4 of 4 US 7,554,098 B2

206

Active Line
-~ — — - Inactive Line 203

Liquid
Flow

Fig. Zc



US 7,554,098 B2

1
MEDICAL ISOTOPE GENERATOR SYSTEMS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
Grant number 5 R44 RR15167-03 awarded by the National
Institute of Health. The Government has certain rights in the
invention.

BACKGROUND

Yttrium-90 (°°Y) is an isotope with increasing significance
in medical applications. For example, it is currently approved
by the United States Federal Drug Administration (FDA) for
treatment of non-Hodgkin’s lymphoma. Furthermore, addi-
tional uses of *°Y for diagnostic and therapeutic purposes are
currently being actively researched. Existing sources and
generator systems of the medical isotope are commonly
remotely located relative to patient care facilities and are
often manual in nature, requiring a human operator. Since the
half-life of *°Y is relatively short (approximately 64 hours),
the remotely-generated radioisotope must be rushed from the
place of generation to the place where it will be administered
to the patient, which can be burdensome and/or expensive for
the medical facilities and the patients. The remote location
has typically been necessary to accommodate the require-
ments associated with the generation and/or storage of the
radioactive materials. Accordingly, a need exists for a gen-
erator system that can be deployed to patient care facilities for
regional, local, or on-site and on-demand production of
adequately pure °°Y.

DESCRIPTION OF DRAWINGS

Embodiments of the invention are described below with
reference to the following accompanying drawings.

FIGS. 1a and 154 are illustrations showing different con-
figurations of a medical isotope generator system encom-
passed by embodiments described herein.

FIGS. 2a through 2¢ are illustrations showing valve posi-
tions during operation of an embodiment of a medical isotope
generator system described herein.

DESCRIPTION

At least some aspects of the disclosure provide a medical
isotope generator system to generate Y. For example, in one
embodiment, the system comprises a generator column, a
concentration column, and a flow control system through
which the generator and concentration columns are in fluid
communication. The generator column can comprise a sor-
bent on which “°Sr stock has been adsorbed. The *°Sr stock
would be allowed time to produce *°Y in the generator col-
umn, after which time, the flow control system can deliver a
milking solution to preferentially elute the °°Y from the gen-
erator column and deliver the *°Y-containing milking solu-
tion to the concentration column. A sorbent in the concentra-
tion column removes °°Y from the milking solution by
adsorption. The flow control system can further deliver an
eluent solution to the concentration column in a forward or
reverse flow direction to elute the *°Y from the concentration
column.

In some embodiments, the flow control system comprises a
multi-port valve and a pump, wherein at least the generator
column, the concentration column, and the pump are in fluid
communication through the multi-port valve. The system can
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further comprise a controller that is operably connected to
automatically regulate the operation of the pump, the multi-
portvalve, or both. The automation provided by the controller
can enable deployment to point-of-care facilities by simpli-
fying operation of the system. For example, an automated *°Y
generator system can provide push button generation and
dispensing of °°Y. The capability for remote and autonomous
production of *°Y can minimize unnecessary radiological
dose to healthcare professionals. In the instant example, the
system can further comprise shielding to protect operators
and/or patients from radiation exposure. Shielding, in addi-
tion to physical separation, can further protect system opera-
tional components that are susceptible to radiation damage.
An example of such components includes, but is not limited
to, the electronics associated with the controller and the flow
control system. Accordingly, some embodiments comprise an
enclosure providing radiation shielding over at least the gen-
erator column, the concentration column, and a °°Y product
vessel for °Y-containing eluent. The enclosure can have an
access port for retrieving the °°Y-containing eluent.

The generator column sorbent, the concentration column
sorbent, or both can comprise a matrix impregnated with an
extractant selected from the group consisting of phosphonic
acid extractants, phosphoric acid extractants, sulfonic acid
extractants, and combinations thereof. The matrix can com-
prise an inorganic matrix, a polymeric matrix, or a combina-
tion of inorganic and polymeric matrices and it can be grafted,
or chemically bonded, onto a support. In some embodiments,
the generator column sorbent, the concentration column sor-
bent, or both can comprise a complexant bonded or grafted to
asupport. Exemplary supports can include, but are not limited
to, polymeric supports, silica supports, inorganic particulate
supports, and combinations thereof.

