wo 2012/129734 A1 [N 000 0O 0RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/129734 Al

4 October 2012 (04.10.2012) WIPO I PCT

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

International Patent Classification:
GOIN 33/00 (2006.01)

International Application Number:
PCT/CN2011/000566

International Filing Date:
1 April 2011 (01.04.2011)

Filing Language: English
Publication Language: English

Applicant (for all designated States except US): GENER-
AL ELECTRIC COMPANY [US/US]; 1 River Road,
Schenectady, NY 12345 (US).

Inventors; and

Inventors/Applicants (for US only): DENG, Shouquan
[CN/CN]; 1800 Cai Lun Road, ZhangJiang Hi-Tech Park,
Shanghai, 201203 (CN). HUANG, Xiaoping [CN/CN];
1800 Cai Lun Road, ZhangJiang Hi-Tech Park, Shanghai,
201203 (CN). CONWAY, Gragory B. [US/US]; 6060
Spine Road, RD & E, Boulder, Colorado 80301 (US).
NING, Guohua [CN/CN]; 1800 Cai Lun Road, ZhangJi-
ang Hi-Tech Park, Shanghai, 201203 (CN). HUANG, Jin
[CN/CN]; 1800 Cai Lun Road, ZhangJiang Hi-Tech Park,
Shanghai, 201203 (CN). SHEN, Jie [CN/CN]; 1800 Cai
Lun Road, Zhangliang Hi-Tech Park, Shanghai, 201203
(CN). KRISHER, Gregory Sherman [US/US]; 6060
Spine Road, RD & E, Boulder, Colorado 80301 (US).
SUN, Chaoe [CN/CN]J; 1800 Cai Lun Road, Zhangliang
Hi-Tech Park, Shanghai, 201203 (CN). LUOQO, Chen

[CN/CN]; 1800 Cai Lun Road, ZhangJiang Hi-Tech Park,
Shanghai, 201203 (CN).

(74) Agent: CHINA PATENT AGENT (H.K.) LTD.; 22/F,

Great Eagle Centre, 23 Harbour Road, Wanchai, Hong
Kong (CN).

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

(54) Title: METHOD AND APPARATUS FOR CARBON DIOXIDE REMOVAL IN AQUEOUS SAMPLE BY IN-VIAL SPAR-
GING FOR TOC MEASUREMENT

10\
12 14 16
N N 5

Gas
Supply

- Regulator —= Restrictor

24

‘\
TOC
Measuring
Device
28
3-Way N 40
Valve 6 0
18 | [, —30 w
~42
Controller ~-32
c Solla®
26 (:. 00 44
2077 LoV
s° L 22
-
34
FIG. 1

(57) Abstract: A method for an in-vial sparging process and measuring process is provided. The method includes providing a vial
having an aqueous sample contained therein. The aqueous sample is then acidified to convert the carbonate and bicarbonate to car -
bon dioxide (C02). A purge gas is then injected into the aqueous sample to perform an in-vial sparging process. A portion of the
aqueous sample is then transferred to a TOC measuring device to measure the amount of total organic carbon in the sparged sample.
The TOC measuring device then produces an output from that indicates the amount of total organic carbon within the aqueous
sample after the in-vial sparging process.
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METHOD AND APPARATUS FOR CARBON DIOXIDE REMOVAL IN
AQUEOUS SAMPLE BY IN- VIAL SPARGING FOR TOC MEASUREMENT

FIELD OF THE INVENTION

[0001] This invention relates generally to the method and apparatus of sparging an

aqueous sample so as to precisely measure the remaining total organic carbon (TOC).

BACKGROUND OF THE INVENTION

[0002] Total organic carbon (TOC) is a well-established water quality parameter that
quantifies the overall concentration of organic substances, all of which are typically
regarded as contaminants. In most water (or any other aqueous) samples, such as
drinking water, raw water, wastewater, industrial process streams, and the like, the total
carbon (TC) is the sum of the amount of total organic carbon (TOC) and the amount of
inorganic carbon (IC) present in the sample. It is typically not analytically possible to
measure only the amount of organic carbon when there is also inorganic carbon present in
the sample. Thus, general measuring techniques measure the amount of total carbon in
the sample, the amount of inorganic carbon in the sample, and then calculate the
difference therebetween to determine the amount of organic carbon.

[0003] One potential problem regarding TOC analysis is where the concentration of
IC is significantly greater than the concentration of TOC. For example, a TOC/IC ratio
less than 0.10 (<0.1) is considered a high concentration of IC relative to TOC. Such a
high ratio and concentration of IC in samples will cause IC and TOC measurements to be
unstable. If the IC is not removed from a sample of a fluid prior to performing aTOC
measurement on the fluid sample, a false positive test relating to the level of TOC may
occur.

