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62 Method of preparing a radloactive isotope-containing liquid, as well as device for generating said liquid.

@ The invention relates to a method of preparing a radioac-
tive isotope-containing liquid by allowing a solution of a radio-
active parent isotope to pass through an adsorption agentin a
column, the parent isotope being adsorbed on the adsorption
agent and producing there a radioactive daughter isotope by
decay, and by then eluting the daughter isotope from the ad-
sorption agent with an eluent. The elution is carried out at ele-
vated temperature.

The invention also relates to a method of preparing a
gold-185m-containing liquid by elution of an adsorption agent
on which mercury-195m is adsorbed, which agent comprises
at least two layers having different adsorption capacities for
o the parent isotope. The invention further relates to a device for
-

generating a radioactive isotope-containing liquid, which de-
vice comprises a column with an adsorption agent, which co-
lumn is provided with external heating means, to a generator
column for said device, and to a method of preparing said gen-
erator column.
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METHOD OF PREPARING A RADIOACTIVE ISOTOPE~CONTAINING LIQUID,
AS WELL AS DEVICE FOR GENERATING SAID LIQUID.

The invention relates to a method of preparing
a liquid comprising a radicactive isotope, by allowing a so-
lution of a radioactive parent isotope to'pass through an
adsorption agent in a column, the parent isotope being adsor-
bed on the adsorption agent and producing there a radioactive
daughter isotope by decay, and by subsequently eluting the
daughter isotope from the adsorption agent by means of an
eluent. The invention also relates to a device for generating
said liquid, to a generator column for said device, as well
as to a method of preparing said generator column.

Radiocactive isotopes having a half 1ife up to a
few days, are frequently used in medicine for diagnostic pur-
poses. One radiocactive isotope which is frequently/used for
diagnostic purposes is technetium-99m. For certain applica-
tions, for example for cardiological investigations, however,
the comparatively long half life of technetium-99E, namely
6 hours, is a disadvantage. As a result of this the radio-
active material remains—circulating in the body for a long
period of time, SO that immediate repetition of a certain
diagnostic examination is not poésible.

However, another radiocactive isotope, namely
gold-195m, has proved to be very suitable for such above-men-
tioned examinations. Gold-195m is an isotope having a half
life of 30.6 sec.,and only emits gamma rays, and that of a
suitable energy, namely 261 keV, and in a sufficlent quantity
to enable a good observation by means of apparatus suitable
for this purpose, for example a gamma camera.

From Netherlands Patent Application 8002235 in
the name of Applicants it is known to generate gold-195m in
a satisfactory manner from the radiocactive parent isotope
mercury-195m. This process is preferably carried out 1in a
so~-called radiocisotope generator, in this case a Hg/Au gene-
rator, from which the user can withdraw a quantity of radio-
active isotope-containing liquid at any desired moment. Such
an instantaneous production is of great practical importance
due to the fast decay of the comparatively short=-living iso-
tope.
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A radioisotope generator as mentioned above comprises a
column having an adsorption agent suitable for the parent
isotope. The generator is loaded with the parent isotope
by allowing a solution of the parent isotbpe to pass through
the adsorption agent in the column. The adsorbed parent 1iso-
tope produces the.radiocactive daughter isotope suitable for
diagnostic purposes by decay during a given period of time
which depends on the half life of the isotope. The user can
withdraw a quantity of liquid comprising the daughter isotope
from the generator at any desired instant during this period
of time. In this elution process a suitable eluent is allo-
wed to pass through the column, in which the formed daughter
isotope dissolves in the eluent and can be collected, but
the parent isotope remains in the column entirely or substan-
tially entirely. A large number of adsorption agenéé and
eluents have proved suitable for preparing a gold-195m-con-
taining liquid from the parent isotope mercury-195m.
As is also stated in the above-mentioned Netherlands Patent
Application, the adsorpfion agent in the column may be loaded
at will with an activity of mercury-195m varying between,
for example, appréximately 3 and 80 mCi. As appears fronm
Example X of the same Patent Application, the degree of loa-
ding is of influence on the elution efficiency. In the case
of a lower loading, an elution efficiency of approximately
70% could be reached, while with a loading with 83 mCi of
parent isotope the elution efficiency was at most only 53%.
In practice, i.e. in performing an experiment in
a larger animal or for diagnostic applications in a human
being, a loading with 83 mCi of mercury-195m as a parent iso-
tope is, however, often insufficient. For one single experi-
ment, an injection, in practice, with 20-40 mCi of gold-195m
would be desired. According to the known decay parameters,
one millicurie of mercury-195m, adsorbed on an adsorption
agent in the generator column, yields 0.458 mCi of gold-195m
in the equilibrium condition. This would mean that when the
generator is used it would have to contain at least 45-90

