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Device and Method for Sample Collection and Concentration

Background

As methods of analysis require smaller and smaller input samples, there is a need in the

art for approaches to preparing small samples from large samples sources. One such

issue is the preparation of small samples including particulates from larger fluid

samples, such as gas samples or liquid samples.

Description

The invention provides an analyte capture and concentration device. The device is

useful for capturing target analytes from a gaseous source, such as air, and

concentrating the analytes into a small volume of liquid for subsequent analysis.

Among other things, concentration of analytes improves sensitivity and speed of

analysis. The device is useful for capturing and concentrating a wide variety of

analytes, such as chemical and/or biological analytes. The device can work with little

or no requirement for power and is easy to use in field settings.

2.1 Analyte Capture and Concentration Device

As illustrated in Figure 1. in one embodiment, the device includes a multi-chambered

reservoir 100. The reservoir generally includes a sample collection chamber 101

separated from an absorbent chamber 102 by means of a filter 103. Absorbent chamber

102 may include an absorbent material 107. The sample collection chamber 101 and/or

the absorbent chamber 102 may include volume markings for facilitating operator

control of liquid volumes in these chambers.

The device also includes ports 104 and 105 for flowing air through the chambers during

operation. The ports 104 and 105 serve as inlets and outlets for gaseous source

materials. Port 104 may serve as an intake port, and port 105 may serve as an outflow

port. One or more pressure or vacuum sources may be fluidly coupled to ports 104

and/or 105 to facilitate flow of gaseous samples through the chambers. In one

embodiment, it is a large rectangular opening which facilitates flow of gaseous

sample, such as air, through the port. The device may include caps, plugs or other

coverings having suitable shapes and characteristics for sealing the openings 104

and 105. The intake port 104 may include a mesh covering to prevent introduction

of larger contaminants or particles into the sample collection chamber 101. For



example, a mesh size may be selected to filter out particulates that are larger than

particulates expected to contain the analyte of interest.

During operation the flow of gaseous source material may be as follows: into the

reservoir 100 through the inlet port 104, through the sample collection chamber 101,

through the filter 103, through the absorbent chamber 102, and out of the device

through the outlet port 105. The target analyte is captured by the filter 103, which is

positioned in this flow path between the sample collection chamber 101 and the

absorbent chamber 102. During operation, fluid 106 may be present in sample

collection chamber 101.

In operation, gas is flowed through the flow path, and target analyte is retained in the

sample collection chamber 101 by the filter 103. A washing liquid 106 is added into

the sample collection chamber to wash the target analyte from the filter. Washing may

be enhanced in some cases, e.g., by mechanical agitation, manual shaking, and the like

to aid in separating analyte from the filter 103. The washing liquid may be selected to

traverse the filter 103 into the absorbent chamber 102, where it may be absorbed by an

absorbent material 107. As the washing liquid 106 traverses the filter 103, the volume

of washing liquid in the sample collection chamber 101 is reduced, and the

concentration of analyte is increased. In some embodiments, the sample collection

chamber 101 may be tapered, e.g., as illustrated in Figure 1, such that the area of a

horizontal cross-section of the sample collection chamber 101 is smaller at the bottom

and larger at the top. Such an arrangement facilitates concentration of analyte into a

smaller sample as the washing liquid 106 is absorbed by the absorbent material 107.

Optional caps or other coverings may be provided to seal the ports 104 and 105 when

not in use. Further, input port may include a filter to screen out unwanted substances,

such as large particulates.

2.2 Analyte Capture and Concentration Device with Test Strip
Chamber

Figure 2 shows a cross section of the sample collection chamber 101 including a test

strip chamber. In addition to the elements described with respect to Figure 1, the figure

illustrates an optional test strip chamber 201 for insertion of a test strip 202. The test

strip chamber 201 is separated from the sample collection chamber by barrier 203. A

valved fluid path 205 couples the sample collection chamber 101 to the test strip

chamber 20 1. In the specific embodiment illustrated in Figure 2, the valved fluid path

comprises soft plastic tubing with one or more ball valves 206.



In an alternative embodiment, the device of the invention may be used to concentrate an

analyte present in a liquid sample. In this embodiment, the port 105 is not necessary.

Liquid sample may be added to sample collection chamber 101, where it traverses filter

103 into the absorbent chamber 102, where it is absorbed by absorbent material 107,

leaving behind in the sample collection chamber 101 a liquid with an increased

concentration of the target analyte.