[0004] The inorganic carbon can be removed from the aqueous sample through a
sparging process. Inorganic carbon is typically the result of dissolved limestone or
bicarbonate. An exemplary sparging process involves acidifying the aqueous sample to
convert the carbonates and bicarbonates into free carbon dioxide (CO;). The carbon
dioxide is then degassed from the aqueous sample by pumping a CO-free gas into the

aqueous sample to remove the inorganic carbon present therein, leaving only the organic
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carbon. The amount of remaining organic carbon can then be measured. However,
typical sparging processes need a special and costly sparger in a TOC device together
with a mixer, a purge gas distributor, and the like, which together consumes a large
volume of purge gas.

[0005] A need therefore exists for a less costly process and apparatus for sparging to
remove inorganic carbon from an aqueous sample prior to a TOC measurement. A need
also therefore exists for a system that is capable of performing in-vial sparging to remove

IC in the aqueous sample so as to obtain highly accurate and precise TOC measurements.

BRIEF SUMMARY OF THE INVENTION

[0006] In an aspect of the present invention, a method for measuring an amount of
total organic carbon in an aqueous sample is provided. The method includes providing a
vial having the aqueous sample contained therein. The method further includes
acidifying the aqueous sample. A purge gas is then injected into the aqueous sample to
perform an in-vial sparging process. A measuring device for measuring an amount of
tbtal organic carbon in the aqueous sample is provided. A portion of the aqueous sample
is transferred to the measuring device. The amount of total organic carbon in the
transferred portion of the aqueous sample is measured. An output from the measuring
device that indicates the amount of total organic carbon within the aqueous sample after
the in-vial sparging process is produced.

[0007] In another aspect of the method above, the purge gas is injected into the
aqueous sample at a rate of between about twenty milliliters per minute (20 mL/min) and
five hundred milliliters per minute (500 mL/min).

[0008] In another aspect of the method above, the purge gas is injected into the
aqueous sample at a rate of about one hundred milliliters per minute (100 mL/min).
[0009] In another aspect of the method above, the purge gas is injected into the
aqueous sample for between about two minutes (2 min) and twenty minutes (20 min).
[0010] In another aspect of the method above, the purge gas is injected into the
aqueous sample for about three minutes (3 min).

[0011] In another aspect of the method above, the purge gas is injected into the

aqueous sample at a rate of between about one hundred milliliters per minute (100
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mL/min) and one hundred fifty milliliters per minute (150 mL/min) for about three
minutes (3 min).

[0012] In another aspect of the method above, the purge gas is injected into the
aqueous sample to perform a second in-vial sparging process.

[0013] In another aspect of the method above, thirty-five milliliters (35 mL) of the
aqueous sample is disposed within said vial.

[0014] In another aspect of the method above, the purge gas is injected into the vial at
a pressure of between about one pounds per square inch (1 psi) and seven pounds per
square inch (7 psi).

[0015] In another aspect of the method above, the sparging process includes injecting
the purge gas into the vial at a pressure of between about three pounds per square inch (3
psi) and three-and-a-half pounds per square inch (3.5 psi).

[0016] In another aspect of the method above, acidifying the aqueous sample
comprises introducing phosphoric acid (H;POy) into the aqueous sample.

[0017] In another aspect of the method above, acidifying the aqueous sample
comprises reducing the pH level of the aqueous sample to less than about 4 pH.

[0018] In another aspect of the method above, the purge gas is one of nitrogen gas
(N2), zero gas (comprising 20% O, and 80% Ny), and a non-CO, gas.

[0019] In yet another aspect of the present invention, a method for performing an in-
vial sparging process is provided. The method also includes providing a vial having the
aqueous sample contained therein. The aqueous sample is acidified in the vial. A purge
gas is injected into the aqueous sample in said vial to volatilize carbon dioxide (CO2)
contained within the aqueous sample. The volatilized carbon dioxide is removed from
the vial. |

[0020] In still another aspect of the present invention, an apparatus for performing an
in-vial sparging process and measuring process is provided.. The apparatus includes a
pressure regulator fluidly connected to a purge gas supply. A restrictor is fluidly
connected to the pressure regulator, and the restrictor is configured to receive purge gas
from the pressure regulator. A three-way valve is fluidly connected to the restrictor. A
TOC measuring device is fluidly connected to the three-way valve, and a vial for

receiving an aqueous sample is fluidly connected to the three way valve.
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[0021] Advantages of the present invention will become more apparent to those
skilled in the art from the following description of the embodiments of the invention
which have been shown and described by way of illustration. As will be realized, the
invention is capable of other and different embodiments, and its details are capable of

modification in various respects.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0022] These and other features of the present invention, and their advantages, are
illustrated specifically in embodiments of the invention now to be described, by way of
example, with reference to the accompanying diagrammatic drawings, in which:

[0023] FIG. 1 is a schematic diagram of an exemplary embodiment of an in-vial
sparging system.

