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SAMPLE COUNTING SUPPORT WITH
SOLID SCINTILLATOR FOR USE IN
SCINTILLATION COUNTING .

Field of the Invention

This invention relates to the measurement of a
radiocactively labeled sample material by an automated
instrument for radioisotope detection and méasurement,'
such as for example, a liquid scintillation counter which
detects light emissions generated from a scintillator
material responsive to the radioactive substance labeling

the sample.

Background of the Invention
Liquid scintillation counting and automated
instruments known as liquid scintillation counters are

widely utilized to analyze samples having radioactively
labeled substances. Generally, a sample in solution is
mixed with a liquid scintillator, commonly referred to as
a cocktail, and light events produced from the sample and
cocktail mixture are detected according to their energy
and frequency. The light events are caused when
particles, emitted from the radioactive isotope labeling
a select substance of the sample in solution are received
by a molecule of liquid scintillator. This produces a
light emission having an energy characteristic of the
radioactive particle received. Detecting the energy of
the light events and number of light events in a
particular energy range provides an assemblage of
information known as a spectrum from which the select
substance of the sample, that material which is
radioactively labeled, can be quantitatively analyzed.
Liquid scintillation counting and automated instruments
to perform liquid scintillation counting have been widely
discussed in a multitude of publications and patents.
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Scintillation counting of liquid samples possesses
some characteristic disadvantages due to the nature of
the liquid solution which is utilized. One is a
phenomenon known as quench. Quench commonly refers to an
effect in the scintillation process of the chemical or
optical nature which results in loss of light events or
reduction in light emission energy. It is in part due to
the chemical nature of the solution in which the sample
and scintillator are mixed and in part due to the color
of the liquid sample solution.- The result is
inefficiency in the ability of-the liquid scintillation
counter to accurately count the particle disintegrations
of the isotopes identifying the investigated material in
the sample, thus, inferfering with sample analysis.

Another disadvantage is the use of a liquid in
which the radioactive sample and scintillator material,
‘i.e., the cocktail, are intermixed. Following analysis
this liquid solution and the vial in which it is held
must be disposed of. However, regulations relating to
disposal of radioactive materials impact disposal and
control of the method in which disposal may be
accomplished. This is particularly rigorous for liquid
radioactive materials. Generally, samples are of a
sufficient volume that specialized disposal methods must
be followed which is quite costly. In many cases a solid
material having a radioactive nature is treated
differently.

Summary of Invention
A sample counting support which can be utlllzed to
dlsplay a sample material under a process of
scintillation with a solid scintillator is provided,
which comprises a base material supporting a solid

scintillator. The base material provides a surface upon
which the solid scintillator is supported and which may
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receive a sample. The base material is covered with a
thin layer of solid scintillator and may receive a sample
having a material labeled with a radioactive substance to
cause the scintillation process by which the sample
material can be analyzed. The base material may be rigid
or flexible, porous or non-porous, SO long as it provides
an adequate surface upon which the solid scintillator may
be coated and retained. Preferably, the base material
will be transparent, to permit paésage of light emissions
from the solid scintillator in all directions. '
Additionally, filter type material may be utilized to .
assist in deposition of the solid scintillator compound
and/or the sample thereupon.

The solid scintillator may be permanently retained
on the base material by a binder material, it may be
embedded on the surface of the base material, or it may
be chemically attached to the base material. An
alternative is to embed the solid scintillator into a
base material which is porous during the process of
manufacture of such material. The solid scintillator is
preferably dried on the surface of the sample counting
support for high efficiency in scintilllation activity
and for ease in handling by a laboratory technician.

Description of the Drawings
Fig. 1 is a cross-section of a sample counting
support which has a base material comprised of a filter -

type material.

Fig. 2 is a cross-section of a sample counting
support which has a base material comprised of a rigid
material such as glass. '

Fig. 3 is a cross-section of a typical liquid
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scintillation counting vial having a solid scintillator
in a thin layer over the flow of the vial.

Detailed Description of the Invention

This invention relates to and is for use in a
method of scintillation counting using a solid
scintillator as described in a copending patent
application for METHOD OF SCINTILLATION COUNTING USING A
SOLID SCINTILLATOR filed on the same day herewith in the
names of Stephen W. Wunderly and Joseph F. Quint, the
‘inventors. A sample counting support for use in '
scintillation counting of a raaioactiveiy labeled samplé
by means of a solid scintillator comprises two basic
parts. The first is a base material which forms a
structure for supporting, displaying and retaining the
‘second part, a solid scintillator. The base material
also provides a support for the sample which is
introduced directly thereon when scintillation counting
is to take place.

The base material may be any one of a number of
substances which provides an adequate surface area to
which the solid scintillator compound may be bonded,
adhered, embedded or attached. This material should be
inert and nonreactive to the solid scintillator, to the
material utilized in deposition of scintillator onto the
support, and to the sample and sample carrier material.
The base material may be rigid or flexible, porous or
nonporous so long as the solid scintillator remains .on
its surface in storage, transportation or use. For
example, the base material may comprise glass, a plastic, -
or even a metal. It may also be a fibrous material such
as paper or a filter material which has particular
advantages associated with it for deposition of the solid
scintillator and/or a sample constituent that is
radioactive labeled. The fibrous and filter paper
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include all known types which may be constructed of wood
pulp, cotton, glass or polypropylene, fiber or other
membranes of various ingredients such as PTFE, nylon,
polysulfate and cellulose derivatives. A glass fiber
filter type support is generally preferred.

