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(57) ABSTRACT 

The present invention is a filter device with methods to 
capture a desired amount of material Suspended in a liquid 
or gas. These filter capture methods may be used for the 
purification or enrichment of various Sample constituents or 
captured material may be observed or analyzed. The filter 
device employs a deformable filter to provide a simple 
reliable device to capture a desired amount of material, with 
minimal electronic intervention. 
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Figure 1a (Prior art) 
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Figure 2a Figure 2b 
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Figure 3a -- 360 
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Figure 4 
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Figure 5a 1. Figure 5b 
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FILTER DEVICE TO CAPTURE A DESIRED 
AMOUNT OF MATERAL AND METHODS OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/263,129, filed on Oct. 2, 2002, and 
published as United States Published Patent Application No. 
2004/0065622 A1, and claims priority from that application. 

BACKGROUND OF INVENTION 

0002. In industry and biology it is often advantageous to 
capture particulate material Suspended in a liquid or gas, on 
a filter for purification, enrichment, observation or Subse 
quent analysis. The quantity and characteristics of particu 
late material is important in manufacturing, for example, 
processes that utilize powders, pigments, fuels or lubricants. 
Particle evaluations are also used to assess contaminants in 
water or air Such as pollen, asbestos and Soot. Particulate 
material is Sometimes used indirectly to assess proteins or 
chemicals, for example, beads coated with monoclonal 
antibody may be interacted with blood. Then these beads 
may be captured on a filter and assessed for bound protein. 
0003. As used herein, “sample suspension” means par 
ticulate material Suspended in a liquid or gas. "Material” as 
used herein means biological cells, organisms, bacteria, 
Viruses, or components of these, as well as organic and 
inorganic particulates or any other matter which may be 
captured or isolated on a filter. This captured material may 
be Subsequently used to provide diagnostic and/or analytical 
information or be re-Suspended or otherwise used. For 
example, captured material may be analyzed chemically or 
may be placed on a receiving Surface, Such as a microscope 
Slide for analysis. 
0004 Although there are a number of established meth 
ods to deposit mono-layers of material on a receiving 
Surface for observation or analysis, controlling the amount 
of material collected on a filter is more difficult to achieve. 
Typically, electronic control and intervention is required to 
monitor and control the collection of material on a filter 
apparatus and/or other laboratory methods (employing par 
ticle counters and dilution techniques) are used to adjust the 
concentration of the material in Suspension. Unfortunately, 
these methods require additional apparatus and electronics, 
and are relatively complex or expensive in terms of Supplies, 
and time. Therefore, a simple, reliable method of capturing 
a desired amount of material on a filter would be advanta 
geous. 

0005 The present invention is a filter device that pro 
vides a means to collect a desired amount of material. To 
accomplish this, a pressure Sensor is used Substantially to 
monitor the flow rate through the filter. In addition, the 
preSSure Sensor may be combined with a valve that provides 
control over Sample flow, and thus the collection of material. 
In one embodiment of the present invention, a preSSure 
Sensor and valve are integrated to form a pressure-Sensitive 
check valve. In other embodiments the membrane filter or 
filter assembly themselves deform, acting as a pressure 
Sensor and flow control mechanism. 

SUMMARY 

0006. It would be beneficial to provide a simple filter 
apparatus to capture a desired amount of material on a filter 

Sep. 1, 2005 

that does not rely on relatively complex electronics and 
Sensors. In addition, it would be advantageous to provide a 
filter capture method that can be automated to prepare a 
plurality of Samples, Simultaneously. Accordingly, as will be 
further described, the present invention provides a novel 
apparatus incorporating a pressure transducer and means to 
Substantially halt or otherwise adjust Sample flow, providing 
a simple, reliable device to capture a desired amount of 
material without complex electronics. In addition, the 
present invention is easily automated to allow material from 
a plurality of Samples to be captured on a membrane filter, 
Simultaneously. 