[0024] FIG. 2 is an exemplary embodiment of the tip of a needle for use in the in-vial
sparging system of FIG. 1.

[0025] FIG. 3 is a schematic diagram of an exemplary in-vial sparging and measuring
process of the present invention.

[0026] FIG. 4A is a graphical representation of test results comparing sparging time
relative to concentration of inorganic carbon and inorganic carbon removal rate with a
starting inorganic carbon concentration of 100 ppm.

[0027] FIG. 4B is a table of the test results forming the basis of the chart in FIG. 4A.
[0028] FIG. 5A is a graphical representation of test results comparing sparging time
relative to concentration of inorganic carbon and inorganic carbon removal rate with a
starting inorganic carbon concentration of 5.9 ppm.

[0029] FIG. 5B is a table of the test results forming the basis of the chart in FIG. 5A.
[0030] FIG. 6A is a graphical representation of test results comparing sparging time
relative to concentration of inorganic carbon and inorganic carbon removal rate with a
starting inorganic carbon concentration of 680 ppb.

[0031] FIG. 6B is a table of the test results forming the basis of the chart in FIG. 6A.
[0032] FIG. 7A is a graphical representation of test results comparing sparging time

relative to gas flow rate of a purge gas relative to the removal rate of inorganic carbon.
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[0033] FIG. 7B is a table of the test results forming the basis of the chart in FIG. 7A
in addition to total volume of purge gas used for the sparging process.

[0034] It should be noted that all the drawings are diagrammatic and not drawn to
scale. Relative dimensions and proportions of parts of these figures have been shown
exaggerated or reduced in size for the sake of clarity and convenience in the drawings.
The same reference numbers are generally used to refer to corresponding or similar
features in the different embodiments. Accordingly, the drawing(s) and description are to

be regarded as illustrative in nature and not as restrictive.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0035] Referring to FIG. 1, an exemplary embodiment of an in-vial sparging and
measuring system 10 is shown. The system 10 includes a gas supply 12 for providing a
purge gas. The purge gas is used to remove the inorganic carbon within an aqueous
sample. In an embodiment, the gas supply can be any purge gas, such as nitrogen gas
(N2) or zero gas (composed of 20% O and 80% N3). It should be understood by one of
ordinary skill in the art that the purge gas can be any other gas for the oxidization of the
inorganic carbon in an aqueous sample. In an embodiment, the gas supply 12 supplies
the purge gas at a pressure of between about twenty and two hundred pounds per square
inch (20-200 psi). Typically, the gas supply 12 supplies the purge gas at more than thirty
pounds per square inch‘(>30 psi). The gas supply 12 is operatively connected to a
pressure regulator 14.

[0036] In the embodiment illustrated in FIG. 1, the pressure regulator 14 is
configured to receive the purge gas from the gas supply 12. The pressure regulator 14 is
configured to regulate the pressure of the gas exiting therefrom. In an exemplary |
embodiment, the pressure regulator 14 reduces the incoming gas pressure to provide an
outgoing gas pressure of about thirteen pounds per square inch (13 psi). It should be
understood by one of ordinary skill in the art that the pressure regulator 14 can be
configured to step down the incoming gas pressure so as to provide an outgoing gas
pressure of between about three to fifteen pounds per square inch (3-15 psi), or provide

an outgoing pressure that is at any pressure less than the pressure of the gas introduced
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into the pressure regulator 14. In an embodiment, the pressure regulator 14 is operatively
connected to a restrictor 16.

[0037] As illustrated in the embodiment of FIG. 1, the restrictor 16 receives the purge
gas at the reduced pressure from the pressure regulator 14. The restrictor 16 is |
configured to control the gas flow rate exiting therefrom. The gas flow rate from the
restrictor 16 has a direct effect on the rate of removal of the inorganic carbon within the
aqueous sample. While it may be ideal to maximize the gas flow rate from the restrictor
16, the cost of any unnecessary or additional purge gas used for the sparging process may
negatively offset the cost advantages resulting from the in-vial sparging and measuring
system 10. Thus, it is important to determine the optimal gas flow rate and length of time
for supplying the purge gas to the aqueous sample necessary to produce the pre-
determined amount of removal of inorganic carbon within the sample while using the
minimum total amount of purge gas. It should be understood that process conditions may
fluctuate, so one skilled in the art may configure the system 10 to provide a small amount
of additional purge gas over the minimum to ensure the desired amount of inorganic
carbon removal efficiency is achieved. In an embodiment, the restrictor 16 is formed of a
tube (not shown) extending between the regulator 14 and a three-way valve 18. The
dimensions of the tube can be configured to produce a pre-determined gas flow rate
therethrough based upon a given gas pressure supplied by the regulator 14.