It is preferable to utilize a base material which
is transparent so that light emissions from the '
sc1ntlllatlon events are not blocked in any direction and
may be passed through the base material to wherever the
photodetector of the liguid scintillation instrument
resides in the counting chamber of the liquid
scintillation instrument. The base material may be
formed in any shape that is desirable or beneficial in
scintillation countlng. Many differing shapes may be
utilized for the counting support to provide various
advantages in containing the sample material or
scintillator, or permitting easy placement of the sample
counting support within the counting chamber of a liquid
scintillation instrument.

A standard liquid scintillation counting vial .
could be used, for instance, as a base material having
its interior surface, within the walls, the floor or both
coated with solid scintillator.

The solid scintillator is bound to the surface of
the base material and may coat either one side or the
entire surface of the base material. This may be
accomplished by any method which is adaptable to the
particular base material selected and compatible with the
solid scintillator. For example, if a glass. material is
selected, the solid scintillator material will be bound
to the surface of the glass through use of a suitable .
binder material. For example, a common binder which may
be used is the type which binds silica gel to hard
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surface backings. Such a binder can be obtained from
American Cyanamid, Wayne, New Jersey, under the trade
name CYANAMER N-300. Generic examples are calcium
sulfate one half hydrate (CaSoy. 1/2 H,0), polyvinyl
alcohol, or polyacrylamide-aqueous type. The same
binding method would be used with plastic or metal.

&

Similarly, with use of a fibrous material or a
fllter material, the binder as described above would be
acceptable. However, the solid scintillator could also
be embedded on the surface of the fibrous or filter '
material and retained in place.by physical attachment.
This could be accomplished, for example, with filter
paper by filtering the solid scintillator into the filter
paper by a standard laboratory filtering technique. The
solution containing the solid scintillator which is
filtered could also contain a binding agent which may
improve the binding efficiency of the scintillator to the
filter material.

A third method by which the solid scintillator
could be bound to a base material is through chemical
attachment, i.e., chemical bonds. It is possible to
chemically bond the solid scintillator to the surface of
a base material by chemical binding techniques utilized
in column or affinity chromatography packing materials
where differing reagents are chemically bonded to a SOlld
support bead to achieve select surface properties or
select reactivity properties. One may also use any
common linker chemistry, such as are well known for
revéréé phase chromatography. The solid scintillator
would be thus attached by a chemical linker which is
generally a molecular chain which has a property at one
end to associate with the solid scintillator and a
property at the end to associate with the bonding
material.

A 3
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Fourthly, it is possible to embed the solid
scintillator into a porous base material as the base
material is manufactured. This would be possible with
certain plastics and glass which are transparent. The
solid scintillator would thus be held within the base
material itself and only the sample applied to the
surface of the base material.

The solid scintillators which are usable for
application to a base material-to provide the invention
presented herein would be any solid scintillator which is
in a particulate form or any volatile liquid scintillator
material which dries - to a solid form following
application to a surface. Examples of the types of solid
scintillators usable are as follows: calcium fluoride
doped with europium CaF, (Eu); zinc sulfide doped with
silver ZnS (Ag); yttrium silicate doped with cerium
¥,8i0g (Ce); lithium glass doped with cerium, anthracene;
PPO; polystyrene or poly(vinylaryl) functions doped with
common liquid scintillation fluors. It is preferable to
use a solid scintillator having the smallest particle
size available. It has been found that scintillation
efficiency is improved by using a finer particle size.

In tests a particle size of 2 to 10 microns has shown to
have the best performance in scintillation counting.

Preparation of the sample counting support could
be by one of the following methods. The first method
would be to prepare a slurry of solid scintillator and
binder containing 20 milligrams of the solid scintillator
and 5 milligrams of binding agent in 10 milliliters of
water. The slurry could be filtered through a filter
material, which is selected as the base material, whereby
the scintillator will coat the surface of the filter
paper. The base filter material is then removed and
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dried and the binder will adhere the solid scintillator
to it in a dry from. The filtering process is performed
until a sufficient amount of solid scintillator is
adhered to the filter base material, yet permitting the
base filter material to function in a filtering process
for possible application of the sample material by the
same method.

A second method would be to use a slurry of binder
and solid scintillator and coat the slurry onto the
surface of a base material which may be selected as
glass, plastic, Tilter material, etc. The slurry would
be prepared by dissolving 10 mg binder in 20 ml of water
and mixing 10 grams of solid scintillator with 20 ml
methanol; and adding the binder solution. The slurry is
coated to a thickness such that the final weight of the
scintillator and binder is within a range of 20
milligrams to 120 milligrams for a 25 millimeter diameter
circle, the optimum being about 50 milligrams for the
same diameter circle. After coating the slurry it is
_again'dried leaving the solid scintillator bound to the
surface of the base material in a dry form. This method
may be more'preferable than the first method to obtain a
uniform distribution of the solid scintillator. The
scintillator should, of course, be distributed across the
surface of the base material in a manner that is as
uniform as possible to assure that efficiency in
scintillation counting is not affected by the
distribution of the solid scintillation material.

