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(54) A METHOD OF AND APPARATUS FOR, MONITORING THE RADIO-
ACTIVITY OF A PLURALITY OF SAMPLES INCORPORATING LOWER 

ENERGY BETA - EMITTING ISOTOPES 

(71) We, G E R A L D TRUSCOTT 
WARNER, of Staverton, Pullen's Field, 
H e a d i n g t o n , Oxford , and COLIN 
GERALD POTTER, of Ivy Cottage, Low-

5 er End, Leafieid, Oxfordshire, both of 
British nationality, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particular-

10 ly described in and by the following state-
ment:-

This invention relates to a method of, and 
apparatus for, monitoring the radioactivity 
of a plurality of samples incorporates low 

15 energy beta-emitting isotopes. 
Many biological experiments involve the 

study of the incorporation of low energy 
beta-emitting radioactive chemicals into 
acid-precipitable material, for example the 

20 incorporation of radioactive thymidine into 
the DNA of lymphocytes. Some experi-
ments involve the analysis of several hun-
dred different test combinations, each per-
formed in quadruplicate. Because of the 

25 length of time required to precipitate each 
of the cell cultures separately after incuba-
tion and the variability introduced by per-
forming multiple manipulations of each 
culture, it is advantageous to utilize an 

30 apparatus which allows simultaneous pre-
cipitation of many samples with a minimum 
of sample handling. An example of such an 
apparatus is a cell harvester known under 
the Trade Mark "Titertek". This harvester 

35 is designed to harvest 12 microcultures at a 
time by means of 12 pairs of small tubes 
spaced to line up with a row of 12 wells in a 
96-well microtitration plate. The microcul-
tures are automatically precipitated on a 

40 glassfibrc filter mat in the form of a 8 by 12 
matrix configuration of small, regularly 
shaped areas of precipitate approximately 1 
cm in diameter when all 96 microcultures 
have been harvested. If the microcultures 

45 are labelled with low-energy beta-emitting 

isotopes, the labelled cells are thus.sepa-
rated from the unincorporated isotope. The 
areas of precipitate typically occupy an area 
of 25 cm X 8 cm. 

It is known to monitor the radioactivity of 50 
the separate areas of precipitate as follows. 
Each of the 96 areas of precipitate are first 
separated, for example by punching out 
areas of the filter mat, and each portion of 
filter mat containing a respective area of 55 
precipitate is placed in a separate vial 
together with scintillation fluid. A liquid 
scintillation counter is then employed to 
assess the radioactivity of the area of pre-
cipitate in each vial. Such a process is of 60 
course extremely time consuming, especial-
ly if a large number of samples are to be 
processed. Furthermore, it is of course 
important that it should be known from 
which position on the mat each area of 65 
precipitate in each vial has been taken. 
Failure to label the vials correctly can lead 
to muddling of the samples. 

According to the present invention, there 
is provided a method of monitoring the 70 
radioactivity of a plurality of samples incor-
porating low energy beta-emitting isotopes, 
which method comprises: 

a) depositing the samples on a support 
layer so that each sample occupies a respec- 75 
tive area on the support layer which does 
not overlap the other sample areas; 

b) permeating the support layer and the 
deposited samples with liquid or gel scintil-
lant: and 80 

c) scanning the sample areas on the 
support layer with at least one photodetec-
tor so as to provide a plurality of output 
signals, each of which corresponds to at 
least a proportion of the light emissions 85 
activated within the scintillant by radioactiv-
ity emitted by a respective one of the sample 
areas. 