[0038] During testing of the present in-vial sparging and measuring system 10, a 2.56
inch polyetheretherkeytone (PEEK®) tube having an inside diameter of 0.009 inches was
used to connect the pressure regulator 14 and the three-way valve 18, thereby acting as a
gas flow restrictor 16 to provide a desired gas flow rate therefrom. In another
embodiment, the restrictor 16 can be a gas flow restrictor valve having an orifice that is
sized and shaped to provide a pre-determined gas flow rate therefrom with a regulated
gas pressure introduced thereto. It should be understood by one of ordinary skill in the
art that any gas flow restrictor commonly known in the art configured to provide a given
gas flow rate of purge gas therefrom can be used. In an embodiment, the restrictor 16 is
configured to produce a resulting gas flow rate of between about ten milliliters per minute
to about three hundred milliliters per minute (10-300 mL/min). In another embodiment,

the restrictor 16 is configured to produce a resulting gas flow rate of between about sixty
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and one hundred fifty milliliters per minute (60-150 mL/min). In yet another
embodiment, the restrictor 16 is configured to produce a resulting gas flow rate of
between about one hundred ten and one hundred thirty milliliters per minute (110-130
mL/min). It should be understood by one of ordinary skill in the art that the restrictor 16
can be configured to provide any pre-determined gas flow rate or range of gas flow rates
to the three-way valve 18. During recent testing, it was determined that the purge gas
flow rate is sensitive to the pressure of the purge gas flowing from the three-way valve 18
to the vial 20. In an embodiment, the pressure of the purge gas exiting the restrictor 16
and passing through the three-way valve 18 to be introduced into the vial 20 during the
purging process is between about one pound per square inch (1 psi) and about seven
pounds per square inch (7 psi). In another embodiment, the pressure of the purge gas
exiting the restrictor 16 and passing through the three-way valve 18 to be introduced into
the vial 20 during the purging process is between about three pounds per square inch (3
psi) and about three-and-a-half pounds per square inch (3.5 psi).

[0039] In the embodiment shown in FIG. 1, a three-way valve 18 is operatively
connected to the restrictor 16 to receive purge gas from the gas supply 12 for selectively
controlling three distinct flow regimes through the valve. The three-way valve 18 is also
fluidly connected to a vial 20 configured to receive and contain an aqueous sample 22.
The three-way valve 18 is further fluidly connected to a total organic carbon (“TOC”)
measuring device 24 that is configured to measure the total organic carbon in a fluid.
The three distinct flow regimes of the three-way valve 18 include: (1) a first position for
introduction of purge gas into the vial 20 for an in-vial sparging process, (2) a second
position for transfer a portion of the sample 22 to the TOC measuring device 24 for a
measuring process, (3) and a third position that is a closed position through which no
fluids pass. Although the exemplary embodiment illustrated in FIG. 1 shows the three-
way valve 18 being fluidly connected to a single vial 20, it should be understood by one
of ordinary skill in the art that the three-way valve 18 may be connected to any number of
vials 20 or other containers configured to receive and contain an aqueous sample to be
sparged and measured. It should further be understood by one of ordinary skill in the art
that the system 10 can be configured such that the three-way valve 18 can be fluidly

connected to a single vial 20 or other container or device, simultaneously fluidly
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connected to a plurality of vials 20, or sequentially fluidly connected to a single or a
plurality of vials 20.

[0040] In an embodiment, the three-way valve 18 is manually controllable. In
another embodiment, the three-way valve 18 is electronically controllable. In yet another
embodiment, the three-way valve 18 is controllable by a controller 26, computer, or
electronic system. For example, the three-way valve can be a valve having serial number
075MP24-32-4M manufactured by Bio-Chem Fluidics of Boonton, New Jersey or a valve
having serial number CTV-3-1/4 UKG manufactured by Takasago of Tokyo, Japan. It
should be understood by one of ordinary skill in the art that the three-way valve can be
any mechanism capable of providing three distinct flow regimes that are selectively
controllable in any manner.

[0041] In an embodiment, the three-way valve 18 is connected to a one-sixteenth inch
(1/16 in) tube 28, which is connected to a needle 32 that is insertable through the opening
30 and into the vial 20. If a sample 22 is present within the vial 20, a tip 34 of the needle
32 is positioned near the bottom surface of the vial 20. While the tip 34 may be
positioned at any location within the vial 20, the tip 34 is preferably positioned adjacent
to the bottom surface of the vial 20 such that when the purge gas is introduced into the
sample 22, the distance that bubbles of the purge gas must travel through the sample 22
to the surface of the sample maximizes the amount of volatilization produced by the
bubbles of purge gas. Recent tests have shown that the depth at which the tip of the
needle is positioned within the vial does not have a significant effect on the inorganic
carbon removal efficiency. In an embodiment, the vial 20 includes a cap 36 that seals the
opening 30 thereof. Accordingly, the tip 34 of the needle 32 is configured to penetrate
the cap 36 while maintaining the seal between the contents of the vial 20 and the ambient
environment. In another embodiment, the vial 20 does not include a cap such that the
contents of the vial 20 are exposed to the ambient environment surrounding the vial 20.