mCi of mercury-195m in the adsorbed condition in order to be

able to supply a sufficient activity of gold-195m upon elution.
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However, because it often occurs that kthe clinic where the
diagnostic examination is carried out, is far remote from
the place where the generator is produced, during the produc=-
tion the generator must be loaded with a Eonsiderably higher
activity of mercury-195m than is necessary for use. This is
because the parent isotope mercury-195m has a half life only
of approximately 40 hours. When approximately 40 hours are
necessary to transport the generator from the site of produc-
tion to the clinic (including packaging, making ready for
shipment, receipt, etc.), the loading with mercury-195m must
be approximately twice as high in order that sufficient acti-
vity remains when the generator is used. In addition, the
elution efficiency or elution yield of radioisotope genera=~
tors never is 100%. As already stated hereinbefore, an elu-
tion of approximately 50% could be reached in a Hg/Au gene=
rator with a rather high loading, namely 83 mCi of mercury-
-195m. This means that the loading would have to be another
two times as high in order to be able tc withdraw sufficient
activity® of gold-195m from the generator during use.

Then ?here is a third factor which contributes
to a necessary increase of the degree of loading the genera-
tor. In practice, the parent isotope mercury-195m is always
contaminated with another mercury isotope, namely mercury-
195 having a half 1life of 9.9 hours. Upon decay, said mercury
isotope does not produce the desired gold-195m isotope and
consequently does not contribute to the necessary activity
of gold-195m. This undesired mercury isotope .is formed as
a by-product in the preparation of the parent isotope mercury
-195m by radiation of a gold "target" in a cyclotron.

A1l these factors lead to the fact that in the
production of a Hg/Au generator it is of great importance
to load the generator with at least 200 mCi, preferably with
400-1,000 mCi, of "contaminaed' mercury-195m, so that the user
can withdraw from it an activity of gold-195m which is suf-
ficient for practical applications.
It has been found, however, that the efficiency of the gene-
rator, i.e. the elution efficiency, only decreases when the

loading increases. It 1s hence of great importance to improve
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" the efficiency of the generator so that also in the case of

higher loading of the generator column an elution yield which
is sufficiently high for practical applications is reached.
Although the above applies in particular to a Hg/Au generator,
an improvement of the elution yield is also of utmost impor-
tance in other ggnerators where the same or similar problems
may occur. '

It has surprisingly been found that the elution
efficiency can be considerably improved by carrying out the
elution at elevated temperature. As will become apparent from
the Examples, by doing this the elution yield could be in-
creased by approximately T70%.

A suitable temperature at which the elution can be carried
out according to the invention is 30 to 1OOOC; the best re-
sults are achieved at temperatures between 60 and éboc. In

a Hg/Au generator with a loading of mercury-195m of 200 mCi
the elution efficiency was found to improve from approxima-
tely 38% to approximately 50% when the elution was carried
out at temperatures between 60 and 80°C instead of at room
temperature. '

In this elution aé elevated temperatures no disadvantages
have been found. With a suitable choice of adsorption agent
and eluent, the gold-195m-containing eluate was substantially
free from parent isotope, both after the usual elution at
room temperature and after elution at elevated temperature.
Hence the quality of the eluate was not adversely influenced
by carrying out the elution at elevated temperature. On the
contrary, the yield of gold-195m was considerably improved,
whereas the "contamination" of parent isotope mercury-195m
in the eluate did not increase noticeably.

The elution at elevated temperature can be car-
ried out by heating the column, in which the adsorbed parent
isotope is present, during the elution. During the elution,
both the eluent and the column with adsorbed parent isotope
may be kept at elevated temperature. The method according to
the invention may.in principle be used to improve the elution
efficiency during the preparation of various radioactiwve

isotopes~-containing liquids, but it is suitable in particular
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to improve the elution efficiency during the preparation of

a gold-195m=-containing liquid by elution of an adsorptioh
agent on which mercury-195m is adsorbed. Moreover, the gold-
-195m isotope presents excellent perspectives for radio-diag-
nostic application, in particular due to the favourable ra=-
diation characteristics and the simple method of preparation
which has become known from the above-mentioned Netherlands
Patent Application 8002235.

As another aspect of the invention it has been
found that the elution efficiency in preparing a gold-195m-
containing liquid can even be further improved by using an
adsorption agent for the parent isotope mercury-195m which
comprises at least two layers of different adsorption capa-
cities for the parent isotope and, upon loading, leading the
solution of the parent isotope through the adsorption agent
in such manner that the liquid passes through the layers in
a sequence of increasing adsorption capacity. Inlthis manner
the elution efficiency can again be improved further by approx-
imately M10% as will bec6me apparent from the Examples.

Fro practical con§iderations, such a gradient-packed column
will preferably comprise not more than approximately 4 layers
of different adsorption capacities for the parent isotope,
but a column filling having a continuously varying adsorp=-
tion capacity, so actually comprising a very large number of
very thin layers, can also be readily realized.