In some embodiments, the generator column sorbent, the
concentration column sorbent, or both can comprise a resin.
Exemplary resins can include, but are not limited to, chelating
resins, cation-exchange resins, or a combination thereof.
Chelating resins can refer to, but are not limited to, materials
having a diphosphonic acid, organophosphoric acid, or other
grafted chelating functionality. Cation-exchange resins can
refer to, but are not limited to, materials having a grafted
sulfonic acid functionality and materials having a grafted
carboxylic acid functionality.

In other embodiments, the generator column and/or con-
centration column sorbents can have molecular-recognition
functionality. Exemplary sorbents having molecular-recogni-
tion functionality can include, but are not limited to, materials
incorporating cyclic polyethers, materials incorporating
cyclic polyethers and cyclic azapolyethers, materials incor-
porating cyclic azaethers. Furthermore, the sorbents can com-
prise materials incorporating grafted ionizable carboxylic,
sulfonic, phosphonic, or phosphoric acid, and combinations
thereof.

In still other embodiments, the sorbents can comprise a
porous organic or inorganic molecular sieve material.

In some embodiments, the generator column is pre-loaded
with °°Sr and is a fixed °°Y source. In such instances, the
generator column sorbent should be radiolytically stable for
the lifetime of the fixed source. Radiolytic stability, as used
herein, can refer to a sorbent’s ability to not change its sorp-
tion characteristics, with respect to Y and Sr, in a way that
substantially impacts the separation factors to compromise
the satisfactory production of purified °°Y. Furthermore, radi-
olytic stability can mean that the sorbent does not result in the
introduction of additional or enhanced concentrations of a
material so as to compromise the usefulness of the purified
Y as defined by the product specifications. In one embodi-
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ment, the radioytically stable period is at least approximately
six months. Inorganic materials and graphite-based materials
can be highly resistant to radiolysis. One example includes,
but is not limited to, antimony silicate based columns. Tests of
the radiolytic stability of an antimony silicate based column
have been performed by comparing the uptake properties of
radiostrontium before and after a 1-year dose equivalent
exposure of gamma radiation. The uptake properties were
substantially unchanged.

The fixed source can be implemented as a cartridge-style
device that can easily be exchanged with a replacement car-
tridge at the end of the fixed source’s lifetime. The *°Sr stock
loaded in the generator column can be distributed throughout
the generator column in order to prevent localized hot spots in
which the concentration of radioactive material is particularly
high. Such hot spots can result in localized radiation-induced
degradation and/or damage to the generator column. Accord-
ingly, distribution of the “°Sr stock throughout the generator
column can contribute to maximization of the lifetime of the
generator column as a fixed *°Y source.

An exemplary method for making a generator column pre-
loaded with °°Sr stock, which is distributed throughout the
column can include, but is not limited to, batch contact of a
bulk of sorbent in a solution containing *°Sr, followed by wet
slurry packing of the sorbent into the generator column. In
one embodiment, a bed of non-Sr containing sorbent (i.e.,
pristine sorbent) can be packed into the generator column
prior to wet slurry packing the Sr-containing sorbent. In this
manner, *°Sr must migrate through the portion of the column
containing the pristine sorbent, which can increase the use-
able lifespan of the generator column.

Examples of milking solutions can include, but are not
limited to aqueous solutions of a mineral acid. Specific min-
eral acids can include, but are not limited to, hydrochloric
acid, sulfuric acid, and phosphoric acid. In one embodiment,
wherein the sorbent comprises antimony silicate, the milking
solution comprises an aqueous solution having a concentra-
tion of HCI ranging from approximately 0.01 to approxi-
mately 4 moles per liter. In another embodiment, the concen-
tration of HCI ranges from approximately 0.9 to
approximately 1.1 moles per liter. The *°Y eluted from the
generator column can then be removed at the concentration
column without modifying the milking solution. Additional
concentrations and sorbents are appropriate and are encom-
passed by other embodiments of the present invention.

