Office de la Propriete Canadian CA 2283781 C 2003/02/18

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 283 781
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1998/03/10 (51) Cl.Int.%/Int.C1.° GO1N 1/00
(87) Date publication PCT/PCT Publication Date: 1998/09/17 | (72) Inventeurs/Inventors:

- _ FIEDLER, ROBERT R., US;
(45) Date de deéelivrance/lssue Date: 2003/02/18 DAVISON DALE A. US
(85) Entrée phase nationale/National Entry: 1999/09/09 L

(73) Proprietaire/Owner:

(86) N demande PCT/PCT Application No.: US 1998/0045/76 ISCO, INC.. US
(87) N® publication PCT/PCT Publication No.: 1998/040717 (74) Agent: MOFFAT & CO.

(30) Priornte/Prionty: 199/7/03/10 (08/814,950) US

(54) Titre : PROCEDE ET DISPOSITIF D'ECHANTILLONNAGE D'EAU AVEC EXTRACTION EN PHASE SOLIDE
54) Title: METHOD AND APPARATUS FOR WATER SAMPLING UTILIZING SOLID PHASE EXTRACTION

m CONTROLLER

Lauip |
| DETECTOR
|

(57) Abrége/Abstract:

A method and apparatus for water sampling utilizing on-site solid phase extraction that permits high sample flow rates anad
eliminates the requirement for sample storage. Samples are collected at a relatively high flow rate and then temporarily stored
under pressure before passing through a solid phase extraction device (40) at a slower rate commensurate with the flow rate
tolerance of the device. Each sample quantity Is also automatically measured, eliminating the requirement for sample storage
and subsegquent manual guantity measurement and/or transportation to a laboratory.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA

PCT

l (51) International Patent Classification 6 .
GOIN 1/00

Al

(21) International Application Number:

(22) International Filing Date: 10 March 1998 (10.03.98)

(30) Priority Data:

08/814,950 10 March 1997 (10.03.97) US

(71) Applicant (for all designated States except US): 1SCO
INC. [US/US]; 531 Westgate Boulevard, Lincoln, NE
685281586 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FIEDLER, Robert, R.
[US/US]; 244 South 38 Street, Lincoln, NE 68510 (US).
DAVISON, Dale, A. [US/US]J; 19401 Davey Road, Green-
wood, NE 68366 (US).

(74) Agent: MULLEN, Martin, G.; Henderson & Sturm, Suite 318,
7101 Mercy Road, Omaha, NE 68106-2619 (US).

(57) Abstract

A method and apparatus for water sampling
utilizing on~site solid phase extraction that permits
high sample flow rates and eliminates the require-
ment for sample storage. Samples are collected
at a relatively high flow rate and then temporar-
tly stored under pressure before passing through a
solid phase extraction device (40) at a slower rate
commensurate with the flow rate tolerance of the
device. Each sample quantity is also automatically
measured, eliminating the requirement for sample
storage and subsequent manual quantity measure- |
ment and/or transportation to a laboratory. |

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(11) International Publication Number:

(43) International Publication Date:

PCT/US98/04576 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, |

I R

(54) Title: METHOD AND APPARATUS FOR WATER SAMPLING UTILIZING SOLID PHASE EXTRACTION

Lauip |
1 DETECTOR
|

02283781 1999-09-09

WO 98/40717

17 September 1998 (17.09.98)

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, LT, LU,
LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO,
RU, SD, SE, S@G, SI, SK, SL, T], TM, TR, TT, UA, UG,
US, UZ, VN, YU, ZW, ARIPO patent (GH, GM, KE, LS,
MW, 8D, SZ, UG, ZW), Eurasian patent (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, |
DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML,
MR, NE, SN, TD, TG).

Published

With international search report.

CONTROLLER

T A 1 14 UL s e T OV L i (N P B MO e 4 VS AT = T

TV T AT AN L i, i e G KA U N e O ML LT



10

15

CA 02283781 1999-09-09

WO 98/40717 PCT/US98/04576

METHOD AND APPARATUS FOR WATER SAMPLING
UTILIZING SOLID PHASE EXTRACTION

CROSS-REFERENCE TO RELATED APPLICATIONS
Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to water samplers, and more particuiarly to automatic

water samplers utilizing on-site solid phase extraction for removing analytes from

samples of interest.
Description of the Related Art

Sampling of rivers, lakes, wells, and wastewater systems for various
contaminants such as pesticides is a well known way of monttoring the pollution of our
natural resources Prior art environmental sampling and analysts involves collecting large
quantities of water sample in the field and then transporting the samples to a laboratory