The use of a gradient-packed <column in preparing a gold-
-195m-containing liquid can give a considerable improvement
of the elution efficiency also without elution at elevated
temperature as will become apparent from the Examples. A com-
bination of gradient-packed column and elution at elevated
temperature, however, gives the best results.

According to the above-mentioned Netherlands
Patent Application 8002235, the elution efficiency of a gold-
-195m-containing generator can be improved by adding a small
quantity of sodium nitrate. Such an addition is no doubt an
advantage in generators having a smaller loading, for example,
up to approximately 160 mCi. In generators having a loading

of at least 200 mCi, an addition of sodium nitrate is surely
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insufficient and provides only a small improvement of the
elution efficiency.

A suitable adsorption agent for the parent iso-
tope mercury-195m is a zinc sulphide-containing adsorption
agent on the basis of silica gel, aluminium oxide, natural
or synthetic aluminium silicate, active carbon or glass. As
a matching eluent.for the daughter isotope gold-195m may
successfully be used an aqueous solution of thiosulphate. In
this case, a gradient-packed column according to the inven-
tion may be used with an adsorption agent comprising at least
two layers of different contents of zinc sulphide. Particu-
larly favourable results can be achieved with an adsorption
agent comprising at least two layers having contents of zinc
sulphide increasing from approximately 0.5 to approximately
20 mg of zinc sulphide per g of adsorption agent, preferably,
as will become apparent from the Examples, 3 or 4 layers
having contents of zinc sulphide of approximately 2, 3 or 6
mg, respectively, or approximately 1, 2, 3 and 6 mg, respec-
tively, of zinc sulphide per g of adsorption agent.

A radiodiagnostic examination in a living being,
in particular in & human being, can be carried out by means
of the liquid which contains a radiocactive isotope and which
has been obtained as described above. This examination may
be carried out as described, for example, in the above-men-
tioned Netherlands Patent Application 8002235, by administe-
ring the liquid to the living being, preferably directly in
the blood circulation of the being, and then recording the
radiocactivity emitted by the being.

As described in the preamble, the invention also
relates to a device for generating a liquid comprising a
radiocactive isotope, which device comprises a column having
an inlet aperture and an outlet aperture, which column com=

prises an adsorption agent having a radioactive parent iso-

tope adsorbed hereon, and a reservoir for the eluent connec-

ted to the inlet aperture. The device according to the inven-
tion is suitable for performing in it an elution at elevated
temperature. For that purpose, either the column with the

adsorption agent, or both the reservoir for the eluent and
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the column with the adsorption agent iis/are provided exter-
nally with heating means, or is/are placed in a room having
heating means. For the former method of heating are consi=-
dered the following heating means: jackets in which a heat-
able liquid may be present or through which a heatable liquid
can be passed, electric heating jackets or heating coils,
and/or one or-more layers of a semiconducting material
to be connected to a voltage source; heating coils, immer-
sion heaters and/or heating plates are preferred for the
latter method of heating. The above provision in which the
column or the column and the eluent reservoir is or are
heated by means of a layer of a suitable semiconductor is to
be preferred because this provision can be provided simply
and hence cheaply, occupies little space and enable»a good
temperature regulation and temperature control. 4

An insulation jacket or insulation Jjackets around the layer 4
or layers of semiconducting material is, of cdurée, very much
desired. An efficacious heating can already be achieved by
simply providing the column with adsorption agent externally
with a layer of a semiconducting material to be connected

to a voltage source. In another favourable embodiment the

column comprises between the inlet aperture and the adsorp-

tion agent an "empty" space, i.e. a space which is not filled
with the adsorption agent, sufficient to comprise a quantity

of eluent for at least one elution. When said column, inclu-
sive of the saild "empty" space, is provided with external
heating means, preferably a layer of a semiconducting mate-
rial, not only the conftents of the column but also the quan-~
tity of eluent necessary for one elution is heated during

the elution to the desired temperature. In another also fa-
vourable embodiment, the column with the adsorption agent is
surrounded entirely or partly by a jacket having inlet and
outlet apertures through which the eluent can flow, the out-

let aperture of the jacket being connected with the inlet
aperture of the column. In this latter embodiment the jacket

has external heating means, preferably a layer of a semicon—
ducting material, by which the eluent flowing through the

Jjacket during the elution is heated to the desired temperature.
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The heated eluent in turn heats the contents of the column

to the elevated temperature desired for the elution.

A large number of different known semiconducting materials

is suitable to serve as a heating layer. The semiconductor
preferably chosen is a material which consists entireiy or
substantially entirely of stannic oxide or indium trioxide

to which a small'quantity of antimony trioxide has been added.