2.3 Analyte Capture and Concentration Device with Conical Filter

Figure 3 illustrates another embodiment of the invention in which the filter 103 is

generally cone shaped, forming a generally cone shaped sample collection chamber

101, surrounded by the absorbent chamber 102. As described with respect to Figure 2,

a fluid path 205 fluidly couples the sample collection chamber 101 with the test strip

chamber 201.

2.4 Multiple Device Assembly

Figure 4 illustrates an aspect of the invention in which an assembly includes multiple

sample collection and concentration devices of the invention. Any number of the units

can be used together. Two-piece combinations are shown in top view. The back-to-

back combination does not require any base support or legs. Back-to-back modification

allows interconnection of all suction connectors and uses individual units for gas

sampling, by choice, of opening of an individual piece.

2.5 Materials

It will be appreciated that a wide variety of materials may be employed to achieve the

purposes of the invention. Suitable examples are described in the ensuing sections.

2.5.1 Absorbent Material

The type and amount of absorbent material is selected to permit the desired amount of

liquid to be absorbed. The absorbent may be recyclable. The absorbent chamber 102

may include an opening for introduction of the absorbent material 107 into the

absorbent chamber 102. The absorbent may be provided in any suitable form,

including without limitation, sheet, foams, paper-like absorbents, granulated

absorbents, spongy absorbents, etc. In general, absorbents are preferably secured to

prevent granules from escaping from the absorbent chamber. Granulated absorbents



may be secured in a permeable enclosure, such as an inert mesh-like material. The

absorbent may fill part or all of the absorbent chamber 102 and may be attached to the

chamber walls, embedded in the filter 103 and/or one or more of the chamber walls

may be manufactured using the absorbent material.

2.5.2 Filter

The filter 103 may be a filter and/or membrane assembly selected to preferentially

retain analytes of interest in the sample collection chamber. In one embodiment, the

filter 103 is an aerosol filter. The membrane cut-off molecular weight and pore size are

selected to capture the target analyte and with a view to facilitating the desired analysis.

In one embodiment, the filter 103 comprises an upper region which has a large pore

size for capturing aerosols and a lower region with a small pore size for capturing

proteins and viruses, e.g., an upper filter region made from ISOPORE™ filter media

with a pore size of 0.8 microns, and a lower ultrafiltration membrane with a cut-off

molecular weights of 7,500 Da (pore size is about 2-3 nm). The filter media may, for

example, be a hydrophobic plastic material. The ISOPORE™ portion serves as a low-

size air particulate cut-off filter. It is positioned in the upper portion of the reservoir 100

adjacent to the exit port 105. The low molecular weight filter permits liquid to pass

into the absorbent chamber 102 where it can be absorbed, thereby leaving behind a

more concentrated sample. The filter media can include supports, e.g., rib-like

structures or grid structures to maintain the position and/or shape of the filter 103 inside

the device.

2.5.3 Reservoir Materials

Materials are selected based on intended use, and should be sufficiently chemically

and/or biologically inert that they do not unduly interfere with the intended use.

Reservoir body 100 may, for example, be manufactured using transparent acrylic

plastic. Caps may, for example, be rubber-like plastic. Tubing may, for example, be

tygon tubing. It will be appreciated that a wide variety of alternative materials will be

suitable.

2.5.4 Test Strips

Any of a variety of analytical techniques may be employed using concentrated samples

of the invention. In one embodiment, the analytical technique involves the use of a test

strip. Analysis using a test strip can be conducted using a separate strip or a strip



associated with the structure of the disclosed device. In one embodiment, the

concentrated sample is analyzed by immunochromatography, using a test strip that is

either inserted into the device after the concentration step or is an integral part of the

device, mounted on the device itself.

For collecting and processing an aerosol sample using a test strip, this device may be

coupled to the inlet of a deflator, and aerosol particles may be collected on the aerosol

filter. A wash solution may be added. The ports may be closed, and the device may be

shaken to provide agitation. The device may then be maintained in a horizontal

position while washing liquid traverses the filter and absorbs into the absorbent

material. In the preferred method of use, the appropriate port is opened, and an

immunochromatographic test strip is inserted through it into the concentrated sample.

After the process of immunochromatography has completed, the strip is (optionally)

removed from the device and read either visually or using an appropriate reader.