For a better understanding of the present 
invention, and to show more clearly how the 90 
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same may be carried into effect, reference 
will now be made, by way of example, to the 
accompanying drawing, in which: 

Figure 1 is a synoptic perspective view of 
5 apparatus used for carrying out an embodi-

ment of the method of the present inven-
tion; and 

Figure 2 is a side view of apparatus used 
for carrying out another embodiment of the 

10 method of the present invention. 
The apparatus of Figure 1 comprises 

support means in the form of a container 1 
and a photodetector 2. The container 1 is 
adapted to contain a support layer in the 

15 form of a filter mat 10 (indicated by broken 
lines in the figures) of paper or fibreglass or 
a gel, on a surface region of which discrete 
areas 5 of low energy beta-emitting radioac-
tive material, for example low-energy beta-

20 labelled cell cultures, have been precipi-
tated in the course of a filtering process. The 
support layer may also be a medium on 
which a continuous band of low energy 
beta-emitting radioactive material of 

25 varying radioactive content has been pro-
duced by chromatography or electrophore-
sis. The container 1 also contains a liquid or 
gel scintillant 11 in which scintillations may 
be induced by radioactivity emitted by the 

30 radioactive material, the scintillant per-
meating the support layer and the areas 5. 
The container 1 may be made of plastics 
material or glass and should be resistant to 
the scintillant and transparent to scintilla-

35 tions therefrom. The container 1 should be 
so dimensioned as to accommodate the full 
length and breadth of the filter mat 10, and 
has a depth of, for example, 0.05 cm to 5 
cm. 

40 The photodetector 2 comprises a photo-
multiplier tube 3 and optionally also a light 
guide 4 for directing the light of scintilla-
tions from the container 1 to the photomul-
tiplier tube 3. The apparatus further com-

45 prises scanning means in the form of a rack 
and pinion system 16 for displacing the 
container I in the direction of the double-
headed arrow 6 and a rack and pinion 
system 17 for displacing the container 1 in 

50 the direction of the double-headed arrow 7. 
In use of the apparatus, a filter mat 10 

comprising, for example, 96 small, discrete 
regularly spaced areas of radioactive mate-
rial in an 8 by 12 matrix configuration is 

55 placed directly in the container 1 and the 
liquid or gel scintillant is added, to permeate 
the ratio and the areas of radioactivity 
material. The.container 1 is then positioned 
with respect to the photodetector 2 such that 

60 an area of radioactive material at one of the 
four corners of the matrix configuration is 
disposed immediately below the light guide 
4. and a proportion of the light emissions 
from the scintillant activated bv the radioac-

65 tivitv emitted bv this area over a finite 

interval of time is counted by the phototec-
tor 2. An output proportional to the 
radioactivity of this area is then produced. 
The container 1 is then displaced using one 
of the systems. 16 and 17 until an adjacent 70 
area of radioactive material is directly below 
the light guide 4. A proportion of the light 
emissions activated by this area is then 
counted over a further finite interval of time 
and a further output is produced. Further 75 
stepwise displacement of the container 1 
and counting of the light emissions activated 
by a respective area of radioactive material 
takes place until the radioactivity emitted by 
each of the 96 areas of radioactive'material 80 
has been monitored. Thus the photodetec-
tor 2 emits 96 output signals in succession, 
each output signal being proportional to the 
radioactive content of a respective one of 
the 96 areas of radioactive material. The 85 
areas of radioactive material may be scan-
ned in any sequence.For example, the areas 
may be scanned in rows, adjacent rows 
being scanned in opposite directions. 
However the particular sequence of scan- 90 
ning chosen will depend upon the distribu-
tion of the areas of radioactive material. 

In the apparatus of Figure 2, the photode-
tector 2 comprises two photomultiplier 
tubes 3 disposed one on either side of the 95 
container 1 containing the filter mat 10. This 
apparatus operates in the same way as the 
apparatus of Figure 1, although the provi-
sion of two photomultiplier tubes 3 enables 
a system of coincidence detection to be 100 
utilized. 

In the case of both Figure 1 and Figure 2, 
the input area of the or each photomultiplier 
tube 3, or. the input area of the light guide 4 
should correspond to a single area of 105 
radioactive material on the mat 10. 