Also often a different heating facility is pre-
ferred, namely a heating plate, which can be fitted very
simply. Such a heating plate is especially suited for hea-
ting the air in a room wherein the column is place, for
example a lead shielding vessel closed by a lead cover. If
an improved temperature control is desired, it is recommended
to replace the air surrounding the column by a suitable 1li-
quid, having better heat conduction and transfer than air.

According to another aspect of the invention,
the device for generating a gold-195m~containing liquid com=-
prises a gradient~packed column, i.e. that an adsorption
agent with parent isotope mercury-195m adsorbed hereon is
present in the column and comprises at least two layers of
different adsorption capacities for the parent isotope, the
layers being arranged between the apertures of the column
in a sequence of increasing adsorption capacities. This de=
vice comprising a gradient-packed column may be constructed,
if desired, with a facility for heating column or eluent
reservoir and column, as described Kereinbefore.

In a very suitable embodiment the column comprises a zinc
sulphide-containing adsorption agent on the basis of silica
gel, aluminium oxide, natural or synthetic aluminium silicate,
active carbon or glass, which adsorption agent comprises at
least two layers having different contents of zinc sulphide,
preferably increasing from approximately 0.5 to approximately
20 mg of zinc sulphide per gram of adsorption agent.

The invention furthermore relates to a generator
column for .a device as described above. Said generator column
consists of an entirely or substantially cylindrical body
which is open at each end and whose apertures are closéd by

means of rubber stoppers which comprise or may be provided
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with connection means from the interior of the body to a
reservoir for the eluent and to a receptacle for the radio-
active daughter isotope-containing liquid, respectively;
said stoppers being connected in or on the open ends of the
body so as to seal circumferentially, in which body an adsorp-
tion agent for the parent isotope is or can be enclosed be-
tween filters which are present inside the body on the upper
side and the lower side, respectively, of the adsorption
agent. Such a column, as described, for example, in Example
X of the above-mentioned Netherlands Patent Application
8002235, consists preferably of a glass tube which at each
end is widened and provided with flanged parts, in which tube
the adsorption agent is enclosed between filters of sintered
glass and porous plastic. The column according to the inven-
tion is characterized in that the entirely or substantially
cylindrical body has external heating means as desdribed
hereinbefore. According to another aspect of thebinvention
the generator column for a device for generating a gold-195m-
-containing liquid is characterized in that an adsorption
agent which comprises at least two layers of different adsorp-
tion capacities for the parent isotope mercury-195m is pre-
sent in the entirely or substantially cylindrical body, the
layers being arranged between éhe filters in a sequence of
increasing adsorption capacity: As indicated hereinbefore,
said gradient-packed column may also be constructed with a
facility to heat the column, as described hereinbefore.
Finally the invention ?elates to a method of pre-
paring a gradient-packed generator column for a device for
generating a gold-195m-containing liquid. As stated in the
above-mentioned Example X of Netherlands Patent Application
8002235, a generator column is packed or filled by providing
an adsorption agent for the parent isotope mercury-195m on
a first filter, which is present in the entirely or substan-
tially cylindrical column body which is open at each end and
of which filter the circurmference adjoins the inner wall of
the body, then providing on the upper side of the adsorption
agent in the body a second filter whose circumference also

adjoins the inner wall of the body, and finally closing the
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two ends of the body with rubber stoppers which comprise or
may be provided with connection means from the interior of
the body to a reservoir for the eluent and to a receptacle
for the radiocactive daughter isotope-containing liquid, res-
pectively, by connecting sald stoppers in or on the open ends
of the body so as to be sealing circumferentially. For fil=-
ling a gradient-ﬁacked generator column according to the
invention at least two compositions of different adsorption
capacities for the parent isotope are used, while the compo-
sitions, arranged in layers in a sequence of increasing or
decreasing adsorption capacity are provided on the first fil-
ter. Particularly suitable for this purpose are compositions
of a zinc sulphide-containing adsorption agent on the basis
of silica gel, aluminium oxide, naturai or synthetic aluminium
silicate, active carbon or glass, having different'éontents
of zinc sulphide, said compositions being provided on the
first filter in layers arranged in a sequence of.increasing
or decreasing zinc sulphide content. After closing the
column, the adsorption agent in the column according to the
invention may be loaded with parent isotope mercury-195m by
allowing a solution of the parent isotope to pass through
the adsorption agent through the connection means in the
rubber sealing stoppers, for example, tubes or injection
needles which are pierced through the stoppers, in such man-
ner that the layers of the adsorption agent are passed
through the liquid in a sequence of increasing adsorption
capacity. In case a zinc sulphide-containing adsorption
agent is used, upon loading a solution of the parent isotope
is passed through the adsorption agent in such manner that
the liquid passes through the layer in a sequence of increa-
sing zinc sulphide content.

The invention will now be described in greater
detail with reference to the following specific Examples.