for subsequent analysis by liquid-liquid extraction. Liquid-liquid extraction, which
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requires the use of significant quantities of hazardous and expensive organic solvents that
must be properly discarded afier use, is generally been replaced by solid phase
extraction. Solid phase extraction involves passing the water sample through a sorbent
bed or membrane and then washing the trapped analyses from the bed or membrane with
a much smaller quantity of solvent for subsequent analysis. Laboratory extraction and
analysis, however, still requires that large quantities of samples be collected and then
refrigerated or iced to prevent sample degradation prior to and during transportation to
the laboratory. U.S. Patent No. 5,167,802 issued to Sandstrom et al. attempts to
alleviate the degradation problem by accomplishing the solid phase extraction in the field,
at the time of sampling. Unfortunately, the shipment of large quantities of collected
water to the laboratory is still required to determine sampling volumes. Further. the
solid phase extraction apparatus of the '802 patent limits the sampling rate to the

maximum flow rate of the extraction cartridge or membrane in use.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a method for water sampling utilizing on-site
solid phase extraction that permits high sample collection rates and eliminates the
requirement for sample storage and subsequent transportation to the laboratory.
Samples are collected at a relatively high flow rate and then temporarily stored under
pressure before passing through a solid phase extraction device at a slower rate
commensurate with the devices flow rate tolerance. Each sample quantity is also
automatically measured, eliminating the requirement for sample storage and subsequent
manual quantity measurement and/or transportation to a laboratory.

The present invention also relates to an apparatus for sampling water utilizing
solid phase extraction. A sample pump, controlled by a controller, is provided for
withdrawing a water sample from a body of water to be sampled. A temporary storage
chamber is in fluid communication with the sample pump. A solid phase extraction
device, in fluidd communication with the temporary sample storage chamber, is provided

for extracting an analyte from the water sample. The apparatus can aiso include a liquid
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Other objects, advantages, and novel features of the present invention will
become apparent from the following detailed description of the invention when
considered in conjunction with the accompanying drawings, wherein:

FIG. 1 1s a block diagram of a water sampler constructed in accordance with the

present invention:

FIG. 2 1s a diagrammatic view of a storage device, disk holder, and collection
bottle of a first embodiment of the present invention;

F1G. 3 1s a diagrammatic view of a storage device, disk holder, and sample
measurement device of a second embodiment of the present invention;

FIG. 4 is a diagrammatic view of a storage device, disk holder, and sample
measurement device of a third embodiment of the present invention;

FIG. 5 1s a diagrammatic view of a storage device, disk holder, and sample
measurement device of a fourth embodiment of the present itnvention; and

FIG. 6 is a diagrammatic view of a storage device, disk holder, and sample

measurement device of a fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, wherein like reference numerals designate
identical or corresponding parts throughout the several views, FIG. | depicts a block
diagram of the water sampling apparatus of the present invention. The sampling
apparatus includes a sample inlet line 12 which passes through a liquid detector 14 and
Lo a reversible peristaltic pump 16. The pump 16 1s under the control of a programmable
controller 20, which permits sampling and purging at numerous user-definable

parameters. The controller 20 receives a signal from the liquid detector 14 as to the

presence or absence of a water sample entering or exiting the pump 16 as will be
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described further below. The controlier 20 also receives data from a sensor 22 to be

[urther described below.

Water sample passes {rom the pump 16 through a sample line 24 to a purge valve
26. When a sample is to be taken, the pump 16 initially draws air through the intake line
12, into the sample line 24, and out the vent 28 of the purge valve 26. When the water

sample reaches the purge valve 26, the check ball 30 floats up to close the vent 28 and

sample continues through the apparatus. Aler sample collection, the pump 16 1s

reversed and draws air into the purge valve 26 through the vent 28, purging that portion

of the invention upstream of the purge valve.

After passing through the purge valve 26, the water sample passes through a
filter 34 for removal of particulate matter from the samhlg to prevent obstruction of the
solid phase extraction device 40. The sainple then enters a temporary sample storage
device 36, described in more detail below, where it is pressurized by the pump 16. This
temporary storage allov‘;rs for sample collection at a flow rate which exceeds the
maximum {low capability of the solid phase extraction device 40. Under the influence of
the pressure build-up within the storage device 36, the sample flows through a solid
phase extraction device 40, which in a preferred embodiment utilizes a 47 mm Empore™

solid phase extraction disk 38 manufactured by 3M=. A solid phase extraction cartridge,

also well known n the art, would be suitable as well.

After extraction, the water sample flows through an outlet line 42 and to either a
collection bottle 44 or a sample quantity measurement device 60 (Fig. 3), or is

discharged to waste, depending on the particular embodiment.

Relerring now also to Iig. 2, a {irst embodiment of the temporary sample storage

)

device 36 1s depicted and is seen to comprise a compression chamber 36a, a one-way

check valve 52 at the input point of sample line 24, and an elongate output tube 54. In

this particular embodiment, the controller 20 activates the pump 16 at a programmed
time and, upon detection of the presence of the water sample by the liquid detector 14,

will command the pump to operate for an addilional predetermined number of cycles or

an addihonal predetermined period of time. The water sample will then pass through the
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lter 34, and past the check valve §2 Into the compression

chamber 36a where it acts (o compress the air 56. When the pump 16 has completed its

predetermined number of cycles or pumping time. and has thereby pumped a

measurement of total sample quantity passed through the invention.

