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( 7 1 ) W e , ROHM AND HAAS COMPANY, 
a corporation organized under the laws of 
the State of Delaware, United States of 
America, of Independence Mall West, 

5 Philadelphia, Pennsylvania 19105, United 
States of America, do hereby declare the 
invention for which we pray that a patent 
may be granted to us, and the method by 
which itis to be performed to be par-

10 ticularly described in and by the following 
statement: — 

This invention is concerned with testing 
apparatus particularly the type which 
measures gamma activity by automated 

15 scintillation counting. 
Automated analytical equipment may be 

used to measure a large number of samples 
efficiently and rapidly. However, such 
equipment is often bulky and it is desir-

20 able that it be as compact as possible. 
But minimising the size of the equipment 
can lead to reduced efficiency and increased 
cost. 

One method of analysis, in the detection 
25 and measurement of radioactivity, com-

monly uses scintillation counters. The 
equipment for scintillation counting is 
commercially available and is capable of 
unusual precision and accuracy. 

30 An area in which scintillation counting 
is. of great significance is radioimmuno-
assay. Radioimmunoassay is analytical 
technique which depends upon the com-
petition between labeled and unlabeled 

35 antigen for antigen-binding sites on anti-
body molecules. In practice, standard 
curves are constructed from work on a 
plurality of samples, each containing (a) 
the same known concentration of antigen 

40 labeled with a radioactive isotope tracer, 
and (b) various, but known, concentrations 
of unlabeled antigen. The mixture is in-
cubated in contact with an antibody, the 
free antigen is separated from the antibody 

45 and antigen bound thereto, and then, by 
use of a suitable detector, such as a gamma 
radiation detector, the percent of either 
the bound or free labeled antigent is deter-
mined. This procedure is repeated for a 

50 number of samples containing various 

known concentration of unlabeled antigens 
and the results plotted. The percent of 
bound tracer antigens is plotted as a 
function of the antigent concentration. 
Typically, as the total antigen concentra- 55 
tion increases, the relative amount of the 
tracer antigen bound to the antibody de-
creases. After the standard graph is pre-
pared, it is used to determine the concen-
tration of antigen in samples undergoing 60 
analysis. 

In actual analysis, the sample in which 
the concentration of antigen is to be de-
termined is mixed with the known amount 
of tracer antigen. Tracer antigen is pre- 65 
pared by labeling the antigen, or suitable 
derivative thereof, with suitable radio-
active isotope. The sample with tracer is 
then incubated in contact with the anti-
body. Thereafter it may be counted in a 70 
suitable detector which counts the free 
antigen remaining in the sample. The anti-
gen bound to the antibody or immuno-
adsorbent may also be similarly counted. 
Then, from the standard curve, the con- 75 
centration of antigen in the original sample 
is determined. Afterwards, the antibody or 
immunoadsorbent mass is discarded. 

We have now discovered a testing appa-
ratus which may be compact while main- 80 
taining a high level of efficiency and 
rapidity of measurement. The testing 
apparatus may be in the form of a gamma 
counter apparatus which can form part of 
an automated device which is capable of 85 
continuous automated throughput of a 
large number of samples in a relatively 
small space, with a direct sequential read-
out of the scintillation counting results. 
Under laboratory conditions, the large 90 
number of samples are usually arranged 
for counting in a very precise order. 

According to the invention there is pro-
vided apparatus for testing samples in 
sample carriers and comprising at least one 95 
pair of sample receiving zones where the 
samples are to be tested, means for incre-
mentally advancing carriers into alignment 
with and past the zones and means for dis-
placing aligned carriers into the zones, such 100 
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that, in use, the apparatus accepts sample 
carriers accommodated in carrier spaces in 
one or more holders, the spaces being 
equally separated in one or more files, each 

5 file containing an even number of spaces of 
at least four, the separation of the receiving 
zones in each pair corresponding to the 
distance between a first and fourth carrier 
space in a file and each incremental ad-

10 vance, when a holder is in the apparatus, 
moving the holder by two carrier spaces. 