If the device is used for test-strip analysis, the test paper strip can be inserted through

port 104 into the sample collection chamber as a dipstick with visual control of the

result. As an alternative, a separate test strip chamber 201 may be provided, e.g., as

described above with respect to Figure 2.

One or more test strips can be provided for analysis of one or more analytes. The

device may include storage for any additional required reagents. For example, reagents

can be stored in the fluid path 205, shown in Figure 2. A second valve 206 can be

included to retain the reagent in the fluid path 205 prior to initiation of the analytical

procedure.

2.5.5 Base and Packaging

A base or other support, such as side legs or balancing extensions, may be included to

maintain the device in an upright position during use. The device of the invention may

be provided as a single use, disposable, and self-contained article of manufacture.

Appropriate packaging and instructions for use according to the method of the

invention may also be included.

2.6 Analytes

A wide variety of analytes may be concentrated using the sample concentration device

of the invention. Examples of suitable analytes are chemical and biological analytes.
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The Claims

I claim:

1. An apparatus for concentrating a target substance in a liquid, the apparatus

comprising:

(a) a first reservoir comprising one or more inlet openings for introducing

a liquid comprising a target substance and for flowing a gaseous source

material comprising the target substance into the first reservoir; and

(b) a second reservoir separated from the first reservoir by a partition

sufficiently permeable to permit the liquid to traverse the partition

while retaining the target substance in the first reservoir.

2. The apparatus of claim 1 wherein the first reservoir is substantially horizontally

adjacent to the second reservoir.

3. The apparatus of claim 1 wherein the partition is substantially vertically

oriented between the first reservoir and the second reservoir.

4. The apparatus of claim 1 further comprising an absorbent material in the

second reservoir selected to absorb the liquid.

5. The apparatus of claim 1 further comprising one or more outlet openings in the

first and/or second reservoir for flowing the gaseous source material out of the

apparatus.

6. The apparatus of claim 1 wherein the one or more inlet openings is positioned

such that the gaseous source material is introduced directly into the liquid.

7. The apparatus of claim 1 wherein the one or more inlet openings is positioned

such that the gaseous source material is introduced into the atmosphere above

the liquid.

8. The apparatus of claim 1 further comprising a third reservoir separated from the

first reservoir by a liquid flow path controlled by a valve.



9. The apparatus of claim 8 wherein the flow path fluidly couples a bottom region

of the first reservoir with a bottom region of the third reservoir.

10. The apparatus of claim 1 wherein the first fluid reservoir is conically shaped

having an apex oriented in a generally downward direction.

11. A target substance collection assembly comprising an arrangement of

apparatuses of claim 1 coupled together.

12. A method of concentrating a target substance from a gaseous source material

into a liquid sample, the method comprising:

(a) providing an apparatus for concentrating a target substance in a liquid,

the apparatus comprising:

(i) a first reservoir comprising one or more inlet openings for

introducing a liquid comprising a target substance and for

flowing a gaseous source material comprising the target

substance through the first reservoir; and

(ii) a second reservoir separated from the first reservoir by a

partition sufficiently permeable to permit the liquid to traverse

the partition while retaining the target substance in the first

reservoir;

(b) flowing a liquid into the first reservoir;

(c) flowing gaseous source material comprising the target substance into

the first reservoir and into contact with the liquid, thereby permitting

the target substance to be transferred from the gaseous source material

into the liquid;

(d) flowing a portion of the liquid across the partition while retaining at

least a portion of the target substance in the first reservoir, thereby

concentrating the target substance in the first reservoir.

13. The method of claim 12 wherein the first reservoir is substantially horizontally

adjacent to the second reservoir.



14. The method of claim 12 wherein the partition is substantially vertically oriented

between the first reservoir and the second reservoir.

15. The method of claim 12 further comprising absorbing liquid in an absorbent

material in the second reservoir.

16. The method of claim 12 further comprising flowing the gaseous source material

out of the apparatus via one or more outlet openings in the first and/or second

reservoir.

17. The method of claim 12 wherein the one or more inlet openings is positioned

such that the gaseous source material is introduced directly into the liquid.

18. The method of claim 12 wherein the one or more inlet openings is positioned

such that the gaseous source material is introduced into the atmosphere above

the liquid.

19. The method of claim 12 further comprising flowing liquid comprising

concentrated target substance through a liquid flow path into a third reservoir

comprising a test strip.