A second embodiment

It should be obvious to one skilled in

the art that any precise quantity measurement device may be substituted for the rain-
gauge apparatus depicted.

A third embodiment of the invention is depicted in Fig. 4 in which the sensor 22

of Fig. 1 is comprised of a float 66 and switch.68 for precision measurement of water

sample quantity passing through the invention
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A fourth embodiment of the invention is depicted in Fig. 5 wherein the temporary
sample storage device 36b 1s comprised of an elastic tube 70 contained within a vented
housing 72. As water sample 1s pumped into the elastic tube 70 as previously described,
the expanding tube puts the sample under pressure which is measured by a pressure
sensor 74. At a predetermined pressure, the pressure sensor 74 signals the controller 20
to shut off the pump 16, and the pressurized water sample is then forced through the
solid phase extraction device 40. The quantity of water sample passed through the
invention may then be determined from the known pressure-expansion ratio of the elastic
tube 70.

A fifth embodiment of the invention is depicted in Fig. 6 wherein the temporary
sample storage device 36¢ is comprised of a vented housing 80 having a moveable wall
82 responstve to the pressurized water sample build up therein. In this embodiment, the
pump 16 is turned on by the controlter 20 for a predetermined number of cycles or
pertod of time, known to be in excess of that required to fill and pressurize the sample
storage device 36c. When the storage device reaches its predetermined quantity (and
therefore pressure) level, a pressure-sensitive bypass valve 84 bleeds water sample to
waste until the pump 16 is shut off by the controiler 20. The pressurized water sample is
then slowly forced through the solid phase extraction device 40 as previously described.

It should be obvious to one skilled in the art that the various embodiments of the
temporary sample storage device 36 of the invention and the various embodiments of the
sample quantity measurement Sensors and devices 22, 60 of the invention may be
used in numerous combinations to provide a high collection rate, low extraction rate
sampler that eliminates the requirement for water sample collection after extraction.

Although several exemplary embodiments of the invention have been described in
detail above, those skilled in the art will readily appreciate that many modifications are
possible without materially departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to be included within the

scope of this invention as defined in the following claims.
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In the claims, means-plus-function clauses are intended to cover the structures
described herein as performing the recited function and not only structural equivalents
but also equivalent structures. Thus although a nail and a screw may not be structural
equivalents in that a nail employs a cylindrical surface to secure wooden parts together,

whereas a screw employs a helical surface, in the environment of tastening wooden parts,

a nail and a screw may be equivalent structures.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for sampling water utilizing solid phase extraction comprising the steps
of:

(a) quickly withdrawing a water sample from a body of water to be sampled at
a collection flow rate within a first period of time;

(b) storing said water sample under pressure 1n a pressure chamber; and

(¢) slowly passing said water sample from said pressure chamber through a
solid phase extraction device having a maximum flow rate capability which is lower than
said collection flow rate within a second period of time, said second perod of time being

longer than said first period of time.

2. The method of Claim 1, and further comprising the step of automatically
determining the quantity of water sample passed through said solid phase extraction

device.

3. An apparatus for sampling water utilizing solid phase extraction comprising:

(a) a controller;

(b)  asample pump, controlled by said controller, for withdrawing a water
sample from a body of water to be sampled at a collection tlow rate;

(c) a sample accumulator in fluid communication with said sample pump; and

(d) solid phase extraction means in fluid communication with said sample
accumulator for extracting an analyte from said water sample, said solid phase extraction
means having a maximum flow rate capability which is lower than said sample collection

flow rate of said sample pump.

4, The apparatus of Claim 3, further comprising a liquid detector for signaling said

controller when a water sample 1s present at said sample pump.

5. The apparatus of Claim 4, further comprising a tipping bucket gauge disposed to
automatically determine a quantity of water sample passed through said solid phase

extraction device.
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6. The apparatus of Claim 3, further comprising a tipping bucket gauge disposed to

automatically determine a quantity of water sample passed through said solid phase

extraction device.

7. An apparatus for sampling water utilizing solid phase extraction comprising:

(a) a computer;

(b) a sample pump, controlled by said computer for withdrawing a water
sample from a body of water to be sampled;

(¢) a sample accumulator in fluid communication with said sample pump;

(d) a solid phase extraction device in fluid communication with said sample
pump, for extracting an analyte from said water sample, said solid phase extraction means
having a maximum flow rate capability which 1s lower than said sample collection tlow
rate of said sample pump; and

(€) a tipping bucket gauge disposed to automatically determine a quantity of

water sample passed through said solid phase extraction device.

8. The apparatus of Claim 7, further comprising a liquid detector for signaling said

computer when a water sample is present at said sample pump.
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