The gamma activity counter apparatus 
of the present invention comprises a scin-
tillator counter comprising two photo-

15 multiplier tube assemblies, each assembly 
having a scintillator crystal having a sample 
receiving zone extending vertically there-
through and a photomultiplier tube, the 
tube being in light-transmissive relation 

20 with the scintillator crystal and each crystal 
being in gamma-transmissive relation with 
the sample receiving zone therein; a lead 
radiation shield encasing said photomulti-
plier tube assemblies, said assemblies being 

25 removably contained within said shield and 
being so positioned therein that each 
assembly abuts upon the other, and having 
bores extending upwardly through the 
radiation shield in alignment with, and 

30 communicating with the sample receiving 
zones; means for lifting into said sample 
receiving zones a pair of sample carriers 
from a carrier holder disposed directly be-
neath and an alignment with said sample 

35 receiving zones and for lowering the pair 
of sample carriers; and means for incre-
mentally and continually advancing said 
holders into position beneath and in align-
ment with said sample receiving zones, such 

40 that each incremental advance moves the 
holder the distance of two sample carrier 
spaces, where for each counting period, for 
any series of an even number of sample 
carriers, the first and the last in the series 

45 are lifted into said scintillator counter for 
simultaneous gamma activity counting. 

The various advantages and features of 
the present invention can be more fully 
understood from a consideration of the de-

50 tailed description which follows, taken to-
gether with the accompanying drawings 
wherein one embodiment of the invention 
is illustrated by way of example, in which: 

Fig. 1 is a cross-sectional side elevation 
55 view of the complete apparatus; 

Fig. 2 is a sectional view of the apparatus 
shown in Fig. 1 taken along line 2-2 in 
Fig. 1; 

Fig. 3 is a diagram showing total overall 
60 relationships in the apparatus. 

Referring now to the drawings in Fig. 
2, the scintillator counter consists of two 
photomultiplier tube assemblies, each 
assembly including a scintillation crystal 

65 assembly 10 and 11 which contains within 

a metallic housing 12 and 13 a cylindrical 
scintillator crystal 14 and 15, a terminal 
light-transmissive window 16 and 17 and 
a central bore 18 and 19, extending vertic-
ally through the scintillator crystal, said 70 
bore defining the sample receiving zone. 
Each sample receiving zone is further fitted 
with a metallic sleeve 20 and 21. A photo-
multiplier tube 22 and 23, having a frusto-
conical portion 24 and 25, with its broad 75 
portion 26 and 27, facing toward the 
scintillator crystal 24 and 25, the narrower 
face of the frusto-conical portion facing 
away from the crystal. In operation, pene-
trating radiation from a sample 28 in the 80 
counter, as shown in Fig. 1, penetrates the 
metallic sleeve and interacts with the 
material in the scintillator crystal 14, 
where it is converted to light flashes which 
are detected by the photomultiplier tube 85 
22. 

The two photomultiplier tube assemblies 
are removably contained within radiation 
shield 29, which may comprise any number 
of individual components capable of hous- 90 
ing the tube assemblies. The shield, ideally, 
excludes all external radiation, so that the 
photomultiplier tube will respond only to 
light scintillations produced by interaction 
of radiation from the sample with a scin- 95 
tillator material present in the sample re-
ceiving zone, the metallic housing 12 and 
13 preventing "cross-talk", i.e. the situa-
tion in which the radiation from a sample 
in one photomultiplier tube assembly is 100 
also counted in the other. In order to 
permit sample carriers, such as, for ex-
ample, open-ended test tubes, to be loaded 
into the sample receiving zones, it is neces-
sary to have bores 30 and 31 which extend 105 
upward through the shield 29, these bores 
being in alignment with and communicat-
ing with the sample receiving zones 18 
and 19. Various segmented radiation 
shields are known in the prior art, and 110 
many improvements have been made there-
to. An assemblable shield which offers no 
straight-line access for external radiation to 
enter the sample receiving zones or other 
radiation-responsive areas when assembled 115 
is ideally suited to the present counter appa-
ratus. 

