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1. Ananalysis apparatus comprising:

a fluid conduit;

means for forming a plurality of fluid capsules in the conduit for flow therethrough
wherein each fluid capsule comprises a plurality of discrete isolated segments including
at least one of each of a wash segment, a reagent segment, a sample segment and a
segment of suspended magnetic particles, said means comprising means for forming a
film of isolating liquid on an inner surface of the conduit and means for randomly
aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes
and a magnetic particle suspension o form each segment in any order;

means for reversibly directing a flow of the fiuid capsules in two longitudinal
directions of the conduit;

magnetic means disposed along the conduit for selectively retaining the suspended
magnetic particles from one segment in one capsule in place at a location adjacent to the
magnetic means for placement into suspension in another segment in said one capsule
during the flow of the one capsule through the conduit; and

means disposed along the conduit for measuring the fluid capsules therein.
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CAPSULE CHEMISTRY
SAMPLE LIQUID ANALYSIS SYSTEM AND METHOD
BACKGROUND OF THE INVENTION

1. Field of the Invention.

This invention relates to a capsule chemistry sample liquid analysis system and

method which, although suitable for application to a wide variety of analyses on a wide
variety of sample liquids, are particularly adapted to the automated clinical analyses in
turn of pluralities of human biological sample liquids.

A large number of ligand binding assays, such as immunoassays and DNA probe
assays, are carried out on a solid phase. This allows separation of the target analyte
species from interfering species, reduction in background signal and measurements of
analytes in physiological specimens at very low concentration levels.

In automated instruments, magnetic particles are the most desirable solid phase.
However, these automated instruments tend to be more complex because of the
additional mechanisms required for the washing and separation of the magnetic particles.

SUMMARY OF THE INVENTION

The main object of the present invention is to provide for the washing and

separation of the magnetic particles in an automated instrument.

Another object of the present invention is to provide a simple structure for an
automated instrument for magnetic particle-based assays which has built-in wash cycles
which require no additional mechanisms and hardware.

In a first aspect, the present invention provides an analysis apparatus comprising:

a fluid conduit;

means for forming a plurality of fluid capsules in the conduit for flow therethrough
wherein each fluid capsule comprises a plurality of discrete isolated segments including
at least one of each of a wash segment, a reagent segment, a sample segment and a
segment of suspended magnetic particles, said means comprising means for forming a
film of isolating liquid on an inner surface of the conduit and means for randomly
aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes

and a magnetic particle suspension to form each segment in any order;




10

15

20

30

-2-

means for reversibly directing a flow of the fluid capsules in two longitudinal

directions of the conduit;
magnetic means disposed along the conduit for selectively retaining the suspended

magnetic particles from one segment in one capsule in place at a location adjacent to the
magnetic means for placement into suspension in another segment in said one capsule
during the flow of the one capsule through the conduit; and

means disposed along the conduit for measuring the fluid capsules therein.

In a second aspect, the present invention provides an analysis method comprising
the steps of:

forming a plurality of fluid capsules in a fluid conduit for flow therethrough
wherein each fluid capsule comprises a plurality of discrete isolated segments including

at least one of each of a wash segment, a reagent segment, a sample segment and a

segment of suspended magnetic particles;
forming a film of isolating liquid on an inner surface of the conduit and randomly

aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes
and a magnetic particle suspension to form isolated segments from said plurality of

liquids in each segment in any order;
reversibly directing a flow of the liquid capsules in two longitudinal directions of

the conduit;
selectively magnetically retaining the suspended magnetic particles from one
segment in one capsule in place at a given location for placement of the magnetic

particles into suspension in another segment in said one capsule during the flow of the

one capsule through the conduit; and

measuring the fluid capsules in the conduit.
In a third aspect, the present invention provides an analysis method comprising the

steps of:
a)

capsule comprises a plurality of discrete segments isolated by isolating liquid

forming at least one fluid capsule in a fluid conduit, wherein each fluid

therearound and including at least one wash segment, at least one reagent segment, at