Examples of the eluent solution can include, but are not
limited to, aqueous solutions of a mineral acid. In one
embodiment, wherein the concentration column sorbent
comprises a cation exchange resin, the eluent solution com-
prises an aqueous solution having a concentration of HCl
greater than or equal to approximately 1 mole per liter. In
another embodiment, the concentration of HCI ranges from
approximately 3 to approximately 12 moles per liter. Addi-
tional concentrations are appropriate and are encompassed by
other embodiments of the present invention.

The eluent solution, and/or the milking solution, can be
compatible with chelation of °°Y. The chelation-compatible
eluent solution can be either directly compatible with or eas-
ily modified to enable uptake of yttrium into a drug or anti-
body which can be injected into a patient. Exemplary modi-
fication can include the addition of buffering salts to the
?9Y-containing eluent solution prior to complexing with a
chelating agent.

In some embodiments, the eluent solution can further com-
prise a salt of the mineral acid. Examples of salts can include,
but are not limited to, lithium chloride, sodium chloride,
potassium chloride, lithium sulfate, sodium sulfate, potas-
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sium sulfate, and combinations thereof. In general terms, the
salts can comprise salts of monovalent, divalent and trivalent
cations.

In an exemplary embodiment, the eluent solution com-
prises an aqueous solution of hydrochloric acid having a
concentration ranging from approximately 0.01 to approxi-
mately 1 moles per liter and potassium chloride having a
concentration greater than or equal to approximately 1 mole
per liter. In another embodiment, the KCL concentration can
range from approximately 1 to approximately 2.5 moles per
liter. Alternatively, the potassium chloride can be substituted
with sodium chloride having a concentration greater than or
equal to approximately 1 mole per liter. In still another
embodiment, the NaCl concentration can range from
approximately 2 to approximately 2.5 moles per liter. In some
instances, it is advantageous to minimize the acid concentra-
tion. Accordingly, in some embodiments, the eluent solution
can comprise hydrochloric acid in concentrations ranging
from approximately 0.05 to approximately 0.5 moles per liter.

Embodiments of the medical isotope generator system
described herein can be configured in various ways and can
comprise a generator column, a concentration column, and a
flow control system having a pump and multi-port valves.
Referring to the embodiment illustrated in FIG. 1a, one par-
ticular configuration comprises a flow control system having
a pump 100, a first multi-port valve 106, and a second multi-
port valve 107. Milking solution can be delivered from the
pump 100 to the generator column 101 to remove *°Y, which
had been produced from the *°Sr loaded in the generator
column. The *°Y-containing milking solution can then be
delivered to the concentration column 102 through the first
valve 106. Fluid line 111 is optional and can be included for
automatic conditioning of the concentration column 102, via
the second valve 107, with milking solution or a conditioning
solution, which is then directed through the first valve 106 to
waste 108 or recycle.

The concentration column 102 adsorbs *°Y and removes it
from the milking solution. The milking solution from the
concentration column can then be directed through the sec-
ond valve 107 to waste 110 orrecycle. The eluent solution can
then be delivered to the concentration column 102 through the
second valve 107 in a reverse direction. The eluent solution
removes °°Y from the concentration column, and the *°Y-
containing eluent is then directed to a *°Y product delivery
vessel 109 through the first valve 106.