20. The method of claim 19 wherein the flow path fluidly couples a bottom region

of the first reservoir with a bottom region of the third reservoir.

21. The method of claim 12 wherein the first fluid reservoir is conically shaped

having an apex oriented in a generally downward direction.











A. CLASSIFICATION OF SUBJECT MATTER

GOlS l/22(2006.0l)i, GOW '27/26(2006.01)1, GOlN 1/10(2006.0])!

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

ire 8 GOlN 1/10 , GOiN 1/36, GOlN 33/48, GOlN 30/16, GOlN 30/24. COIN 30/26, COIN 30/88, COIN 30/96, CiOlN 33/IK, G OIN
35/08, COIN 33/49

Documentation searched Other than minimum documentation Io the cxtcnl that such documents are included in (he fields searched
Kore Utility models and appliuUions for Utility Models since 1975

Japanese Utility models n applications for Utility Models since 1975

Klεctroniu at base consulted during the international search (name of data base and, where practicable, search terms ubcil)

eKlPASS (KiPO internal) & keyword*: conccntrdte","mcmbrarte","filter"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation o I"document, with indication, where appropriate, o f the relevant passages Relevant to claim No

JP 08-35922 A (KATL. SPACE DEV- AGENCY JAPAN, MITSUBISHI HEAVY IND. L ID.) 06 J-4, 10, I J

FP.BRUARY 1996

Sec Fig. 1: abstract; paragraphs [00061-[0007J
Y 5

A 6-9,12-21

Y US 2005-01 35973 A l (QUINR D. B.) 23 JUNI-: 2005 5

Sec Figs,, 1-X; abstract; paragraphs [OOF9]-f003JJ

A 1-4, 6-21

Y JP 13-153854 A (JAPAN ORGANO CO. LTD ) OS JUNE 2001 5
Sec Figs. 1, 2, abstract; paragraphs [00191-[0026J

A 1-4, 6-21

A US 5240861 A (BIERI D. Y.) 3 1 AUOUST 1993 1-2 1

See Figs. 1-4; abstract; column 2, line 25 - column 4, line 27

US 6672 135 B2 (ADH.HTTA J (J.) 06 JUNF. 2004 J-2 1

See the whole document

D Further documents are listed n the continuation of Box C Sec patent family annex.

* Special categories nf ciletl document. "T" later document published after the international tiling date or priority
"A" document defining the general -title of the art which is nol considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"F" curlier application or patent but published on Of ft er the iπlernslionaJ "X" document O particubr relevance; the claimed invention cannot be

tiling date considered novel or cannot be umsidcrcd lu involve an inventive
"I . document which may throw doubts on priority clarm(s) Of which is itep when the document is taken alone

cited to establish the publication dule of citation Ot Other "Y" document Of particular relevance, ϋie claimed invention uumot be
special r son (a-, specified) considered to involve an inventive step when the document Ά

"W document referring to uπ oral disclosure, use, exhibition or other combined with one or more other such docume πl_,stιch combination
means being Obvious to αperson skilled in the an

"P" document published pn r to the intonation-- 1filing te hut later "&" document member o f the same patent family
than the pno π ly te claimed

Date o f the actual completion of t e international search Date of mailing of the international search report

28 AUGUST 2008 (28.08.2008) 28 AUGUST 2008 (28.08.2008)
Name and mailing address o f"the 1SΛ/KR Authorized officer

i Korean Intellectual Property Office
- Government Cυmplex-Daejeon, 139 Sconsa-ro, Sw- LEE Chang Ho
. gu, Dticjeon 302-70 1, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8435



.
Information on patent family members PCT/US2008/061223

Patent document Publication Patent family Publication
cited in sea h report date membe s) date

-IP 08-035922 A 06.02.1996 JP 08-035922 06.02.1996

JP 3337323 82 21.10.200?

JP 8035922 A2 06.02.1996

US 2005-135973 A l 23.06.2005 NONE

JP 13-153854 A 08.06,2001 NONE

US 5240861 A 31.08.1993 NONE

US 6672135 B2 06.01.2004 AU 2001-29358 A5 24.07.2001

EP 1251935 A l 30.10.2002

US 2003-192363 A t 16.10.2003

US 2003-192363 AA 16.10.2003

US 6672135 BB 06.01.2004

WO 01-51177 A 1 19.07.2001

WO 2001-51 177A 1 19.07.2001


	front-page
	description
	claims
	drawings
	wo-search-report