least one sample segment and one segment of suspended magnetic particles;
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b) directing a flow of the at least one fluid capsule in a forward longitudinal

direction of the fluid conduit to position a segment with suspended magnetic particles at

firsi magnetic means;
retaining the magnetic particles at the first magnetic means against a wall

c)
of the conduit with the isolating liquid therebetween;
d) moving the at least one capsule in the forward longitudinal direction,

while the magnetic particles are retained, to position a sample segment at the first

magnetic means;
e) dispersing the retained magnetic particles in the sample segment;

f) moving the at least one capsule in the forward longitudinal direction to

position the sample segment at second magnetic means;

g) retaining the magnetic particles at the second magnetic means against the

wall of the conduit with the isolating liquid therebetween;
h) moving the at least one capsule in the forward longitudinal direction,

while the magnetic particles are retained, to position a wash segment at the second

magnetic means;
1) dispersing the retained magnetic particles in the wash segment;

1)

reverse direction to position the wash segment at the second magnetic means;

moving the at least one capsule in the forward direction and then in a

k) repeating steps g)-j) for each subsequent was segment in the at least one

capsule.

DESCRIPTION OF THE DRAWINGS
The above and other significant objects and advantages of the sample liquid

analysis system and methe.l of our invention are believed made clear by the following

detailed description thereof taken in conjunction with the accompanying drawings,

wherein:
FIG. 1 is an essentially schematic diagram illustrating a first embodiment of a
reversible direction sample liquid analysis system representatively configured and

operable in accordance with the currently contemplated best mode of our invention,
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FIGS. 2A and 2R are respectively somewhat simplified schematic diagrams
illustrating the tw/o operational conditions of the sample liquid test package transfer

means of the system of FIG. 1;
FIG. 3 is a block diagram illustrating the control and synchronisation of the

electrically operated drive and detection components of the system of FIG. 1;

FIG. 4 is a timing diagram illustrating the operations of the sample liquid test
package transfer means, and the sample liquid test package metering and supply means,
respectively, of the system of FIG. 1 as drawn to the same time scale;

FIGS. 5,6,7,8,9,10, 11, 12 and 13 are respectively schematic system diagrams
in the nature of FIG. I illustrating the operational configurations of the system
components at various sequential stages in the initialisation of the system and formation

of the sample liquid test package stream;
FIGS. 14, 15 and 16 are respectively somewhat simplified schematic diagrams of

the system of FIG. 1 illustrating the operational configurations of the basic
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system components at various later sequential stages in the
formation of the sample liquids test package stream, and in
the reaction and analysis of the discrete sample liquids as
respectively contained therein;

FIG. 17 is an essentially cross-sectional view taken
through the sample liguids test package reaction and analysis
means of the system of FIG. 1, and illustrates the merger of
respective sample and reagent liquid segments therein upon the
initial flow of each of the sample liquid test packages

therethrough;
FIG. 18 is a cross-sectional view in the nature of

FIG. 17, and illustrates the configuration of a sample liquid
test package following flow of same through the sample liquids
test package reaction and analysis means as depicted therein;

FIG. 19 is a view in the nature of FIGS. 14, 15 and
16 illustrating the operational configurations of the basic
system components at a later sequential stage in the reaction
and analysis of the sample liquids in the test package stream
within the systemn;

FIG. 20 is an essentially cross-sectional view taken
through the sample liquids test package reaction and analysis
means of +the system of FIG. 1, and illustrates the
configuration of a buffer liquid "test" package as is formed
and utilized in the system to enable the same to complete
sample liquids reaction and analysis on all available sample
liquids; .

FIG. 21 is a view in the nature of FIGS. 14, 15 and
16 illustrating the operational configurations of the basic
system components attendant the use of the buffer liquid
"test" packages of FIG. 20 for completion of the sample
liquids reactions and analyses on all available sample
liquids;

FIGS. 22, 23, 24, 25 and 26 are respectively
somewhat simplified schematic diagrams illustrating different
operational configqurations of a second enbodiment of a
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reversible direction sample 1liquids analysis system
representatively configured and operable in accordance with
the currently contemplated best mode of our invention;

FIGS. 27 and 29 are respectively somewhat simplified
schematic diagrams illustrating different operational
configurations of a third embodiment of the reversible
direction sample 1liquids analysis system representatively
configured and operable in accordance with the currently
contemplated best mode of our invention; and

FIG. 28 is a timing diagram illustrating the
operations of the front and back system end positive
displacement pumps and the shear and sample 1liquid test
package extraction control valves of the system of FIGS. 27
and 29.