It should be understood by one of ordinary skill in the art that the three-way valve 18 may
be fluidly connected to the vial 20 by way of a tube (not shown) that is simply
immersible into the vial 20. The tube may be integrally formed with the cap 36 or may

be immersible through an uncapped opening 30.
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[0042] In an embodiment, the vial 20 is capable of holding between about two to two
hundred fifty milliliters (2-250 mL) therein. In another embodiment, the vial 20 is
capable of holding between about twenty to one hundred milliliters (20-100 mL) therein.
In yet another embodiment, the vial 20 is capable of holding about forty milliliters (40
mL) therein. It should be understood by one of ordinary skill in the art that the vial 20
should be sized to receive a sufficient volume of an aqueous sample 22 therein to allow
an in-vial sparging process and subsequent TOC measurement of a portion of the aqueous
sample 22.

[0043] In the embodiment illustrated in FIG. 1, the needle 32 is introducible into the
vial 20 through the opening 30 thereof. In another embodiment, the needle 32 is
integrally formed with the cap 36 so as to maintain a seal between the needle 32 and the
cap 36 to prevent any fluid leakage therebetween. As illustrated in FIG. 2, the needle 32
is configured to have at least one hole 38 formed therein. In an embodiment, the needle
32 includes a single hole 38 through the tip 34 for allowing the purge gas from the three-
way valve 18 to be released therethrough. In another embodiment, the needle 32 includes
two or more holes 38 formed therein for allowing the purge gas from the three-way valve
18 to be released therethrough. In yet another embodiment, the needle 32 includes
twenty-four (24) holes 38 formed along the axial length thereof. It should be understood
by one skill in the art that the needle 32 may include any number of holes 38 formed
therethrough to allow the purge gas to be introduced into the sample 22 contained in the
vial 20 for an in-vial sparging process. Through testing, it was determined that having
multiple holes formed through the needle 32 was preferable to a single hole formed
therethrough for delivering purge gas to the aqueous sample. When the same gas flow
rate is used, a needle having the plurality of holes formed therethrough produced a larger
quantity of smaller bubbles which, in turn, increased the amount of surface area of purge
gas that contacts the aqueous sample. The increased surface are of purge gas bubbling up
through the aqueous sample increased the removal rate of inorganic carbon from the
aqueous sample. Through testing, it was also determined that the inorganic carbon
removal efficiency is independent upon the depth of the needle 32 within the vial 20.
[0044] In the embodiment illustrated in FIG. 1, a vent needle 40 is configured to

concentricélly surround a portion of the needle 32 adjacent to the opening 30 of the vial
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20. In an embodiment, the vent needle 40 has the same cross-sectional shape as the
needle 32. The vent needle 40 is adapted to surround the needle 32 in a substantially
concentric manner, having a small gap between the inner surface of the vent needle 40
and the outer surface of the needle 32 to allow gas or liquid to vent through the gap
between the vent needle 40 and the needle 32. In an embodiment, the vent needle 40 is
operatively connected to the cap 36 attached to the opening 30 of the vial 20 and provides
a seal between the vent needle 40 -and the cap 36 to prevent any fluids to escape the vial
20. In another embodiment, the vent needle 40 is operatively connected to the cap 36 ata
position adjacent to the needle 32 without surrounding the hose. The vent needle 40 is
operatively and fluidly connected to the vial 20 as well as a buffer container 42 which is
configured to receive an overflow of the aqueous sample 22 as well as the gaseous
byproducts of an in-vial sparging process. The buffer container 42 also acts to balance
the pressure within the vial 20 during an in-vial sparging process. The buffer container
42 can also isolate inorganic carbon and total organic carbon in ambient air and prevent
them from dissolving back into the aqueous sample.

[0045] As shown in FIG. 1, a beaker 44 is fluidly connected to the buffer container
42. When the three-way valve 18 is opened during an in-vial sparging process to
introduce purge gas into the vial 20, a small portion of the aqueous sample 22 may escape
through the vent tubing 40, which passes through the buffer container 42 and is collected
in the beaker 44.