0007 AS previously discussed herein, a variety of pres 
Sure Sensors are available with appropriate characteristics 
for exploitation within the present invention. For Some 
applications material captured on a filter is intended for 
contract-transfer to a receiving Surface, Such as a microscope 
Slide. Accordingly, for Some applications when a relatively 
large filter is required, or the Suspending fluids are Viscous, 
for example, a filter Support Structure may be desirable. 
0008. The present invention provides a filter apparatus 
using means to measure or Sense the flow rate of a gas or 
liquid through a filter. In Some embodiments pressure is 
Sensed, however, the flow rate of a fluid or gas could also be 
Sensed. In Some embodiments, the present invention termi 
nates or otherwise adjusts Sample flow when a predeter 
mined amount of material has been captured on a filter for 
example by venting the pressure differential responsible for 
Sample flow, or closing the flow pathway, for example with 
a valve. In other embodiments of the present invention 
material collection on a filter is Substantially reduced by 
restricting access to the filter, for example, by changing its 
position or deforming its shape. 

0009 Filter types include fibrous and mesh membranes, 
porous and capillary porous membranes, and fabric and gel 
lattices, for example. Such filters are commonly made from 
paper, nylon, glass fibers, nitrocellulose, polypropylene, 
chemical gels etc. In Some cases filters are further treated to 
enhance certain properties Such as capture capacity, flex 
ibility, Selectivity or adherence by coating them or incorpo 
rating other compounds Such as PTFE or protein binding 
compounds. Accordingly, filters can be formed in various 
shapes Such as planar, conical, pyramidal, hemispherical, or 
Spherical, or filters may have their shape imposed by a 
carrier or other Support Structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The organization and manner of the structure and 
operation of the preferred embodiments of the invention, 
together with further objects and advantages thereof, may 
best be understood by reference to the following description, 
taken in connection with the accompanying drawings, 
wherein like reference numerals identify like elements in 
which: 

0.011 FIG. 1a (Prior art) Method to collect and monitor 
the concentration of material captured on a membrane filter. 

0012 FIG. 1b (Prior art) Membrane filter device used in 
conjunction with FIG. 1. 

0013 FIG. 2a shows an embodiment of the present 
invention capturing a desired amount of material. 
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0.014 FIG.2b shows another embodiment of the present 
invention capturing a desired amount of particulate material 
from a fluid Suspension. 

0015 FIG.2c shows the embodiment of FIG.2b used to 
capture a desired amount of material Suspended in a gas. 

0016 FIG. 3a shows a membrane filter apparatus with 
preSSure-Sensitive check valve. 

0017 FIG. 3b shows another configuration of membrane 
filter apparatus. 

0018 FIG. 3c shows an embodiment of the present 
invention, incorporating a pressure-Sensitive check valve in 
the form of Spring tabs arranged around the periphery of a 
filter apparatus. 

0.019 FIG. 4 shows an embodiment of the present inven 
tion utilized to process a plurality of Samples. 

0020 FIG. 5a shows a syringe filter assembly of an 
embodiment of the present invention where a deformable 
filter provides flow rate monitoring (pressure detection) and 
flow rate control. 

0021 FIG. 5b shows a desired amount of material col 
lected on the syringe filter associated with FIG. 5a. 

0022 FIG. 6a show yet another embodiment of a filter 
assembly to monitor and control or otherwise adjust flow 
rate through a filter. 

0023 FIG. 6b further describes the filter assembly asso 
ciated with FIG. 6a. 

0024 FIG. 6c shows an embodiment of a filter assembly 
at rest (under normal operating conditions). 
0025 FIG. 6d shows the filter assembly embodiment of 
FIG. 6c in an activated State having responded to pressure 
changes indicative of collecting a desired amount of mate 
rial. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND PREFERRED EMBODIMENTS 

0026. While the invention may be susceptible to embodi 
ment in different forms, there is shown in the drawings, and 
herein will be described in detail, specific embodiments with 
the understanding that the present disclosure is to be con 
sidered an exemplification of the principles of the invention, 
and is not intended to limit the invention to that as illustrated 
and described herein. 

0027 FIG. 1a (prior art) illustrates a system 10 to collect 
a desired quantity of cells onto the underSide of a Screen 
type filter 12. AS diagrammed, a pressure Sensor 26 is in 
communication with both sides of a membrane filter 12. 
Accordingly, one side of the membrane 12 in the collection 
vessel 18 is shown at ambient preSSure with pressure Sensor 
26 provided on the opposite side of the membrane. Pressure 
unit 30 typically responds to electrical control Signals from 
a control unit, which can be microprocessor-controlled, to 
apply Selected fluid conditions to the interior of the collec 
tion vessel. 