FIG. 30 is a schematic diagram of an embodiment of
the present invention for use in an immunoassay.

FIGS. 31A-H are schematics of a detail of FIG. 30
showing the steps of one embodiment of a method according to
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now te FIG. 1 of the application
drawings, a first embodiment of the reversible direction
capsule chemistry sample liquid © analysis system
representatively configured and operable in accordance with
the currently contemplated best mode of our invention is
schematically depicted as indicated generally at 20: and
comprises sample liquid test package metering and supply means
as indicated generally at 22 which operate to meter successive
encapsulated test packages of sample, reagents and buffer
liquids, and air and supply the same in turn for reaction and
analysis within the system; reversible direction sample liquid
test package displacement means as indicated generally at 24
which operate to bi-directionally displace the thusly metered
and supplied test packages through the system; test package
transfer means as generally indicated at 26 which operate in
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conjunction with the test package metering and supply means 22
and the test package displacement means 24 to provide for the
successive test package supply and bi-directional functions of
the system; test package reaction and analysis means as
indicated generally at 28 for the successive reactions and
repeated analyses of the thusly supplied and displaced
testpackages; and detection means as indicated generally at 30
which are operatively associated with the reaction and
analysis means 28 to detect and quantify the successive sample
liquid test packages analysis results.

The test package metering and supply means 22
comprise a precisely operable, highly accurate positive
displacement pump, for example a piston pump as indicated at
31, comprising pump cylinder 32 and pump piston 34 dirriven as
indicated by an electric drive motor as indicated at 36 and
operatively connected thereto as shown. A flexible conduit of
any appropriately durable, inert and transparent materia’, for
example Teflon which is also hydrophobic, is indicated at 38
and operatively connects pump cylinder 32 as shown to what
will hereinafter be termed the "upstream" side of the sample
liquid test package transfer means 26 for the supply of
successive test packages thereto as described in greater
detail hereinbelow.

Further included in the test package metering and
supply means 22 is a sample liquid test package aspirating
probe assembly as indicated generally at 40, and which
preferably takes the general form of that disclosed in United
States Patent 4,121,466 issued October 24, 1978 to Allen
Reichler, et al, and assigned to the assignee hereof; the
disclosure of which is hereby incorporated by reference in
this specification. As such, probe assembly 40 comprises a
rigid probe tube 42, again preferably of Teflon or 1like
material, having an inlet end 44, and an outer probe tube 46
located concentrically as shown around probe tube 42 and
sealed thereto to form an annular chamber 48 therearound. A
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flexible conduit 50, again preferably of transparent Teflon or
like material, operatively connects probe tube 42 as shown to
what will hereinafter be termed the "downstream" side of
sample test package transfer means 26, and therethrough to
conduit 38 and pump 31, as and for purposes described in
detail hereinbelow.

Probe drive means taking the form of an electric
drive motor are indicated at 52, and are operatively connected
as shown to probe tube 42 for drive of the probe assembly 40
in conventional manner.