In order to facilitate entry of the sample 
carriers through the radiation shield and 
into the sample receiving zones, the radia- 120 
tion shield bore openings are countersunk 
to give the openings a flare 32. Likewise, 
to prevent sample carriers from hanging up 
in the sample zones and to aid in their ex-
pulsion, each sample receiving zone is pro- 125 
vided with the rods shown in Fig. 1. Holes 
33 and 34 are formed in the radiation 
shield, in alignment with the sample re-
ceiving zones 18 and 19. Rods 35 and 36 
of suitable length extend through these 130 
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holes, each rod having a stop 37 and 38 distance of two sample carrier spaces brings 
attached to the end of that portion of the a new pair of sample carriers into align-
rod extending through the radiation shield, ment with the sample receiving zones. 
While a stop attached to the rod end is This shifting and counting is carried 

5 preferred, any other means of retaining out automatically and continually so that a 70 
the rod in the sample receiving zones can large number of samples can be counted, 
be used, such as, for example, a retainer giving rise to an extremely efficient, accu-
pin fitted through the portion of the rod rate and very sizable throughput of samples 
projecting beyond the shield, a retainer in a short period of time. 

10 collar machined on the projecting rod A significant feature of the present in- 75 
portion, and the like. A sample carrier vention is the spacing of the sample re-
lifted into the. sample receiving zone pushes ceiving zones in the gamma counter. The 
the movable rod vertically up within the purpose of two independent crystals with 
zone, while when the sample carrier is photomultiplier tubes is to allow two dif-

15 being lowered out of the zone, the rod ferent samples to be counted simultane- 80 
exerts a force down on the carrier, helping ously. The crystals are designed so as to 
to expel it from the zone, the stop limiting have a minimum of space between the 
the downward motion of the rod within sample receiving zones when the crystals 
the sample receiving zone. While the rod are abutted upon each other during 

20 arrangement is preferred, any other means assembly of the gamma counter. If ad- 85 
may be employed to help expel carriers jacent sample carriers in a holder were 
from the sample receiving zones. to be counted simultaneously, the length 

The scintillation counter, comprising the of the sample holder containing, for ex-
photomultiplier tube assemblies and radia- ample, ten sample carriers would be ten 

25 tion shield, rests upon blocks 39 which are times the space between the center lines of 90 
fixed to platform 40, which also forms the the two sample receiving zones. By count-
base for the sample carrier holder trans- ing test tubes separated by an even number 
porta tion system. In order for the gamma of sample carrier spaces, the length of the 
activity counter apparatus to function holder can be significantly reduced. Thus, 

30 automatically, there must be provided a in the ten sample carrier holder, the 95 
means for automatically and continually length of the holder can be reduced to 
transporting sample carriers in their holders three and one-third times the spacing be-
to and frOm the counter apparatus, as tween the center lines of the sample re-
well as a means for lifting sample carriers ceiving zones by the simultaneous counting Ĵ Q 

35 into and lowering them out of the gamma of the first and fourth sample carriers in a 
counter. A preferred transportation system series of four carriers contained in the 
is a " railway" system which may com- holder. In this apparatus, holders of any 
prise a main linear guide rail along which capacity can be employed as long as the 
a holder having a row of sample carriers number of sample carrier spaces is even. 

40 supported therein is adapted to be moved When the holders are continually shifted 
longitudinally stepwise to transport the by the increment of two sample carrier 
carriers in the holders in sequence to a spaces per shift, and counted as outlined 
given station or point of operation. The immediately above, the counting is carried 
holder is provided with a guide structure out automatically, continually, efficiently, 

45 along its base by which the holder may with a high throughput in a minimum of 
be moved longitudinally along the track space. Lifting and lowering of the sample 
or rail. Means is also provided for moving carriers is preferably effectuated by the 
the holder along the main rail. In Figs. 1 mechanism shown in Figs. 1 and 2; how-
and 2, 41 is a section of such a railway ever, any other means which will perform 

50 system which is attached to platform 40 these operations is within the scope of the 115 
and runs beneath the gamma counter, in invention. 
alignment with the bores of the shield and w The preferred lifting/lowering mechanism 
the sample receiving zones. A sample is shown in Figs. 1 and 2. Once a pair of 
carrier holder 42 cooperatively carried on sample carriers is disposed beneath the 

55 the railway is incrementally shifted by the sample _ receiving zones, they are ready 120 
distance of an even number of sample to be lifted into the gamma counter for 
carrier spaces per shift, so that sample activity counting. Holder 42, for example, 
carriers contained therein are brought be- can have openings 43 in its base, the open-
neath and in alignment with the sample ings not being sufficiently large as to allow 