EXAMPLE I
Figures 1a, 1b and 1¢ are cross-sectional views of favourable
embodiments of heatable generator célumns according to the
invention. In Figures 1a and 1b, the glass tube {column body)

3 is widened at the two open ends and provided with flanges.
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The rubber stoppers 2 are connected tq the open ends of the
tube by means of caps or folded capsules 1 having a central
aperture. The adsorption agent 7 is present between two fil=-
ters, one filter 4 of sintered glass (G2) on the side of

the upper end, i.e. the side where the eluent is admitted

to the column, and one filter 8 of porous plastic, for exam-
ple, of vyon plaétic, on the side of the other end, namely
where the eluate is drained from the column. The plastic
filter is supported by a polypropylene supporting ring 9.
The column in Figure l1a can be heated by means of a heating
coil, in this case a coiled resistance wire 5 which can be
connected to a voltage source. The column in Figure 1¢ can
be heated by means of a layer 12 of semiconducting material
which can be connected to a voltage source and which sur=
rounds the central part of the glass tube. The semiconduc-
ting material consists of a mixture of stannic oxide and
antimoney trioxide. The heating means are enveloped by insul-
tationvgackets 6. In the generator column in Figure 1b, the
glass tube (column body) 10 is surrounded by a jacket 11
having an inlet aperture and an outlet aperture, so that a
heated liquid of a constant temperature can be circulated

by pumping (see arrows).

Figure 2 is a cross-sectional view of a suitable
embodiment of a gradient-packed generator column according
to the invention. Column components corresponding to those
of Figure 1 are referred to by the same reference numerals.
The column is packed with three layers of different adsorp-
tion capacities for the parent isotope mercury-195m, namely
layers 15, 14 and 13 with a decreasing content of zinc sul-
phide per gram of silica gel. The layers 15, 14 and 13 com-
prise approximately 6, 3 and 2 mg of zinc sulphide per gram
of silica gel, the less concentrated layers being obtained
from the concentrated layer (approximately 6 mg per gram of
silica gel) by dilution with silica gel.

Figure 3 shows the same gradient-packed column
as Figure 2 but now also provided with a heating in the form
of a layer of a semiconducting material (SnOz/SbEO )y which

layer can be connected to a voltage source. The reference
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numerals are the same as used in Figures 1 and 2.

Figure 4 shows a few other embodiments of heat-
able gradient-packed columns. The glass tube (column body)
16 shown in Figure 4a is so long that besides the packing
or filling (13, 14, 15 in decreasing zinc-sulphide concentra-
tions) which is enclosed between the filters 4 and 8, a space
17 remains which‘can comprise a quantity of eluent which is
approximately sufficient for one single elution. The flow
of the eluent through the column is indicated by arrows. Si-
multaneously with the column filling, the quantity of eluent
admitted to the space 17 of the column body destined for this
purpose, can be heated to the desired temperature by means of
a heating in the form of a layer 12 of a semiconducting mate-
rial, which layer can be connected to a voltage source. The
glass tube (column body) 22 shown inFigure 4b is ffiled with
adsorption agent (13, 14 15 in decreasing zinc-sulphide con-
centrations) in the same manner as the column body of Figure
4a. The column body 22 sealed by double perforated rubber
stoppers- 19 which are kept in their locations by folded cap-
sules 18 provided with central apertures, is enveloped by a
Jacket 20 through'which the eluent can flow (see arrow). A
U-shaped tube 21 comprising sharp ends is pierced through the
lower stopper and communicates the interior of the jacket
with that of the column. Through this tube the eluent can
reach the column filling. After having passed the column fil-

ling, the eluate may be drained from the column on the upper

by means

side (see arrow). The eluent in the jacket can be heated of
a layer 12 of a semiconducting material which can be connec-
ted to a voltage source, while the column filling can be
brought at the desired temperature by the heated eluent in
the jacket.
Of course, various heating means are also possible without
departing from the scope of the present invention, for example
the heating plate mentioned before. A heating plate as such
is so well .known, that such a device does not need further
illustration.

EXAMPLE II

A generator column as shown in Figure 1b and described in
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Example I was loaded with mercury-195m by contacting the
adsorption agent with a solution of radiocactive mercury ni-
trate having a pH of 5-6, which solution had been obtained

by dissolving 200 mCi '2°W

Hg obtained from a cyclotron target
in 2-4 ml of concentrated nitric acid, then diluting the re-
sulting concentrate with water up to approximately 10 ml,

and finally bringing at a pH of 5-6. Upon loading the column

with radiocactive 195m

Hg isotope, the column was placed up-
side down so that the sintered glass filter was present at
the top of the column, after which the adsorption agent in
the column was contacted with the isotope-containing loading
solution by causing the solution to flow through the sintered
glass filter into the column. By loading the column in this
manner, accidental adsorption of 195mHg on the plastic struc-
tural components of the column is avoided. The adsorption of
195mHg on the adsorption agent is substantially quantitative
in which not more than approximately 0.1% of the activity
used was found.again in the liquid flowing out of the column
after the loading has been completed.