Sample, reagent and buffer liquid supply means are
indicated generally at 54 in FIG. 1; and, for a representative
application of the system 20 of our invention, comprise a
container 56 of reagent liquid R1, container 58 of reagent
liquid R2, and container 60 for an appropriate buffer liquid
B. An array of sample liquid containers for different,
essentially aqueous sample liquids, only four of which are
illustrated as indicated at 61, 62, 63 and 64 for the
containers, and S1, S2, S3 and S4 for the different sample
liquids contained therein, are operatively disposed in any
suitable transport device as indicated at 66, for example the
sample carrier block and shuttle assembly as disclosed in
detail in United States Patent 4,853,336 issued August 1, 1989
to Stephen Saros et al, and assigned to the assignee hereof;
the disclosure of which is hereby incorporated by reference in
this specification. The transport device 66 is intermittently
driven by an electric drive motor 68 operatively connected
thereto as shown to index the included sample liquid
containers in turn for access by probe tube 42 and sample
liquid aspiration therefrom. Although not shown, it will be
readily understood by those skilled in this art that liquid
level sensing means of any appropriate, well Kknown
configuration are preferably operatively associated with probe
assembly 40 to provide for precisely reproducible aspirations
of the sample, reagent and buffer liquids from the respective
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containers thereof in the formation of the sample liquid test
packages.

Further included in the sample liquid test package
metering and supply means 22 is an isolation liquid supply
reservoir as indicated at 70, and which is disposed as shown
adjacent pump 30 to contain an appropriate quantity of an
isolation liquid as indicated at IL. For representative use
of the system 2C of our invention with essentially aqueous
sample, reagent and buffer liquids, and hydrophobic system
probe and conduit components, isolation liguid IL will be
constituted by an appropriate fluoro-carbon or silicon liquid
which is immiscible with the sample, reagent and buffer
liquids, and which preferentially wets the hydrophobic inner
walls of the hydrophobic system components to the substantial
exclusion of those liquids, thereby coating those system
component inner walls with an isolation 1liquid layer to
substantially prevent contact therewith by said liquids and
the adhesion of the same thereto. This significantly reduces
sample liquid carryover, i.e. the contamination of succeeding
sample liquid by the residue of a preceding sample liquid, and
thus significantly increases the overall accuracy of the
sample liquid analysis results. This technique of sample
liquid carryover minimization through use of an immiscible
isolation liquid has now become well known in the automated
sample liquids analysis art as disclosed for example in United
States Patent 4,865,993 issued September 12, 1989 to Michael
M. Cassaday, et al and assigned to the predecessor in interest
of the assignee hereof; the disclosure of which is hereby
incorporated by reference in this specification.

A three way rotary valve is indicated at 72, and is
operatively disposed as shown in conduit 38 immediately at the
outlet from pump cylinder 32; and an isolation liquid supply
conduit 74 operatively connects valve 72 to the supply of
isolation liquid IL within resexvoir 70. Rotary valve 72 is
driven by an operatively connected electric drive motor as
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indicated at 76 between a first valve position wherein the
valve connects pump cylinder 32 directly through cenduit 38 to
the upstream side of transfer means 26, and a second valve
position wherein 'the valve connects pump cylinder 32 and
conduit 38 to the isolation liquid reservoir 70 through supply
conduit 74 for the suppply of the isolation liquid IL thereto
as and for the purposes described in detail hereinbelow.

A precisely operable positive displacement pump, for
example a syringe pump is indicated at 82 in FIG. 1, and is
connected as shown by flexible conduit 86 to the annular probe
chamber 48 through outer probe tube 46. An isolation liquid
reservoir is indicated at 88; and conduit 92 connects pump 82
thereto as shown. Electric drive motor is indicated at 96,
and is operatively connected as shown to pump 82 to drive the
same, thereby pumping the isolation liquid IL from reservoir
88 into the annular space 48 between the outer and inner probe
tubes 46 and 42 through conduits 92 and 86; all to result in
the formation of a layer of the isolation liquid on the outer
surface of probe tube 42 for effective sample liquid carryover
minimization with regard to the probe assembly 40 as made
clear in United States Patent 4,121,466 referenced
hereinabove. In addition, a sample 1liquid carryover-
minimizing layer of the isolation liquid IL is also formed and
maintained on the inner surface of the probe tube 42 as
described in detail hereinbelow.