0028 FIG. 1b (Prior art) further illustrates the collection 
vessel 18 with Screen-type filter 12 as used in this apparatus, 
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and as described in U.S. Pat. No. 6,010,909 and again in 
U.S. Pat. No. 6,225,125. In this manner, a desired quantity 
of material may be captured. 

0029 FIG. 2a shows an embodiment of the present 
invention with filter apparatus 205 comprised of filter 215 
deposed between a top body member 210 and a bottom body 
member 220. In this instance, open container 235 contains 
Sample Suspension 230 (e.g. particulate material Suspended 
in a liquid), which is introduced via pickup tube 245. This 
pickup tube, as required or desired, may comprise part of the 
bottom body member 220 or pickup tube 245 may be a 
separate member attached to body member 220. The object 
of the device, which will now be further described, is to 
provide a means to monitor or otherwise Sense the flow rate 
of this Sample Suspension 230 and to provide a means to 
alter, adjust, halt or otherwise influence that flow rate when 
indicated by a sensor 250, which is in communication 
(mechanically or electro-mechanically) with the means to 
control flow. Sample suspension 230 is drawn by application 
of pressure from vacuum source 200 therefore providing a 
means to cause Sample Suspension 230 to flow as further 
indicated by flow directional arrow 240, which as dia 
grammed, is in the inlet port 221 of the pickup tube 245, into 
the bottom body member 220, through the filter 215, which 
is this instance is a membrane filter, through a flow control 
element 212 (in this instance a valve) and then out through 
the outlet port 211. (In this embodiment, as well as in 
Subsequently-described and illustrated embodiments, 
vacuum is used to cause the sample suspension to flow. 
Other means can be used for this purpose in this and 
Subsequent embodiments, Such as gravity or mechanical 
means Such as a pump.) Accordingly, as Sample Suspension 
230 flows in this manner, particulate material in the sample 
suspension 230 begins to be captured by membrane filter 
215. Pressure sensor or pressure transducer 250, in this 
instance contained Substantially within the top body member 
210, communicates with the upper Surface of membrane 
filter 215. This communication is further indicated by com 
munication arrow 270. Pressure sensor 250 is also in com 
munication with flow control element 212 so as to provide 
a means to adjust or otherwise control flow when certain 
preSSures are Sensed. This communication between preSSure 
sensor 250 and flow control element 212 is further indicated 
by communication arrow 260. Accordingly, a pressure dif 
ferential is established across the membrane filter 215, 
thereby providing a means for the pressure sensor 250 to 
monitor the flow rate of the Sample Suspension. AS Sample 
continues to flow, and as described in association with the 
description of prior art in FIGS. 1 and 2, particulate material 
that is smaller than the pore size of the membrane filter 215 
passes through the membrane (to waste or to another ves 
Sel-not shown) while material larger than the pore size of 
the membrane filter 215 is captured. Since filter pores 
provide the actual pathway through a filter, material cap 
tured by the membrane filter 215 typically blocks pores, 
which in turn restricts flow. When the flow rate drops to a 
certain level, pressure Sensor 250 responds (at a predeter 
mined preSSure based on the application, filter characteristic, 
amount of desired material etc. as previously described 
herein and in the prior art cited), pressure sensor 250 
activates and in turn activates flow control element 212. The 
flow control element 212 may halt the flow of sample 
Suspension 230 and hence Stop further capture of material on 
the membrane filter 215, which has now captured the desired 



US 2005/0189286 A1 

amount of material. While such a valve (flow control ele 
ment 212) could be implemented in various positions of 
within the filter assembly 205, generally communication 
with pressure sensor 250 is simpler and provides more 
options when these two functions are relatively closely 
related. Further examples of this will be provided in the 
descriptions accompanying FIGS. 2b and 2c. Activation of 
the flow control element 212 may be mechanical, electro 
mechanical or may be accomplished via further integration 
of the pressure sensor and valve (as will be further dis 
cussed). Similarly, these elements may be physically sepa 
rate or may be functionally integrated. For applications, Such 
as monolayer deposition, that may require access to the filter 
for touch or other material transfer method, the top body 
member 210 and bottom body member of filter apparatus 
205 are preferably made separable, by employing threads or 
a press-fit assembly, for example. 