60 receiving zones in the gamma counter, the sample carriers 28 to pass through, yet 125 
As will be discussed hereinafter, a pair large enough to allow " fingers " or rods 44 
of sample carriers is lifted into the gamma to_ pass through them. The incremental 
counter, the gamma activity counted, and shifting of the holders is controlled by a 
the samples then lowered back into the logic means which is programmed , in such 

65 holder, after which the next shift by the a manner that for every incremental shift 130 
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of two sample carrier spaces of the holder, 
drive motor 45 is activated. Drive motor 
45 has a shaft 46 which carries a flange 47 
to which is attached arm 48 with an offset 

5 49 at one end, while the other end is linked 
to pin 50, which is fixedly carried by a 
plate 51. The latter fixedly carries another 
pin 52 which is linked to carrier frame 
53, this frame being slidingly mounted on 

10 frame rod member 54 and fixedly carrying 
fingers 44. Two switches 55 and 56 are 
attached to platform 57 and are so posi-
tioned as to be trippable by one end of 
arm 48 and the offset 49 thereof, respec-

15 tively. Fingers 44 pass through openings 
created in platform 40 and railway section 
41. Thus, when drive motor 45 is activated, 
the arm and linkage arrangement is set 
in motion, this motion in turn causing 

20 carrier frame 53 to be moved in an up-
ward direction, thereby also lifting fingers 
44 through the openings in platform 40 and 
railway section 41. The fingers 44 also pass 
through openings 43 in the holder 42, these 

25 openings being in alignment with those 
in the platform 40 and railway 41, to con-
tact the bases of a pair of sample carriers 
28 and lift them into the sample receiving 
zones. As the fingers 44 reach their limit of 

30 upward motion, offset 49 of arm 48 trips 
switch 56. 

The tripping of switch 56 deactivates 
drive motor 45, leaving fingers 44 support-
ing the pair of sample carriers in the 

35 sample receiving zones. Drive motor 45 is 
on a timed delay circuit, whereby after a 
predetermined period of gamma activity 
counting time, the motor is reactivated and 
the lifting mechanism completes its cycle 

40 of operation, fingers 44 and carrier frame 
53 being vertically returned down to their 
initial position, bringing the pair of sample 
carriers back into their initial position in 
sample carrier holder 42. As the cycle of 

45 operation nears its completion, arm 48 trips 
switch 55, thereby deactivating drive motor 
45 and simulaneously reactivating the logic 
means so as to transport the next pair of 
sample carriers into position beneath the 

50 gamma counter. 
Since for every series of an even number 

of sample carriers, the first and last sample 
carriers are counted, the carriers are not 
counted in the order in which they are 

55 arranged in the holder. Thus, for example, 
with a holder having ten sample carriers, 
and using the shift of two carrier spaces 
for a series of four carriers per series, the 
first incremental shift brings only the 

60 second carrier into position beneath only 
one of the fingers. This carrier is lifted, 
counted and lowered back into the holder. 
The next shift brings carriers four and 
one into position. After they are counted, 

65 the next shift brings carriers six and three 

into position. The next two shifts cause the 
counting of carriers eight and five, and ten 
and seven. Since only one holder of ten 
carriers is being described, the last shift 
brings only carrier nine into position. The 70 
sequence of counting for these ten carriers 
then is as follows: 2/0, 4/1, 6/3, 8/5, 10/7 
and 0/9. If a second holder of ten carriers 
follows directly on the first, then the last 
shift would bring carrier nine of the first 75 
holder and carrier two of the second holder 
into position. Thus, by having holders fol-
lowing immediately upon each other, any 
number of sample carriers can be counted 
automatically and continually. Since 80 
samples are generally arranged in a given 
sequence or order, it is necessary to have 
the final readout of results in that sequence 
or order. In Fig. 3, the data collected by 
the out-of-order counting of the carriers in 85 
the counter 58 forms the input to a logic 
means 59. The latter, which can be any 
device having memory storage and selective 
retrieval of information from storage, re-
orders the data counted out of order back 90 
to the original order of the carriers in their 
holder. The output of logic means 59 forms 
the input to data printing means 60. The 
total sequence then is that of out of order 
counting in the gamma counter, the output 95 
from the latter being, for example, elec-
tronic signals received by the logic means, 
wherein the data is reordered and the out-
put of the logic means being electronic 
signals which are received by the data print- 100 
ing means and converted to a printed read-
out. Data counted in the sequence 2/0, 
4/1, 6/3, 8/5, 10/7 and 0/9, for example, 
is then printed as readout in the sequence 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 105 