The reversible direction test package displacement
means 24 of FIG. 1 comprise a highly accurate positive
displacement piston pump 100 which includes pump cylinder 102
and pump piston 104 driven as indicated by an electric drive
motor 106 operatively connected thereto as shown. A flexible
conduit, again preferably of transparent Teflon or like
material, is indicated at 108 and operatively connects pump
cylinder 102 to the upstream side of the sample liquid test
package transfer means 26 as shown. A three way rotary valve
is indicated at 110, and is operatively disposed as shown in




10

15

20

25

30

35

9

conduit 108 above pump 100. A vent conduit 112 connects valve
110 to atmosphere. Valve 110 is driven as indicated by an
operatively connected drive motor 114 between a first valve
position wherein 'the same closes vent conduit 112; and a
second valve position wherein the valve connects conduit 108,
and thus pump cylinder 102, to atmosphere through vent conduit
112.

Further included in the test package displacement
means 24 of FIG. 1 1is a precisely operable positive
displacement pump, again for example a syringe pump, as
indicated at 116. Pump 116 is operatively connected as shown
by conduit 118 to a supply of the isolation liquid IL as
contained in isolation liquid reservoir 120 disposed as shown
below pump 116; and is connected as shown to conduit 108 by
flexible branch conduit 122. An electric drive motor is
indicated at 124 and is operatively connected to pump 116 as
shown to drive the same and supply isolation liquid IL from
reservoir 120 through branch conduit 122 to conduit 108, again
for sample liquid carryover minimization purposes as described
in detail hereinbelow.

The test package transfer means 24 of FIG. 1
comprise a two position linear shear valve as indicated at
130. Valve 130 is driven by shown by an operatively connected
electric drive motor 132 between what will hereinafter be
termed an "aspirate" position wherein the valve connects
conduit 38, and thus pump 31, to conduit 50, and thus probe
assembly 40, and simultaneously connects condmit 108, and thus
pump 100, to the test package reaction and analysis means 28;
and what will hereinafter be termed a "transfer" position
wherein the valve 130 connects conduit 38, and thus pump 31,
to the test package reaction and analysis means 28, while
simply closing off conduits 50 and 108 at the valve; both as
described in greater detail hereinbelow.

The test package reaction and analysis means 28 of
FIG. 1 comprise an analytical line as indicated at 134, and
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formed by a generally elongated, flexible transparent conduit
of Teflon or like material, which extends as shown from
operative connection to the downstream side of shear valve 130
to terminate in an open end 135 above a waste container 136
for the flow of the duly reacted and analyzed sample liquid
test packages from the line in turn into that waste container.
A flow cell of essentially conventional configuration and
manner of operation is indicated at 138, and is operatively
disposed as shown in analytical 1line 134 for the bi-
directional flow of +the sample 1liquid test packages
therethrough in turn as described in greater detail
hereinbelow.

Further included in the analytical 1line 134
immediately downstieam of flow cell 138 is an aneurism, or
section of enlarged cross-sectional area, as indicated at 140
and which is preferably formed int:grally with the line, for
example by blow-molding, thereby eliminating sample 1ligquid
carryover-intensive joints in the analytical line 134 as will
be well understood by those skilled in this art. In the
manner disclosed in United States Patent 4,853,336 referenced
hereinabove, this section 140 of enlarged cross-sectional
area, hereinafter referred to as the "vanish zone," operates
in the manner of an expanding floatation zone to combine
liquid segments which reside to either side of an air segment
in each of the sample liquid test packages upon the initial
flow of the test package therethrough in what will hereinafter
be termed the "downstream" direction, namely the flow
direction to the right as seen in drawing FIG. 1 from the
shear valve 130 to and through the flow cell 138 and the
vanish zone 140. More specifically, it may be understood that
the vanish zone 140 is specifically dimensi~ned in accordance
with the volume of at least one of the sample liquid test
package air segments, or vice versa, to prevent the occlusion
of that zone by that air segment, thus in essence floating
that air segment in liquid therein and combining the liquid
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segments, for example those of sample liquid S and reagent
liquid R1, and that of reagent liquid R2, which reside to
either side of that air segment in a sample liguid test
package upon the initial flow of the same through the vanish
zone 140 in the downstream direction in analytical line 134,
all in the manner described in detail hereinbelow.