It is also possible for the photodetector 2 
to be replaced by a multidetector configura-
tion capable of monitoring two or more 
areas of radioactive material simultaneous- 110 
ly. It is also possible for the scanning means 
to comprise means for moving the photode-
tector 2 in the direction shown by the 
double-headed arrows 8 and 9 in broken 
lines in Figure 1, whilst the container 1 is 115 
held rigid. Movement of the container 10 or 
the photodetector 2 may be controlled by a 
pre-programmed automated system or may 
be manually controlled. It is possible that 
electronic scanning could be utilized in place 120 
of mechanical scanning. Provided that the 
background count remains at an acceptably 
low level and assuming that the radioactive 
material is adequately boned to the filter 
mat. the liquid or gel scintillant can be 125 
reused after each monitoring process with-
out imparing the efficicncy of subsequent 
monitoring processes. It is envisaged that a 
tank mav be provided for recvclinti scintil-
lant. ' ' 130 
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The container 1 and the counting head 
may be provided as an integral unit in the 
apparatus or the container may be separate-
ly loadable in the apparatus for positioning 

5 in relation to the photodetector 2. The 
container 1 may be moved mechanically into 
and out of the position in which it is 
intended to be monitored either under 
manual or automatic control. 

10 In the embodiment described with refer-
ence to Figure 1, the mat 10 may be placed 
within the container 1 with its surface region 
containing the areas 5 of radioactive mate-
rial directed either towards or away from 

15 the photodetector 2. 
It is also possible for the input area of the 

photomultiplier tube or light guide to be 
smaller than the areas of radioactive mate-
rial so that the detector merely "samples" 

20 these areas. It would also be possible for the 
input area of the photomultiplier tube or 
light guide to be of sufficient size that two or 
more of the areas of radioactive material 
may be monitored simultaneously. 

25 In the case of the apparatus being utilized 
to monitor the radioactivity of a band of 
beta-emitting material such as may be pro-
duced by chromatography or electrophore-
sis, it is envisaged that the scanning means 

30 will be adapted to provide stepwise relative 
displacement between the support layer and 
the photodetector so that selected areas of 
radioactive material equally spaced apart 
along the band are sampled by the photode-

35 tector, each over a finite interval of time. 
However, if the radioactive content of the 
material is sufficiently high, it may be 
possible continuously to scan the band of 
material. 

40 Scintillation counting is a more accurate 
method of monitoring radioactivity than 
many other counting methods. 

WHAT WE CLAIM IS: 
1. A method of monitoring the radioac-

45 tivity of a plurality of samples incorporating 
low-energy beta-emitting isotopes, which 
method comprises: 

a) depositing the samples on a support 
layer so that each sample occupies a respec-

50 tive area on the support layer which does 
not overlap the other sample areas: 

b) permeating the support layer and the 
deposited samples with liquid or gel scintil-
lant; and 

55 c) scanning the sample areas on the 
support layer with at least one photodetec-
tor so as to provide a plurality of output 
signals, each of which corresponds to at 
least a proportion of the light emissions 

60 activated .within the scintillant bv radioactiv-
ity emitted by a respective one of the sample 
areas. 

2. A method according to claim I. 
wherein, during scanning, the support layer 

65 is d i s p o s e d within a c o n t a i n e r which con-

tains the liquid or gel scintillant. 
3. A method according to claim 1 or 2, 

wherein the samples areas are a plurality of 
small, discrete regularly shaped areas of cell 
culture material. 70 

4. A method according to claim 3, 
wherein the support layer is a filter mat. 

5. A method according to claim 3 or 4, 
wherein there are between 10 and 500 areas 
of cell culture material equally spaced apart 75 
on the support layer. 

6. A method according to claim 5, 
wherein there are 96 areas of cell culture 
material disposed in a regular 8 by 12 matrix 
configuration on the support layer. 80 

7. A method according to claim 1 or 2, 
wherein the sample areas are areas of 
radioactive material obtained by chroma-
tography or electrophoresis. 

8. A method of monitoring the radioac- 85 
tivity of a plurality of samples incorporating 
beta-emitting isotopes, which method is 
substantially as hereinbefore described with 
reference to Figure 1 or Figure 2 of the 
accompanying drawing. 90 
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