A third method would be to dip the base maﬁerial
into the slurry of solid scintillator and binder
described for method two. This would coat the entire
surface of the base material. The coating thickness of
the solid scintillator could be controlled by the
viscosity of the slurry.

n

]
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Once the sample counting support is prepared by
deposition of the solid scintillator on the base material
in a dried form, the sample counting support may be
utilized for scintillation counting by applying a sample
directly to the surface in a manner that is compatible
with both the sample material and its solution, the
scintillator and its binding to the support, and in
consideration of the type of base material utilized. The
sample is then dried. This provides highly efficient
interaction between the radioactive isotope labeling the
sample material and the solid scintillator due to the
intimate contact of these dried substances. For
instance, if a sample counting support is made utilizing
glass as a base material, the radioactively labeled
sample can be spotted, blotted or dabbed, directly onto
the surface of the support. The sample is then dried and
the sample counting support introduced into the counting
chamber of a scintillation counter for sample analysis.
If, for example, the sample cdunting support is made
utilizing a filter material as a base material, the
sample counting support may be utilized in a filtering
process to deposit the radiocactively labeled sample
material onto the support, the support then dried and
again introduced into the counting chamber of a
scintillation counter to analyze the sample.
Additionally, if the sample counting support is made of a
porous material, such as for example paper, etc., the
radioactivity labeled sample material may be described
into or onto the support, then dried and analyzed.
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What is claimed is:

it ]

1. A sample counting support for use in
scintillation counting of a radiocactively labeled sample,
in a liquid scintillation counter, comprising a support
material having a surface for receiving a solid 7
scintillator compound, said solid scintillator compound
bound to said support material ané forming a thin'
substantially uniform surface layer of dry solid
scintillator thereon for receiving and intimately
contacting a sample having a material labeled with a
radioactive isotope, whereby said solid scintillator Qill
produce light events in response to parficle emissionsr
from the radioactive isotope which may be measured by the
liquid scintillation counter to analyze the sample.

2. A sample counting support for use in
scintillation counting of a radioactively labeled sample,
in a liquid scintillation counter, comprising a support
material having a surface for receiving a solid
scintillator compound, said solid scintillator compound
adhered to said support material and forming a thin
substantially uniform surface layer of dry solid
scintillator thereon for receiving and intimately
contacting a sample having a material labeled with a
radioactive isotope, whereby said solid scintillator will
produce light events in response to particle emissions
from the radioactive isotope which may be measured by the
liguid scintillation counter to analyze the sample.

3. A sample counting support for use in
scintillation counting of a radioactively labeled sample,
in a liquid scintillation counter, comprising a sﬁpport
material having a surface for receiving a solid
scintillator compound, said solid scintillator éompound
embedded on the surface of said support material and

)
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forming a thin substantially uniform surface layer of dry
solid scintillator thereon for receiving and intimately
contacting a sample having a material labeled with a
radioactive isotope, whereby said solid scintillator will
produce light events in response to particle emissions
from the radioactive isotope which may be measured by the
liquid scintillation counter to analyze the sample.

4:. A sample counting support for use in
scintillation counting of a radiocactively labeled sample,
in a liquid scintillation counter, comprising a porous
support material- having a surface for receiving a solid
scintillator compound, said solid scintillator compound
embedded within said porous support material and forming
a substantially uniform layer of dry solid scintillator,
said support material adapted for receiving and
intimately contacting a sample having a material labeled
with a radioactive isotope, whereby said solid
scintillator will produce light events in response to
particle emissions from the radioactive isotope which may
be measured by the liquid scintillation counter to
analyze the sample.

5. The sample counting support of claim 1 or 2
wherein said support material is transparent to light.

6. The sample counting support of claim 5
wherein said support material is glass.

7. The sample counting support of claim 5
wherein said support material is plastic. '

8. ° The sample counting support of claim 1
wherein said support material is a filter material.
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9. The sample counting support of claim 8
wherein said filter material is constructed of plastic
fibers such as polypropylene PTFE, nylon, polysulfone.

10. A sample counting support of claim 1
wherein said support material is a fibrous material.

- 11. The sample counting support of claim 1 or 2
wherein said solid scintillator compound is bound to said
support material through use of a binder material.

12, The sample counting support of claim 11
wherein said binder material is calcium sulfate
anhydrate. '

13.  The sample counting support of claim 11
wherein said binder material is polyvinyl alcohol.

14. The sample counting support of claim 11
wherein said binder material is polyacrylamide.

15. The sample counting support of claim 1
wherein said solid scintillator compound is bound to said

support material by a chemical bond or a chemical linker
molecule.

v
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