The detecting means 30 comprise a light source as
indicated at 142 of appropriate wavelength, and optically
compatible light-sensitive detector as indicated at 144,
respectively operatively disposed as shown to opposite sides
of the flow cell 138. Optical fibres of appropriate light
transmission chariucteristics are indicated at 146 and 148, and
are operatively disposed as shown relative to light source
142, flow cell 138 and detector 144, respectively, to function
in conventional colorimetric manner to transmit light from
source 142 through flow cell 138 to detector 144 for repeated
quantitative analyses of the successive sample liquids of the
sample ligquid test packages in turn, again as described in
greater detail hereinbelow.

Further included in the detecting means 30 of FIG.
1 is a bubble detector as indicated at 150, and taking for
example the form of that disclosed in United States Patent
4,253,846 issued March 3, 1981 to William J. Smythe, et al,
and assigned to the predecessor in interest of the assignee
hereof, the disclosure of which is hereby incorporated by
reference in this specification. Bubble detector 150 is
operatively associated with analytical line 134 immediately
upstream of flow cell 138, to detect the passage of the
leading edges of the liquid segments in the respective sample
liquid test packages and signal the detector 144 accordingly
as indicated along line 152.

With further regard to the respective aspirate and
transfer positions of two position linear shear valve 130 of
the test package transfer means 24 of FIG. 1, and with the
analytical line 134 of test package reaction and analysis
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means 28 now having been structurally described in detail in
relation thereto, reference may now be had to drawing FIGS. 2A
and 2B; with the former schematically depicting the conduit
connections effected with the shear valve 130 in the aspirate
position, and the latter schematically depicting those conduit
connections with the valve in the transfer position.
Referring now to FIG. 3 of the application drawings,
the same will be seen as a block diagram schematically
illustrating the control and synchronization of the
electrically operated components of the system 20 of FIG. 1;
and, to that effect, depicts a controller as indicated at 153
taking the form of any appropriately = programmable
microprocessor device, for examgple a general purpose digital
computer with a stored system program. Controller 153 is
operatively connected as indicated by lines 154, 155 and 156
to pump drive motors 36 and 106, and probe assembly drive
motor 52, to control and synchronize the respective operations
thereof, and thus of pumps 31 and 100; and is operatively
connected as indicated by line 158 to shear valve drive motor
132 to like purposes with regard to the operation of shear
valve 130. Controller 153 is also operatively connected as
indicated by line 159 to sample liquid supply drive motor 68
to control and synchronize the indexing of the sample liquid
containers in turn to probe assembly 40; and is operatively
connected as indicated by lines 160, 162 and 164 to isolation
liquid supply pump. drive motors 94, 96 and 124 to control
isolation liquid supply to conduit 108 and probe assembly 40.
Controller 153 is alsoc operatively connected as indicated by
lines 166 and 168 to vent valve drive motor 114 and isolation
liquid supply valve drive motor 76 to control and synchronize
the venting of pump 100 to atmosphere, and the supply of
isolation liquid to pump 31 and thus to conduit 38; and is
also operatively connected to 1light source 142, bubble
detector 150 and detector 144 as indicated by lines 170, 172
and 174 to control and coordinate the respective functions
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thereof. User console including a standard CRT terminal and
keyboard, and a recorder including a standard printer for
permanent recording of the sample liquid analysis results, are
shown at 176 and 178 in drawing FIG. 3, and are respectively
operatively connected as indicated by lines 180 and 182 to the
controller 153 for user control of the system 20, and
observation and recording of the sample 1liquid analysis
results. Thus, controller 153 may be understood .to be
effective to instruct, control, monitor, and synchronize the
operations of system 20 as described in detail hereinbelow,
and to calculate and monitor the sample 1liquid analysis
results and output the same in a variety of formats, all of
course in accordance with appropriate programming of the
controller 153.