Referring to the embodiment illustrated in FIG. 15, an
alternative and preferred configuration utilizes a single multi-
portvalve 103. The instant embodiment utilizes the minimum
number of process components, which is advantageous in
terms of simple operation and maintenance. For example,
minimalist configurations reduce the number of components
that need to be controlled, sterilized, repaired, or replaced.
The pump 100 and the single multi-port valve 103 allows
milking solution to be delivered from the generator column
101, where the milking solution removes °°Y that had been
produced from the “°Sr parent stock, to the concentration
column 102. Furthermore, the multi-port valve 103 can be
positioned to deliver a *°Y-less milking solution from the
pump 100 to the concentration column through line 111 for
conditioning purposes. Such milking solution can then go to
waste 104 or it can be recycled. Once the °°Y is adsorbed on
the concentration column 102, eluent solution can be deliv-
ered in a forward or reverse direction through the concentra-
tion column 102 according to the appropriate configuration of
valve 103. Accordingly, *°Y-containing eluent is delivered to
a °°Y product delivery vessel 105.
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Specific embodiments of the isotope generator system can
utilize, for example, pumps comprising syringe pumps, peri-
staltic pumps, fluid metering pumps, and other mechanical
devices for moving fluid. The pumps can have an integrated
multi-position distribution valve for delivery of reagents
along various flow paths. For example, in embodiments uti-
lizing a syringe pump, an integrated distribution valve is
common and can be used to select between drawing an
amount of a particular reagent (e.g., milking solution, eluent
solution, etc.) into the pump and delivering the reagent to the
column(s).

In one embodiment, the medical isotope generator system
utilizes pneumatics to drive fluid flow. A pneumatic pump can
be substantially physically separated from the generator and
concentration columns. Accordingly, the hardware and elec-
tronics associated with the pump can be isolated from poten-
tial radiation damage from exposure.

The medical isotope generator system can further comprise
at least one catch column to further remove *°Sr from *°Y-
containing milking solution, eluent solution, or both. Exem-
plary catch columns can comprise the same sorbent used in
the generator column. The catch column can be in fluid com-
munication with the generator column, the concentration col-
umn, or both through the flow control system. For example, in
one embodiment a catch column exists between the generator
column and the concentration column and enhances the
purity of the “°Y-containing milking solution on a flow path
from the generator column to the concentration column.

In one embodiment, the medical isotope generator system
comprises a plurality of generator columns. The flow control
system can deliver milking solution to one or more of the
generator columns sequentially and/or substantially simulta-
neously. In one configuration, the plurality of generator col-
umns can be used to increase throughput of the medical
isotope generator system, without increasing the amount of
radioactive material in each generator column. The generator
columns can be mounted on a carousel and interchanged
during operation. Alternatively, the generator columns can be
fluidically interconnected via a selection valve. For example,
milking solution can be delivered to a first generator column
for milking of *°Y while a second generator column is
allowed time to generate °°Y from the *°Sr stock. After milk-
ing the first generator column, the second generator column
can be made available for milking. Alternatively, multiple
columns can be milked in a single instance to increase the
amount of °°Y in a single extraction.

Similarly, the medical isotope generator can comprise a
plurality of concentration columns. The flow control system
can provide flow configurations for delivering the milking
solution to one or more of the concentration columns or for
delivering the eluent solution in a forward or reverse flow
direction to each of one or more of the concentration columns.
Delivery of solutions to the concentration columns can be
sequential and/or substantially simultaneous.

In some embodiments, the flow control system can further
provide flow configurations for delivering a storage fluid, a
sterilization fluid, or both throughout the fluid lines and col-
umns of the medical isotope generator system. The storage
fluid can comprise a chemically inert fluid that can be deliv-
ered to the components of the generator system to reduce the
effects of radiation on the column materials and to maintain a
sterile environment in the column during idle periods. Exem-
plary storage fluids can include, but are not limited to, chemi-
cally benign fluids such as ethyleneoxide, inert gases, water,
and dilute mineral acids. The sterilization fluid can be used to
establish and maintain the sterility of the columns, valves, and
the fluid lines.
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The milking solution, eluent solution, storage fluid, and/or
sterilization fluid can be stored in one or more reagent reser-
voirs. The reagent reservoirs can be in fluid communication
with the generator and/or concentration columns through the
flow control system. Accordingly, in one embodiment, the
reagent reservoirs are in fluid communication with a pump.
The pump can selectively draw and deliver the solutions and
fluids to the appropriate component of the medical isotope
generator system through one or more multi-port valves and/
or through an integrated distribution valve.