Thus, a gamma activity counting appara-
tus has been provided which does the auto-
matic and continuous counting of large 
numbers of samples rapidly and efficiently 
by the simultaneous counting of two 110 
samples. By means of sequential ordering 
of non-sequential counting data, it is pos-
sible to obtian precisely ordered data while 
utilizing sample carrier holders having a 
minimum length. 115 

WHAT WE CLAIM IS: — 
1. Apparatus for testing samples in 

sample carriers and comprising at least one 
pair of sample receiving zones where the 
samples are to be tested, means for incre- 120 
mentally advancing carriers into alignment 
with and past the zones and means for dis-
placing aligned carriers into the zones, 
such that, in use, the apparatus accepts 
sample carriers accommodated in carrier 125 
spaces in one or more holders, the spaces 
being equally separated in one or more 
files, each file containing an even number 
of spaces of at least four, the separation of 
the receiving zones in each pair corre- 130 
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sponding to the distance between a first and 
fourth carrier space in a fine and each in-
cremental advance, when a holder is in the 
apparatus, moving the holder by two car-

5 rier spaces. 
2. Apparatus as claimed in Claim 1 in 

the form of a gamma activity counter appa-
ratus for use in automated radioimmuno-
assay systems which comprises: 

10 a scintillator counter comprising two 
photomultiplier tube assemblies, each 
assembly having a scintillator crysal having 
one of said sample receiving zones extend-
ing vertically therethrough and a photo-

15 multiplier tube, the tube being in light-
transmissive relation with the scintillator 
crystal and each crystal being in gamma-
transmissive relation with the sample re-
ceiving zone therein; a lead radiation shield 

20 encasing said photomultiplier tube assem-
blies, said assemblies being removably con-
tained within said shield and being so posi-
tioned therein that each assembly abuts 
upon the other, and having bores extending 

25 upwardly through the radiation shield in 
alignment with, and communicating with 
the sample receiving zones; 

means for lifting into said sample 
receiving zones a pair of said sample car-

30 riers from a carrier holder disposed directly 
beneath and an alignment with said sample 
receiving zones and for lowering the pair 
of sample carriers; and 

means for incrementally and continually 
35 advancing said carriers into position be-

neath and in alignment with said sample 
receiving zones, such that each incremental 
advance moves the holder the distance of 
two sample carrier spaces, where, for any 

40 series of an even number of sample car-
riers, the first and the last in the series are 

lifted into said scintillator counter for 
simultaneous gamma activity counting. 

3. Apparatus as claimed in Claim 2 
wherein the scintillator counter further 45 
comprises means for aiding expulsion of 
sample carriers from within said sample 
receiving zones during unloading. 

4. Apparatus as claimed in Claim 3 
where the means for aiding expulsion of 50 
sample carriers from said sample receiving 
zones comprises vertically movable rods 
within each sample receiving zone, said 
rods extending through the radiation 
shield, and having means for limiting the 55 
downward motion of said rods within said 
sample receiving zones. 

5. Apparatus as claimed in any preced-
ing claim further comprising logic means 
for receiving, in the form of electronic 60 
signals, gamma activity data of sample car-
riers counted out of the consecutive order 
in which they are arranged in a file in a 
holder, and reordering said data to the 
order of arrangement, and data printing 65 
means for receiving, in the form of elec-
tronic signals, the reordered gamma activity 
data from the logic means and converting 
said electronic signals into a printed read-
out. 70 

6. Apparatus as claimed in any preceding 
claim substantially as described in any of 

the accompanying drawings. 
For the Applicants: 
D. W. ANGELL, 

Chartered Patent Agent, 
Rohm and Hass Company, 

European Operations, 
Chesterfield House, 

Barter Street, 
London, WC1A 2TP. 
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