In accordance with the teachings of the herein-
disclosed best mode of the system 20 of our invention, pump
drive motors 36 and 106, and probe assembly drive motor 52 of
FIG. 1 take the form of precisely operable stepping motors
which, in accordance with appropriate programming of system
controller 153 of FIG. 3 and control of those drive motors as
described along 1lines 154, 155 and 156 of FIG. 3, can be
operated to drive pump pistons 34 and 104 of pumps 31 and 100
through different and readily adjustable strokes in pump
cylinders 32 and 102, and to drive probe assembly 40 through
different and readily adjustable ranges of vertical and
horizontal travel relative to the respective sample, reagent
and buffer liquid containers, as described in detail
hereinbelow.

FIG. 4 1is a timing diagram illustrating the
operational conditions of shear valve 130, pumps 31 and 100,
and probe assembly 40 during a representative operational
cycle of the system 20 of our invention. To this effect, line
SH illustrates the respective aspirate and transfer conditions
of shear valve 130, line PA illustrates the position of piston
34 in cylinder 32 of pump 31, line PB illustrates the position
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of piston 104 in cylinder 102 of pump 100, line PH illustrates
the horizontal position of probe assembly 40 relative to the
respective sample, reagent and buffer liquid containers, and
line PV illustrates the vertical position of probe assembly 40
relative to those containers; it being clear all lines on FIG.
4 are drawn to the same time scale as indicated thereon.
With the respective components of the system 20 of
our invention configured and operatively associated as
heretofore described, it may be understood that, prior to
sample liquid test package supply and analysis, the system is
initialized to provide respective volumes or columns of the
isolation liquid IL and ambient air above pump pistons 34 and
104 to in essence act as extensions of those pistons in the
performance of the pumping functions, thereby preventing any
contact by the sample liquid test packages with pump 31 and
valve 72, and pump 100, and totally preventing sample liquid
carryover in those otherwise highly carryover-intensive system
components. More specifically, and with shear valve 130 in
the aspirate position thereof of FIG. 22 to connect conduits
38 and 50 therethrough, with valve 72 operated by drive motor
76 to connect pump cylinder 32 to isolation liquid reservoir
70 through conduit 74, and with pump piston 34 driven by drive
motor 36 essentially to the top of pump cylinder 32, pump
piston 34 is then driven by drive motor 36 essentially to the
bottom of pump cylinder 32 thereby aspirating the isolation
liquid IL from reservoir 70 thereinto through conduit 74 and
substantially filling pump cylinder 32 with the same. Valve
72 is then operated by drive motor 76 to connect pump cylinder
32 to conduit 38, thereby leaving pump cylinder 32
substantially filled with the isolation liquid IL, with any
air which was entrapped below the isolation liquid in the pump
cylinder simply flowing under the force of gravity therefrom
into conduit 38 by virtue of the connection of the same to
atmosphere through the open end 44 of probe tube 42. Pump
piston 34 is then driven upwardly to a slight extent by drive
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motor 36 to the piston position illustrated in drawing FIG. 5
wherein the pump cylinder 32, the valve 72, and a small extent
of conduit 38 above the latter are filled with the isolation
liquid IL; thereby providing an isolation liquid column as
indicated at 200 in FIG. 5 above piston 34 which acts as an
extension of the piston for sample l1liquid test package
aspiration and supply to the system 20 as described in detail
hereinbelow. This also establishes an operational bottom dead
center position for piston 34 in pump cylinder 32.
Concomitantly, piston 104 of pump 100 is driven by drive motor
106 to the bottom of pump cylinder 102 as shown in FIG. 5 to
establish an operational bottom dead center position for that
pump piston; and this results in pump cylinder 102 and conduit
108 being filled with ambient air as drawn thereinto through
shear valve 130, analytical line 134, and the open end 135 of
the latter. This provides an air column as indicated at 202
in FIG. 5 above piston 104 in pump cylinder 102 and conduit
108 which acts as an extension of that piston for the bi-
directional displacement of the sample liquid test packages
through the analytical line by pump 100 as described in detail
hereinbelow.

Alternatively, air column 202 may be provided by
driving three way rotary valve 110 tc the second position
thereof to connect pump cylinder 102 and the portion of
conduit 108 below the valve as seen in FIG. 5 to atmosphere,
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