An eluent for the column was prepared by dissolving approxi-
mately 29.8 g of sodium thiosulphate (5H20) and approximately
10 g of sodium nitrate in approximately 1,000 ml of water.
The column of the isotope generator was eluted in the reverse
positicn with the eluent by injecting 2 ml under pressure in
the generator. In a very short time, namely 2 to 3 seconds,
the 195mAu-containing eluate could be collected from the
column. The elution was carried out at variocus temperatures
by pumping water of a constant temperature both through a
jacket provided around the eluent reservoir and through the
column jacket.

The number of millicuries in the eluate was derived from the
count rate of the eluate measured on a rapid gamma analyzer
with a single channel, the gamma energy channel of 261 keV
being used. The resulting count rate was corrected (besides
the usual correction factors of geometry, efficilency and dead
time) for the loss of counts by the decay of 195mAu during
the measuring time and also for the loss of activity during

the time lapsed between elution and beginning of the measure-
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ment of the counts for each eluate.

The formed number of millicuries of 195m

Au in
each eluate was normalised to an elution time of 14.00 hours
on the day at which the elutions took plabe so that all re-
sults would be directly comparable.

The elution yield which is defined as the percen-

tage of eluted 195m

195m
195m

Au with respect to theoretically available
Au, was derived from the known number od@illicuries at
Hg with which the generator column was loaded and the
195m . . 195m
Hg yields 0.458 mCi of Au),

while the above normalization was used.

decay parameters (1 mCi of

The radionuclidic purity of the eluates was de-

termined by counting-—after complete decay of the eluted

195m 195m

Au—560 keV gamma rays emitted by Hg remained in the

. a
eluates. The found values were expressed either as a percen-

tage of the overall quantity of 195mHg with which the gene-
rator column was loaded, or as the number of microcuries of
195m 195m

Hg per millicuries of eluted Au, while all results
were again normalized as described above.

In Figure 5 the elution yields Y found, in per
cent, are plotted'against the elution temperature T: curve
N. The improvement of the elution yield at elevated tempera-
ture is significant.

EXAMPLE III
A gradient-packed generator column as shown in Figure 3 and
described in Example I was loaded with 200 mCi of mercury-
~-195m, as described in Example II, by leading the solution
of radiocactive mercury nitrate through the column in such
manner that the layers were passed by the solution in the
sequence of increasing zinc sulphide concentrations, so
layer 13 —s layer 14 — layer 15. The elution was carried out
at various temperatures as described in Example II. The elu=-
tion yields Y shown inFigure 5 were found and plotted against
the elution temperature: curve G.

EXAMPLE IV
A gradient-packed generator column as shown ié?igure 2 and
described in Example I was loaded with quantities of mercury-

-195m (including mercury 195) varying between approximately
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400 and 800 mCi.

For comparison, a column, packed homogeneously with silica
gel which had been modified with 6.3 mg of zinc sulphide per
gram of silica gel, was loaded in the same manner with quan-
tities of mercury-195m (including mercury-195) varying be-
tween approximately 200 and 1,000 mCi.

The elution of the column was carried out at room tempera-
ture as described in Example II. _

The results shown in Figure 6 were obtained: line 2 represents
the average elution yields plotted against the loading which
yields were found with the gradient-packed column, line 1
those obtained with the normally,hence homogeneously, packed
column. From this Figure it 1is clear that the elution yileld
decreases with higher loading, but that the elution yields
are higher when a gradient-packed column is used than when

a homogeneously packed column is used.
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CLAIMS FOR EP:

1. A method of preparing a radiocactive isotope-
~containing liquid by allowing a solution of a radioactive
parent isotope to pass through an adsorption agent in a column,
the parent isotope being adsorbed on the adsorption agent
and producing there a radiocactive daughter isotope by decay,
and by then eluting the daughter isotope from the adsorption
agent with an eluent, characterized in that the elution is
carried out at elevated temperature, preferably between 30
and 100°C.

2. A method as claimed in Claim 1, characterized
in that during the elution either the column comprising the
adsorbed parent isotope or both the eluent and the column
comprising the adsorbed parent isotope is/are maintained at
elevated temperatdre.

3. A method as claimed in Claim 1 or 2, charac-
terized in that a gold-195m containing liquid is prepared by
elution of an adsorption agent on which mercury-195m is ad-
sorbed. '

4. A method as claimed in Claim 3, characterized
in that an adsorption agent for the parent isotope mercury-
-195m is used which comprises at least two layers having dif-
ferent adsorption capacities for the parent isotope, and that
the solution of the parent isotope is passed through the ad-
sorption agent in such manner that the layers are passed by
the liquid in a sequence of increasing adsorption capacities.