Referring to FIGS. 2a through 2¢, three flow configurations
of an exemplary embodiment of medical isotope generator
system are illustrated. The system comprises a generator col-
umn 202, a catch column 204, a concentration column 203,
and a fluid control system comprising the flow-through ver-
sion of a nine-port stream selector valve 206, a distribution
pump 210 comprising a syringe pump 205 having an inte-
grated six-port distribution valve 207, and fluid lines inter-
connecting the components of the system. The fluid control
system is operably connected to processing circuitry for auto-
mated control according to control algorithms that can be
implemented by the processing circuitry. The position of the
valves is changed using an actuator that is operably connected
to the processing circuitry.

Referring to the illustration in FIG. 24, the integrated dis-
tribution valve 207 is positioned to allow milking solution to
be drawn into the syringe pump from one or more reagent
sources 201. The integrated distribution valve 207 then
changes position to deliver the milking solution through the
stream selector valve 206, which is configured to allow the
milking solution to flow through port 3 of the stream selector
valve 206 to the concentration column 203. For purposes of
conditioning the concentration column sorbent material, the
milking solution passes through the concentration column
and is routed to waste 209, or to recycle, through the stream
selector valve 206. The remaining fluid lines are closed off by
either, or both, the integrated distribution valve 207 or the
stream selector valve 206.

Referring to the illustration in FIG. 25, the integrated dis-
tribution valve 207 is positioned so the syringe pump can
deliver milking solution to the generator column 202. The
milking solution removes °°Y, which had been generated
from the parent *°Sr isotope, from the sorbent in the generator
column 202. The *°Y-containing milking solution then flows
through the catch column 204 to further remove any *°Sr
contamination. The *°Y-containing milking solution is then
delivered to the concentration column 203 through port 1 of
the stream selector valve 206. The “°Y isotope adsorbs to the
sorbent material in the concentration column 203 and the
?°Y_free milking solution is directed to waste 209, or to
recycle.

Referring to the illustration in FIG. 2¢, the position of the
integrated distribution valve 207 changes to allow ecluent
solution to be drawn into the syringe pump. The integrated
distribution valve 207 then changes position to deliver the
eluent solution to the stream selector valve 206, which is
configured to allow the eluent solution to flow through port 6
to the concentration column. In the instant embodiment, the
eluent solution flows through the concentration column in a
reverse direction relative to the flow direction used when
loading the concentration column 203 with *°Y. The *°Y-
containing eluent solution is then delivered to a product vial
208 through port 2 of the stream selector valve 206.

Referring to the embodiment illustrated in FIGS. 2a
through 2¢, the generator column 202 can comprise antimony
silicate as a sorbent. Preferably, the antimony silicate is of a
form that is compatible with a packed column. Exemplary
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forms can include pellets, coated beads, porous monoliths,
etc. The bed volume can be approximately 5.1 cm®. The catch
column 204 can comprise the same antimony silicate as the
generator column, and can have a volume of approximately
0.39 ¢cm®. The concentration column 203 can comprise a
cation exchange resin (BioRad AG 50-X8). The dimensions
of the concentration column 203 can range from approxi-
mately 50 to approximately 75 mm long and be approxi-
mately 4.6 mm in diameter. While column dimensions have
been specified for purposes of illustration, one of ordinary
skill in the art would recognize that the dimensions described
herein are not limiting and that other sizes and/or shapes can
be appropriate depending on the application.

The milking solution can comprise HCI at concentrations
ranging from approximately 0.5 M to approximately 1 M. The
eluent solution can comprise HCI at concentrations ranging
from approximately 3 M to approximately 6 M, or higher.
Alternatively, the eluent solution comprises HCI at concen-
trations ranging from approximately 0.01 M to approxi-
mately 0.5 M and comprises KCI or NaCl in concentrations
between approximately 1 M and approximately 2.5 M or
higher. Generator systems configured as described in the
instant embodiment can achieve, at the time of separation, an
activity-based “°Sr/°°Y separation factor that is less than or
equal to approximately 2x107>.

While a number of embodiments of the present invention
have been shown and described, it will be apparent to those
skilled in the art that many changes and modifications may be
made without departing from the invention in its broader
aspects. The appended claims, therefore, are intended to
cover all such changes and modifications as they fall within
the true spirit and scope of the invention.