0030 FIG.2b shows another embodiment of the present 
invention with Sample Suspension 230 being drawn through 
filter 215 by application of vacuum 200. In this instance 
filter 215 is sealed to the bottom of upper body member 210, 
thereby providing access to material captured by membrane 
filter 215. As diagrammed the sensor 250 is integrated with 
flow control element 213, which in this instance provides 
flow control using a valve to vent the pressure source 200 
through vent port 214 or flow control valve 213, rather than 
adjusting the Sample flow pathway, as described in associa 
tion with FIG. 2a. As required, or desired, the vent may 
Substantially release the vacuum Supplied by Source 200 to 
halt flow, or the drop in vacuum provided by this venting 
may be Sensed and the vacuum Source, shut off. 
0.031 FIG. 2c shows application of the device and con 
figuration of the present invention described in association 
with FIG. 2b where sample suspension 221 consists of 
particulate matter, for example, Soot, Suspended in a gas, for 
example air. 

0032 FIG. 3a shows an embodiment of the present 
invention 300 comprised of a hollow main body 310 and a 
preSSure-Sensitive check valve 320 extending into the main 
body 310 So as to communicate with one side of a membrane 
filter 330, which is attached to the underside of the main 
body 310. As desired, for use in fluids, a protrusion 335 may 
be provided on the bottom of the main body 310 or may be 
fashioned appropriately to stop the membrane filter 330 
from contacting the bottom of a sample vessel (not shown) 
and disrupting flow during use. A vacuum Source 360 is 
provided for Sample aspiration. Initially, the vent portion 
340 of the pressure-sensitive check valve 320 is closed and 
typically, the membrane filter 330 is fresh (free of sample 
material). To begin collection, Vacuum is used to draw 
Sample Suspension (not shown) through the membrane filter 
330 causing material to collect on the underside of the 
membrane filter 330. Accordingly, as material collects, the 
pores become occluded and the rate of flow of Sample 
Suspension decreases. The pressure-Sensitive check value 
320 monitors flow rate through the membrane filter 320 and 
when the flow rate falls to a desired level, thus indicating 
that a desired amount of material has been collected, the 
pressure-Sensitive check valve 320 triggers (at a predeter 
mined pressure) and Sample flow (and material collection) is 
halted. Descriptions of filter collection systems that utilize 
electronics to accomplish a comparable task may be found 
in U.S. Pat. No. 6,010,909 and U.S. Pat. No. 6,225,125. A 
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portion of this prior art is presented in FIGS. 1 and 2 herein. 
Although various filters may be employed in Such a con 
figuration, for preparing cytological Samples, the membrane 
filter 330 typically has relatively uniformly-distributed pores 
of a uniform size, intended to capture material larger than the 
pore size, while passing particulate material that is Small. 
Approximately half a dozen companies provide a filter 
apparatus that is adapted to a Syringe (syringe filters). 
0033 For one embodiment of the present invention, the 
sensor portion of the pressure-sensitive check valve 320 has 
been adjusted to trigger at a desired, predetermined preSSure 
which is established to indicate capture of a desired quantity 
of material on the bottom Surface of the membrane filter 330. 
AS diagrammed, when the preSSure-Sensitive check valve 
320 triggers (indicating that a desired amount of material has 
been captured), a pathway is opened which vents off the 
Vacuum, thereby stopping the aspiration of Sample. While it 
is one object of the present invention to minimize or 
eliminate electronics that communicate with the preSSure 
transducer or control Systems, a battery-powered preSSure 
transducer and/or valve assembly is consistent with this 
objective. As desired, the pressure-sensitive check valve 320 
could be implemented in a variety of other ways So as to 
monitor and control Sample flow, for example upon trigger 
ing it could close a fluid pathway. For biological applica 
tions, or when other dangers are present, it may be preferable 
to vent the vacuum as described, which serves to limit the 
potential for aerosols. 

0034) To simultaneously prepare several samples, 
Vacuum could be provided by a Stepper-driven Syringe, with 
one Syringe for each Sample. For higher levels of automation 
a vacuum pump and vacuum isolators may be preferred. 
Accordingly, material capture by the present invention may 
be transferred by contacting an appropriate receiving Sur 
face. For Some applications, Such as machine Vision exami 
nation of cytological Samples, monolayer deposition may be 
made to the underside of a cover-glass or other relatively 
thin, uniform material, Such as transparent tape, thereby 
providing material at approximately the same distance from 
the top Surface to facilitate focus. To provide additional 
rigidity, the thin receiving Surface may be placed or affixed 
to a Second Surface as desired, or required. 