5. A method of preparing a gold-195m-containing
liquid by allowing a solution of mercury-195m as parent iso~
tope to pass through an adsorption agent in a column, the
parent isotope being adsorbed on the adsorption agent and pro-
ducing there a radiocactive daughter isotope by decay, and by
then eluting the daughter isotope from the adsorption agent
by means of an eluent, characterized in that an adsorption
agent for the parent isotope mercury-195m is used which com-
prises at least two layers of different adsorption capacities
for the parent isotope, and that the solution of the parent
isotope 1s passed through the adsorption agent in such manner
that the layers are passed by the liquid in a sequence of in-
creasing adsorption capacities.
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6. A method as claimed inClaim 4 cr 5 in which
a zinc sulphide-containing adsorption agent on the basis of
silica gel, aluminium oxide, natural or synthetic aluminium
silicate, active carbon or glass is used as an adsorption
agent for the parent isotope, and an aqueous solution of thio-
sulphate is used as an eluent for the daughter isotope, cha-
racterized in that an adsorption agent is used which compri-
ses at least two layers of different contents of zinc sulphide.

7. A device for generating a radioactive isotope
-containing liquid, comprising a column having inlet and out=-
let apertures in which is present an adsorption agent with
a radioactive parent isotope adsorbed hereon, and a reservoir
connected to the inlet aperture of the column, characterized
in that either the column with the adsorption agent or both
the reservoir for the eluent and the column with the adsorp-
tion agent comprise(s) external heating means, or is/are
placed in a room or rooms having heating means.

8. A device as claimed in Claim 7, characterigzed
in that the heating means comprise one or more jackets in
which a heatable liquid may be present or through which a
heatable liquid can be passed, cne or more electric heating
jackets or heating coils, one or more heating plates or immer-
sion heaters, and/or one or more layers of a semiconducting
material to be connected to a voltage source.

9. A device as claimed in Claim 8, characterized
in that the column with the adsorption agent externally com-
prises a layer of a semiconducting material which can be
connected to a voltage source, which material preferably con-
sists entirely or substantially of stannic oxide or indium
trioxide, to which a small quantity of antimony trioxide has
been added, if desired.

10. A device as claimed in Claim 8, characterized
in that between inlet aperture and adsorption agent the column
comprises a space which is not filled with adsorption agent
and which may comprise a guantity of eluent sufficient for at
least one elution, and that the column including the said
space has external heating means.

11. A device as claimed in Claim 8, characterized
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in that the column with the adsorption agent is surrounded
partly or entirely by a jacket having inlet and outlet aper-
tures thfough which the eluent can flow, the outlet aperture
of the jacket communicating with the inlet aperture of the
column, the jacket having external heating means.

12. A device as claimed in any of the Claims 7=
11 for generating a gold-195m-containing liquid, characterized
in that an adsorption agent having adsorbed hereon parent
isotope mercury-195m is present in the column which comprises
at least two layers of different adsorption capacities for
the parent isotope, the layers being arranged between the two
apertures of the column in a sequence of increasing adsorp-
tion capacities.

13. A device for generating a gold-195m-contai-
ning liquid comprising a column having inlet and outlet aper-
tures, in which column an adsorption agent having adsorbed
hereon parent isotope mercury-195m is present, and a reservolir
for an eluent connected to the inlet aperture of the column,
characterized in that the column comprises an adsorption
agent which has at least two layers of different adsorption
capacities for the parent isotope, the layers being arranged
between the two apertures of the column in a sequence of
increasing adsorption capacities. »

14, A device as claimed in Claim 12 or 13, in
which the column comprises a zinc sulphide-~containing adsorp-
tion agent on the basis of silica gel, aluminium oxide, natu=-
ral or synthetic aluminium silicate, active carbon or glass,
characterized in that the adsorption agent comprises at
least two layers of different contents of zinc sulphide.

15. A generator column for a devicé as claimed
in any of the Claim 11-13 consisting of an entirely or sub-
stantially cylindrical body which is open at each end and the
apertures of which are sealed by means of rubber stoppers

which comprise or may be provided with connection means from

‘the interior of the body to a reservoir for the eluent and

to a receptacle for the radiocactive duaghter isotope-contai-
ning liquid, respectively, which stoppers are connected in or

to the open ends of the body so as to seal circumferentially in
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which body an adsorption agent for the parent isotope is or
can be enclosed between filters which may be present on the
upper side and lower side, respectively, of the adsorption
agent inside ﬁhe body, characterized in that the entirely or
substantially cylindrical body has external heating means.