We claim:

1. A medical isotope generator system comprising:

a generator column comprising “°Sr stock adsorbed on a
sorbent, wherein at least a portion of the *°Sr stock is
allowed time to decay to a °°Y daughter isotope;

a milking solution to preferentially remove *°Y from the
generator column;

a concentration column comprising a sorbent to capture
%Y from the milking solution without alteration to the
milking solution;

an eluent solution to remove *°Y from the concentration
column; and

aflow control system, through which the generator column
and the concentration column are in fluid communica-
tion, providing a plurality of flow configurations for
delivering the milking solution to the generator column,
the concentration column, or both, and for delivering the
eluent solution to the concentration column in either a
forward or a reverse flow direction.

2. The medical isotope generator system as recited in claim

1, wherein the flow control system is an automated flow
control system comprising a pump and a multi-port valve,
wherein the pump and the multi-port valve are in fluid com-
munication.

3. The medical isotope generator system as recited in claim
2, further comprising a controller operably connected to auto-
matically regulate the operation of the pump, the multi-port
valve, or both.

4. The medical isotope generator system as recited in claim
1, wherein operational components susceptible to radiation
damage are shielded from radiation exposure, physically dis-
tanced from radiation exposure, or both.

5. The medical isotope generator system as recited in claim
4, wherein the automated flow control system utilizes pneu-
matics to drive fluid flow.
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6. The medical isotope generator system as recited in claim
1, wherein the °°Sr stock is distributed throughout the gen-
erator column.

7. The medical isotope generator system as recited in claim
1, wherein the generator column sorbent is radiolytically
stable over a period of at least approximately 6 months.

8. The medical isotope generator system as recited in claim
1, wherein the “°Sr stock adsorbed on the generator column
sorbent is a fixed source.

9. The medical isotope generator system as recited in claim
1, further comprising at least one catch column to substan-
tially remove *°Sr from **Y-containing eluent solution, milk-
ing solution, or both, wherein the catch column is in fluid
communication with the generator column, the concentration
column, or both through the flow control system.

10. The medical isotope generator system as recited in
claim 1, wherein the activity-based “°Sr/°°Y separation factor
is less than or equal to 2.0x107 at the time of separation.

11. The medical isotope generator system as recited in
claim 1, further comprising at least one additional generator
column, wherein the automated flow control system provides
flow configurations for delivering the milking solution to one
or more of the generator columns at a time.

12. The medical isotope generator system as recited in
claim 1, further comprising at least one additional concentra-
tion column, wherein the automated flow control system pro-
vides flow configurations for delivering the milking solution
to one or more of the concentration columns at a time or for
delivering the eluent solution, in a forward or reverse flow
direction, to each of one or more of the concentration columns
at a time.

13. The medical isotope generator system as recited in
claim 1, wherein the flow control system further provides
flow configurations for delivering a storage solution, a steril-
ization solution, or combinations thereof throughout valves,
fluid lines and columns of the medical isotope generator
system.

14. The medical isotope generator system as recited in
claim 1, further comprising one or more reagent reservoirs in
fluid communication with the automated flow control system,
wherein the reagent reservoirs contain milking solution, elu-
ent solution, storage solution, sterilization solution, or con-
ditioning solution.

15. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises an inorganic
matrix impregnated with an extractant selected from the
group consisting of phosphonic acid extractants, phosphoric
acid extractants, sulfonic acid extractants, and combinations
thereof.

16. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a polymeric
matrix impregnated with an extractant selected from the
group consisting of phosphonic acid extractants, phosphoric
acid extractants, sulfonic acid extractants, and combinations
thereof.

17. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a combination of
inorganic and polymeric matrices impregnated with an
extractant selected from the group consisting of phosphonic
acid extractants, phosphoric acid extractants, sulfonic acid
extractants, and combinations thereof.

18. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a matrix that is
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polymeric material, an inorganic material, or a combination
thereof, and wherein the matrix is grafted onto a support.

19. The medical isotope generator system as recited in
claim 18, wherein the support is selected from the group
consisting of polymeric supports, silica supports, inorganic
particulate supports, and combinations thereof.

20. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a complexant
bonded or grafted to a support selected from the group con-
sisting of polymeric supports, silica supports, inorganic par-
ticulate supports, and combinations thereof.

21. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a chelating resin,
a cation-exchange resin, or a combination thereof.

22. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a material having
molecular-recognition functionality.

23. The medical isotope generator system as recited in
claim 1, wherein the generator column sorbent, the concen-
tration column sorbent, or both, comprises a porous organic
or inorganic molecular sieve material.

24. The medical isotope generator system as recited in
claim 1, wherein the milking solution comprises an aqueous
solution of a mineral acid having a concentration ranging
from approximately 0.01 to approximately 4 moles/liter.

25. The medical isotope generator system as recited in
claim 24, wherein the aqueous solution has a mineral acid
concentration in the range of approximately 0.9 to approxi-
mately 1.1 moles/liter.

26. The medical isotope generator system as recited in
claim 1, wherein the eluent solution comprises an aqueous
solution of a mineral acid having a concentration greater than
approximately 1 mole per liter.

27. The medical isotope generator system as recited in
claim 26, wherein the aqueous solution has a mineral acid
concentration in the range of approximately 3 to approxi-
mately 12 moles/liter.

28. The medical isotope generator system as recited in
claim 26, wherein the aqueous solution further comprises a
salt of the mineral acid.

29. The medical isotope generator system as recited in
claim 28, wherein the salt is selected from the group consist-
ing of lithium chloride, sodium chloride, potassium chloride,
lithium sulfate, sodium sulfate, potassium sulfate.

30. The medical isotope generator system as recited in
claim 1, wherein the eluent solution comprises an aqueous
solution of

a) hydrochloric acid having a concentration ranging from

approximately 0.01 to approximately 1 moles/liter; and

b) potassium chloride having a concentration ranging from

approximately 1 to approximately 2.5 moles/liter or
sodium chloride having a concentration ranging from
approximately 2 to approximately 2.5 moles/liter.
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31. The medical isotope generator system as recited in
claim 30, wherein the concentration of the hydrochloric acid
ranges from approximately 0.05 to approximately 0.5 moles/
liter.

32. The medical isotope generator system as recited in
claim 1, wherein the milking solution, the eluent solution, or
both are compatible with chelation of *°Y.

33. The medical isotope generator system as recited in
claim 1, wherein a storage solution comprising a chemically
benign solution is delivered to the generator column and the
concentration column for long-term storage of the system.

34. The medical isotope generator system as recited in
claim 33, wherein the chemically benign solution is selected
from the group consisting of water and dilute mineral acid.

35. The medical isotope generator system as recited in
claim 1, wherein a sterilization fluid comprising a sterilizing
agent is delivered throughout the medical isotope generator
system by the fluid control system.

36. A medical isotope generator system comprising:

a generator column comprising °°Sr stock adsorbed on a
sorbent, wherein at least a portion of the “°Sr stock is
allowed time to decay to °°Y daughter isotopes;

a milking solution to preferentially remove *°Y from the
generator column;

a concentration column comprising a sorbent to capture
%Y from the milking solution without alteration to the
milking solution;

an eluent solution to remove °°Y from the concentration
column;

an automated flow control system, through which the gen-
erator column and the concentration column are in fluid
communication, providing a plurality of flow configu-
rations for delivering the milking solution to the genera-
tor column, the concentration column, or both, and for
delivering the eluent solution to the concentration col-
umn in either a forward or a reverse flow direction,
wherein the automated flow control system comprises a
controller to automatically regulate the operation of a
single distribution pump and a single stream selector
valve in fluid communication; and

an enclosure providing radiation shielding over at least the
generator column, the concentration column, and a °°Y
product vessel for *°Y-containing eluent, wherein the
enclosure has an access port for retrieving the *°Y-con-
taining eluent.

37. The medical isotope generator system as recited in
claim 36, wherein the distribution pump comprises a syringe
pump.

38. The medical isotope generator system as recited in
claim 36, wherein the automated flow control system utilizes
pneumatics to drive fluid flow, and wherein operational com-
ponents susceptible to radiation damage are not exposed to
radiation.
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