[0046] FIG. 3 illustrates a schematic of an exemplary embodiment of an in-vial
sparging and measuring process 11. In a first step 60, an aqueous sample 22 is collected
in a container such as a vial 20, a bottle, tube, or any other device for containing a fluid.
In an embodiment, the vial 20 is open such that the aqueous sample is continually
exposed to the ambient environment. In another embodiment, the vial 20 is closed such
that the aqueous sample 22 is sealed from the ambient environment. The aqueous sample
22 is acidified to a pH level less than about 4 pH by adding an acid such as phosphoric
acid (H3POu)that causes the inorganic carbon within the aqueous sample to produce
carbon dioxide (CO,). In an embodiment, this acidification can be done during the
collection of the aqueous sample in the vial 20 or at any other time prior to injecting the

purge gas during an in-vial sparging process.
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[0047] Once the aqueous sample 22 is collected in the vial 20, the vial 20 is then
placed into a device for receiving the vial 20 and securing the vial 20 therein. If the
sparging and measuring processes are to be conducted on the aqueous sample 22 in an
open vial 20, the needle 32, tube, or other means for injecting purge gas into the aqueous
sample 22 is attached such that the purge gas transfer means is submerged within the
aqueous sample 22. If the sparging and measuring processes are to be conducted on the
aqueous sample 22 in a closed vial 20, the cap 36 can either now be secured to the vial 20
or the cap 36 may have been previously attached thereto when the aqueous sample 22
was introduced into the vial 20.

[0048] Once the vial 20 containing the aqueous sample 22 is secured the means for
transferring purge gas into the vial 20 and for removing a portion of the aqueous sample
22 therefrom is fluidly connected to the vial 20. In an embodiment, a needle 32 is
inserted through the cap 36 of the vial 20 and the tip 34 is submerged in the aqueous
sample 22. In another embodiment, a tube is disposed within the vial and is submerged
in the aqueous sample 22. Once the means for injecting a purge gas into the vial 20 is
fluidly connected thereto, an in-vial sparging process can be performed on the aqueous
sample 22 contained within the vial 20.

[0049] In a second step 62, as illustrated in FIG. 3, the in-vial sparging process is
performed. The in-vial sparging process includes providing a purge gas to the regulafor
14 to control the gas pressure of the purge gas which then passes through the restrictor 16
to control the flow rate of the purge gas. The in-vial sparging process begins when the
three-way valve 18 is selectively switched from a third position in which the valve is
closed to a first position that allows the purge gas to be directed through the needle 32,
and then exit the hole or holes 38 formed through the needle 32 to result in the purge gas
being injected into the aqueous sample 22. The three-way valve 18 remains in the first
position for a pre-determined amount of time to allow the purge gas to bubble up through
the aqueous sample 22 in the vial 20.

[0050] In general, the in-vial sparging process is a process in which an aqueous
sample that has previously been acidified which has converted the carbonate and
bicarbonate to CO, is subsequently injected with a purge gas that is CO;,-free to remove

the CO, through volatilization. The volatilized CO; is then transferred out of the vial 20
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through the vent needle 40. Because a high concentration of inorganic carbon relative to
the concentration of total organic carbon within a fluid can cause an inaccurate
measurement of the total organic carbon within the ﬂuid; it is an objective of the in-vial
sparging process to remove as much of the inorganic carbon from the fluid so as to
provide a more accurate measurement of the total organic carbon concentration in the
fluid. The desired amount of inorganic carbon to be removed from an aqueous sample 22
should be enough to provide a reliable total organic carbon concentration measurement of
the post-sparged aqueous sample. In one embodiment of an in-vial sparging process, the
removal rate of inorganic carbon from the aqueous sample should be greater than about
ninety percent (>90%) for solutions containing two hundred fifty parts per billion (250
ppb) of inorganic carbon, and more particularly, greater than about ninety-five percent
(>95%) for solutions containing two parts per million (2 ppm) of inorganic carbon.
Ideally, the inorganic carbon removal rate is greater than ninety-nine percent (>99%), but
such a removal rate may be cost prohibitive given the volume of purge gas necessary to
achieve such a removal rate. It should be understood by one skilled in the art that given a
pre-determined set of sparging parameters, the removal rate of inorganic carbon from the
aqueous sample can vary between different samples. In another embodiment of an in-vial
sparging process, the parameters of the sparging process are configured such that the
removal of inorganic carbon within the aqueous sample results in a concentration of
inorganic carbon that is less than one hundred parts per billion (<100 ppb). As stated
above, the parameters of such an in-vial sparging process can vary.

[0051] In an embodiment, once the in-vial sparging process of the second step 62 has
been completed, the three-way valve 18 is then selectively switched to the third position
in which the three-way valve 18 is closed. Alternatively, the third step 64 or selectively
switching the three-way valve to a second position wherein a portion of the sparged
aqueous sample is transferred through the valve to the TOC measuring device 24. In an
embodiment, a portion of the sparged aqueous sample — about one-tenth to about twenty
milliliters (~0.10-20 mL) is transferred from the vial 20 to the TOC measuring device 24.
It should be understood by one of ordinary skill in the art that any volume of the sparged
aqueous sample sufficient to be accurately measured in the TOC measuring device 24 can

be transferred thereto. After the transfer of a portion of the sparged aqueous sample to
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the TOC measuring device 24 is complete, the three-way valve 18 can be selectively
switched to the third position in which the valve is closed.