0035 FIG. 3b shows an alternative configuration of 
present filter device 300, this time having upper body 
portion 315 and lower body portion 316. A membrane filter 
330 is shown to be sealed with the formed body by O-rings 
325. The upper and lower body portions 315 and 316 are 
designed So as to join and Seal with the o-rings 325, 
establishing conditions for Sample flow to be Substantially 
through the membrane filter 330. For some applications, 
once a desired quantity of material is captured on the filter, 
it may be useful to re-Suspend this material by back-flushing 
the filter. Once material is re-Suspended, for example, 
another filter device may be used to isolate a Sub-component 
of the material collected. Alternatively, if access to the filter 
surface is desired, the upper body 315 and the lower body 
316 should be made Separable using a press-fit, threads or 
other convenient form of assembly. 

0036) A pressure-sensitive check valve 320 is shown in 
communication with the upper body portion 315 of the filter 
335. Again, flow through the membrane filter 330 decreases 
with time due to progressive obstruction of the pores by 
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material as it collects. The preSSure-Sensitive check valve 
320 senses flow rate therefore, providing a measure of the 
amount of material captured by the membrane filter 330. 

0037 FIG. 3c shows an embodiment of the present 
invention having a membrane filter 330 (not shown) 
attached on the lower surface of the device body 310. As 
described in association with FIG.3a, a standoff 335 may be 
provided. In this embodiment the pressure-Sensitive check 
valve 370 is integrated and implemented around the periph 
ery of the apparatus with plastic Spring tabs that operate as 
poppet valves. These are further diagrammed in expanded 
view. Plastic spring tab 376 has contact area 374, tension 
sealed into vent hole 372 in the wall of the device body 310. 
Although a Single poppet valve of this type could function 
as a pressure-Sensitive check valve for the intended use, Such 
functionality has been implemented using a plurality of 
plastic poppet valves 370 distributed around the periphery of 
filter device 300. As described in association with FIGS. 3a 
and 3b, applied vacuum 360 initiates the flow of sample 
suspension (not shown) through the membrane filter 330. 
And as material is captured on the underSide of membrane 
filter 330, the pressure-sensitive poppet valves 370 are in 
communication with the upper Side of the membrane filter 
330, so positioned so as to monitor the flow rate of material 
through the membrane filter 330. The poppet valve(s) are set 
to trigger at a predetermined pressure to indicate when a 
desired quantity of material has been collected on the 
membrane filter 330. 

0.038. As discussed, the pressure-sensitive check valve 
370 may be implemented with one or more contact tabs. 
Compound valves of this type may be adjusted to trigger or 
otherwise activate at a predetermined pressure. Similarly, 
the characteristics of the valve portion may also be made 
adjustable, for example, when used as a vent or fluid 
pathway the diameter of the valve could be adjusted. For 
Some applications or reasons of manufacture, Size, operating 
range, reliability, Sensitivity, trigger rate, etc. it may be 
desirable to distribute a plurality of these plastic Spring tabs 
around the periphery of the device, as shown. Such tab(s) 
may be affixed as Separate units, be fabricated as a ring of 
units designed for insertion into the device body or it may be 
preferable to establish these preSSure-Sensitive check valve 
components as part of a molding process. Again, the appli 
cation, costs and other factors may influence implementa 
tion. 

0039 FIG. 4 shows a configuration of filter devices of 
the present invention for processing a plurality of Samples. 
A vacuum manifold 400 distributes vacuum which is further 
isolated via vacuum chambers 410. Material in suspension 
430 begins to be aspirated into filter device(s) 420. Accord 
ingly, by Selecting appropriate components, a plurality of 
Similar or different Samples may be processed Simulta 
neously. Alternatively, each Station may be established to 
capture the same amount of material, or different amounts of 
material as desired, or required. 

0040 FIG. 5a shows a filter device 500 of the present 
invention with a membrane filter 530 interposed between 
upper body 510 and lower body 520. Sample suspension 
(not shown) enters through inlet port 525, passes through the 
membrane filter 530 and exits via outlet port 515. In this 
instance, the membrane filter 530 is selected with Sufficient 
deformability So as to generally conform to the interior 
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surface 535 of the upper device body 510 when a desired 
amount of material (indicated by the reduced flow rate 
through the membrane filter 530) has been captured. 
Accordingly, flow is Subsequently restricted to a Smaller area 
of the membrane filter 530, for example a single central fluid 
pathway, as diagrammed. 