16. A generator column for a device as claimed
in any of the Claims 12-14 comprising an entirely or substan-
tially cylindrical body which is open at each end and the
apertures of which are sealed by means of rubber stoppers
which comprise or may be provided with connection means from
the interior of the body to a reservoir for the eluent and
to a receptacle for the radioactive daughter isotope-contai-
ning liquid, respectively, which stoppers are connected so
as to be circumferentially sealing in or to the open ends of
the body, in which body an adsorption agent for the parent
isotope mercury-195m is enclosed between filters which are
present on the upper and lower sides of the adsorption agent,
respectively, inside the body, characterized in that the
adsorption agent for the parent isotope comprises at least
two layers of different adsorption capacities for the parent
isotope, the layers being arranged between the filters in a
sequence of increasing adsorption capacities.

17. A method of preparing a generator column as
claimed in Claim 16 by providing an adsorption agent for the
parent isotope mercury-195m on a first filter which is pre-
sent in an entirely or substantially cylindrical body which
is open at each end and the circurmference of which adjoins
the inner wall of the body, then providing a second filter
on the upper side of the adsorption agent in the body the
circumference of which also adjoins the inner wall of the
body, and finally sealing the two ends of the body by means
of rubber stoppers which comprise or may be provided with

connection means from the interior of the body to a reservoir

for the eluent and to a receptacle for the radioactive daughter

isotope-containing liquid, by connecting said stoppers in or
to the open ends of the body so as to seal circumferentially,
characterized in that at least two compositions of different

adsorption capacities for the parent isotope are used as
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adsorption agents, and that the compositions, arranged in
layers in a sequence of increasing or decreasing adsorption
capacities, are provided on the first filter.

18. A method as claimed in Claim 17, characte~
rized in that after closing the column the adsorption agent
in the column is loaded with parent isotope mercury-195m by
allowing, through the connection means in the rubber stoppers,
a solution of the parent isotope to pass through the adsorp-
tion agent in such manner that the layers of the adsorption
agent are passed by the liquid in a sequence of increasing

adsorption capacities.



174 0096918

1 1
(\ 2. A, I/”/.‘. 2
&t 7Y
C== /—:—‘_—~ 0
=/ N\ = -V
Ny 4 4~ “,“”'l”\‘@/*—'-
%\\:/j// ""‘"‘5 ; [ // /ﬂi
N 7 / -
N ———~5 7
N P LA
&\ZC:/ N A
/é\\//// ;>/_~—7 / /// /
N - 7 /
\\ A Z/s

SIS SIS IS \

| TN =
lt‘lll_\

/4
/4
7 7/

i U\
Y ]
44/%\

(o)
)
RS
<
RN =
"'II:\
o
\
N
w

1-IN - CIL 0110



14

AY
. \\\\ b, N
L LN A

214

0096918

Ve
// /'/'_ W13
7 s
Z £ N
A —14
s //
/7 7
> 7 /15
a4
s el 6
o
SEnas— ///// 12
1T 8
- \
X —_
~_."H
l N N|
menapa

2-IV-CiL 010



8

:
i

4

00969

314

NIRRT

<4

/
Ve
TR =2

>
SRE/INIA
N - -
ETRLTIND
A ///// -.._
// -
/s
7
//
V4
/s
/|
7
e

SRR
445
T‘.J _/
—

.
\g#
4

-_.\/
v
N
\’/
N
- \’// v
- 7/
- e

(

/
NN

NG

- CIL omno

3 -

FI1G.4b

FIG.4a

— (N w
p—4
o N S ¢ 0@ s O o o
/N U O R I :
7 7 )
4
_ 2
[ L p 4 £og el <<t
______________ %/ /\ N /v N NES ns [N
! v B Y VN O%e N L
Tt _____ | ___~m ~ N //// SNNEL Y
_.____ L _ =N N // ///V/W/I

{ f 7 7 > 7 7
I #
4 /
, /

_




L1k 0096918

50)
Yero)
55
50
45
40
35 e . .5
20 30 40 50 60 70 80 60°100
_..._’T
50,
Y (o] \L
1
30..
10 . , e
0 200 400 600 80 1000

FIGe — mon

4-IV-CIL 010



EPO Form 1503. 03.82

9

European Patent

0026218

EUROPEAN SEARCH REPORT

Office

EpP 83 20 0774

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (int. CL. 3)
G 21 F 9/00
A,D | GB-A-2 047 672 1,3,6
(BYK-MALLINCKRODT)
* Claims 1,3-5 *
A FR-A-2 110 108 (SMITH) 7
* Claims 1,6-8; figure 1 *
A GB-A-2 087 633 (UKAEA)
* Abstract *
TECHNICAL FIELDS
SEARCHED (Int. C1. 3)
G 21 G
A 61 K
The present search report has been drawn up for al! claims
Place of search Date of completion of the search Examiner
THE HAGUE 26~09-1983 NICOLAS H.J.F.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date .
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