[0052] As shown in FIG. 3, the fourth step 66 involves a measuring process for
measuring the amount or concentration of total organic carbon present in the portion of
post-sparged aqueous sample transferred to the TOC measuring device 24 in the third
step 64. The results of the total organic carbon measuring process of the fourth step 66
can be output in a variety of different formats, such as by printing to a printer (not shown),
writing the data to a hard disc or disc drive, displaying the results on a graphical user
interface, or any other means of providing the data in a user-readable format.

[0053] Subsequent to the total organic carbon measuring process of the fourth step,
the optional fifth step 68 involves selectively switching the three-way valve to the first
position to allow the purge gas to flow therethrough to the vial 20 so as to perform a
secondary sparging process. This secondary sparging process is configured to fransfer
any aqueous solution remaining in the needle 32 back into the vial 20 to prevent cross-
contamination between successive measurement samples in the TOC measuring device
24. It has been found that there is insignificant cross-contamination between successive
sample measurements when the secondary sparging process is performed, and any such
cross-contamination is likely attributable to the wet tubing. In an embodiment, this
secondary sparging process can be performed for about fifteen seconds (15 sec) or any
other time sufficient to completely transfer the remaining aqueous sample in the tube 28
needle 32 back into the vial 20. Also, this secondary sparging process can fully fill the
buffer container 42 with CO-free purge gas to isolate CO; and organic matter in ambient
air dissolving back into the successive sample.

[0054] In order to assess the inorganic removal rate, simulated tests were undertaken
using the in-vial sparging and measuring system 10 to determine some process
parameters that produce an acceptable amount of inorganic carbon removal from an
aqueous sample. The following examples reflect the tests and corresponding results from
different sets of tests using the in-vial sparging and measuring system 10 illustrated in

FIG. 1 and the in-vial sparging and measuring process 11 illustrated in FIG. 3.
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EXAMPLE 1
[0055] In a first set of tests configured to determine whether or not a correlation
exists between the removal efficiency of inorganic carbon from an aqueous sample and
the amount of sparging time in which the purge gas is introduced into the aqueous sample.

The conditions of the process were:

[0056] Vials: 40 mL vials having 35 mL-38 mL of aqueous sample
[0057] Acidification: 0.4 mL of 6M H3PO4

[0058] Purge gas: Zero gas

[0059] Purge gas flow rate: 80-100 mL/min

[0060] IC concentrations: (1) 100 ppm, (2) 5.9 ppm and (3) 680 ppb

inorganic carbon as sodium carbonate (Na,COs3)

[0061] The variable for each of the three concentrations of inorganic carbon removal
efficiencies was the sparging time of between thirty seconds and twenty minutes (~30 sec
—20 min). The results of a first set of vials having an inorganic carbon concentration of
about 100 ppm inorganic carbon as sodium carbonate (Na,COs) are shown in FIGS. 4A-
4B, the results of a second set of vials having an inorganic carbon concentration of about
5.9 ppm inorganic carbon as sodium carbonate (Na,CO3) are shown in FIGS. 5A-5B, and
the results of a third set of vials having an inorganic carbon concentration of about 680
ppb inorganic carbon as sodium carbonate (Na,COs) are shown in FIGS. 6A-6B.

[0062] The tests indicated that the removal efficiency of the in-vial sparging and
measuring process increases: (1) from 94.18% to 99.95% when the sparging time is
increased from 2 minutes to 5 minutes at 100 ppm inorganic carbon concentration, (2)
from 91.74% to 99.73% when the sparging time is increased from 2 minutes to 5 minutes
at 5.9 ppm inorganic carbon concentration, and (3) from 89.22% to 98.56% when the
sparging time is increased from 2 minutes to 5 minutes at 680 ppb inorganic carbon
concentration. Accordingly, it was determined that a sparging time does affect the
inorganic carbon removal efficiency and a sparging time of between about 2 minutes and
5 minutes should result in a removal rate of inorganic carbon in an aqueous sample that is
sufficient to provide an accurate measurement of total organic carbon in the TOC

measuring process. However, depending upon the gas flow rate of the purge gas during
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the in-vial sparging process may warrant more or less sparging time to produce an
acceptable inorganic carbon removal efficiency.
[0063] Given this range of time for the in-vial sparging process, the gas flow rate and
total purge gas volume can be optimized so as to minimize the total purge gas volume
over the given sparging time to produce an acceptable inorganic carbon removal
efficiency.