0041 FIG. 5b shows such a filter 530, as described in 
asSociation with FIG. 5a, having captured a desired amount 
of material in region 540 and providing reduced flow 
through a more restricted area of the filter 545. As desired, 
Sample flow may continue or be allowed to continue, for 
example, until area 545 occludes So as to slow or Substan 
tially reduce or Stop Sample flow, as Such continuation has 
no Subsequent effect as the desired amount of material has 
been captured in area 540 of the filter. The device may 
continue to draw Sample as desired without Substantially 
affecting the desired amount of material collected in region 
540. As desired the upper body 315 and lower body 31.6 may 
be made Separable to provide filter access. 
0042 FIG. 6a shows a filter device 600 of the present 
invention with a membrane filter assembly 650 interposed 
between upper body 610 and lower body 620. Sample 
Suspension (not shown) enters through inlet port 625, passes 
through the membrane filter assembly 650 and exits via 
outlet port 615. The membrane filter assembly 650 is com 
prised of a filter 660 and Surrounding non-porous Support 
structure 655. In this instance, the membrane filter assembly 
650 acts as a pressure transducer, responding to a reduction 
in flow rate through the filter 660 as particulate material 
collects on the underside of the filter 660. As described in 
association with FIGS. 5a and 5b, deformation of the filter, 
or in this instance the membrane filter assembly 650, pro 
vides the means to alter flow in response to the preSSure 
differential across the membrane filter assembly 650. 
0043 FIG. 6b shows the membrane filter assembly 650 
having a filter area 660 Supported by a Surrounding non 
porous Support structure 655. The Support structure 655 has 
striations 665 allowing it to deform in a triggered motion 
when a predetermined pressure is Sensed. AS described, 
material collecting on the underside of the filter 660 begins 
to occlude the filter 660, contributing to a reduction in flow 
rate through the filter 660 and a preSSure change across the 
membrane filter assembly 650. When a desired amount of 
material has been collected the Support Structure triggerS So 
as to conform to the inner Surface as described in association 
with FIG. 5a or the Support structure may contact a valve as 
described in association with FIGS. 3a, b and c So as to 
Substantially Stop Sample flow and therefore halt material 
collection. 

0044 FIG. 6c shows a membrane filter assembly 670 
having a filter area 680 in Surrounding non-porous Support 
structure 675. The support structure 675 has striations 685. 
The membrane assembly is diagrammed in a first State 
which is substantially maintained until the pressure differ 
ential across the membrane filter assembly 670 reaches a 
predetermined trigger point at which time the Structure 
toggles or deforms to a Second State. 
004.5 FIG. 6d shows the membrane filter assembly 670 
as discussed in association with FIG. 6c in a triggered or 
deformed State. AS desired or required, the membrane filter 
assembly 670 may itself provide a means to alter flow when 
the State toggles, indicating collection of a desired amount of 
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material on the filter 680. Alternatively, the state change may 
contact a valve, a Switch or value interfaced to a Switch So 
that flow through the membrane may be adjusted, or halted. 
0.046 While preferred embodiments of the present inven 
tion are shown and described, it is envisioned that those 
skilled in the art may devise various modifications of the 
present invention without departing from the Spirit and 
Scope of the appended claims. 
I claim: 

1. An apparatus for capturing a desired quantity of mate 
rial from a Sample Suspension on a filter, comprising: 

a body member defining a chamber and having opposed 
ends, an outlet port in one of Said ends, and an inlet 
port, 

Said inlet port and Said outlet port defining a single 
pathway for Sample Suspension to flow though Said 
apparatus, 

a Substantially planar filter mounted within Said chamber 
between Said inlet port and Said outlet port and com 
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pletely acroSS Said Single pathway, So that Sample 
Suspension flowing through Said apparatus must flow 
from Said inlet port through Said filter and to Said outlet 
port, 

said filter being deformable toward said outlet end at a 
predetermined pressure change acroSS Said filter and 
having a first porous portion and a Second porous 
portion concentrically arranged centrally of Said first 
portion, Said predetermined pressure change Selected So 
that when a desired quantity of material has been 
captured by Said first portion, Said Substantially planar 
filter deforms against Said outlet end Such that all flow 
of Sample Suspension through Said apparatus must flow 
through Said more restrictive Second portion; and 

means for providing a pressure to cause Said Sample 
Suspension to flow through Said apparatus. 