EXAMPLE 2
[0064] In a second set of tests configured to determine whether or not a correlation
exists between the removal efficiency of inorganic carbon from an aqueous sample and
the gas flow rate of the purge gas is introduced into the aqueous sample. The conditions

of the process were:

[0065] Vials: 40 mL vials having 35 mL-38 mL of aqueous sample
[0066] Acidification: 0.4 mL of 6M H3PO,

[0067] IC concentration: 100.8 ppm inorganic carbon

[0068] Purge gas: N; gas

[0069] Sparging time: 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 10, 15, and 20 minutes

[0070] The variable for this second set of tests was the gas flow rate of the purge gas
during an in-vial sparging process, wherein the gas flow rates tested were: (1) 50
mL/min, (2) 100 mL/min, and (3) 200 mL/min. Samples of the aqueous sample were
taken at each of the above-identified time intervals to test the inorganic carbon
concentration after sparging of the given time at each of the different gas flow rates. The
results of the three different gas flow rates with respect to the removal rate of the
inorganic carbon and relative to the sparging time are shown in the chart in FIGS. 7A-7B.
[0071] The tests indicate that the gas flow rate at a given sparging time of about 2
‘minutes results in an inorganic carbon removal rate of: (1) 72.72% at a gas flow rate of
50 mL/min, (2) 94.18% at a gas flow rate of 100 mL/min, and (3) 98.46% at a gas flow
rate of 200 mL/min. The removal rate of inorganic carbon improves significantly when
the sparging time is increased from 2 minutes to 5 minutes, wherein the inorganic carbon
removal rate at a gas flow rate of about 5 minutes is: (1) 95.68% at a gas flow rate of 50
mL/min, (2) 99.95% at a gas flow rate of 100 mL/min, and (3) 99.99% at a gas flow rate
of 200 mL/min.
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[0072] Accordingly, it was determined that the gas flow rate of the purge gas during
the in-vial sparging process does affect the inorganic carbon removal efficiency. Ata
sparging time of about 2 minutes, the gas flow rate of 200 mL/min provides for an
inorganic carbon removal efficiency above ninety-five percent (>95%). However, for a
sparging time of about 3 minutes, the purge gas flow rate of 100 mL/min and 200
mL/min both provide for an inorganic carbon removal efficiency above ninety-five
percent (>95%). It should be understood by one of ordinary skill in the art that either of
the above conditions, or any conditioned in between, that provide an inorganic carbon
removal efficiency above ninety-five percent (>95%) are sufficient to remove enough
inorganic carbon to produce an acceptable inorganic carbon removal efficiency.
EXAMPLE 3
[0073] During the second set of tests above, the tests were also configured to
determine an acceptable set of process parameters that would minimize the total amount
of purge gas yet result in an acceptable inorganic carbon removal efficiency above
ninety-eight percent (>98%). The total volume of purge gas consumed — which includes
a secondary 15 second sparging process, as described in the fifth step 68 above — was
empirically determined. As shown in FIG. 7B, the sparging parameters that produced an
inorganic carbon removal efficiency above ninety-eight percent (>98%) while consuming
the smallest volume of purge gas was when the in-vial sparging process was performed at
a gas flow rate of 100 mL/min for 3 minutes on an aqueous sample having an inorganic
concentration of 100 ppm, resulting in a total consumption of 325 mL of purge gas.
While these process conditions produce an acceptable inorganic carbon removal
efficiency, it should be understood by one of ordinary skill in the art that these conditions
are only exemplary yet they should act to illustrate the effects that gas flow rate, sparging
time, and total volume of purge gas consumed have on the inorganic carbon removal
efficiency.
[0074] While preferred embodiments of the present invention have been described, it
should be understood that the present invention is not so limited and modifications may
be made without departing from the present invention. The scope of the present

invention is defined by the appended claims, and all devices, process, and methods that
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come within the meaning of the claims, either literally or by equivalence, are intended to

be embraced therein.
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CLAIMS

1. A method for performing TOC measurements comprising:

providing a vial having said aqueous sample contained therein;

acidifying said aqueous sample;

injecting a purge gas into said aqueous sample to perform an in-vial sparging
process;

providing a measuring device for measuring an amount of total organic carbon in
said aqueous sample;

transferring a portion of said aqueous sample to said measuring device;

measuring said amount of total organic carbon in said transferred portion of said
aqueous sample; and

producing an output from said measuring device that indicates said amount of

total organic carbon within said aqueous sample after said in-vial sparging process.

2. The method of Claim 1, wherein said purge gas is injected into said aqueous
sample at a rate of between about twenty milliliters per minute (20 mL/min) and five

hundred milliliters per minute (500 mL/min).

3. The method of Claim 1, wherein said purge gas is injected into said aqueous

sample at a rate of about one hundred milliliters per minute (100 mL/min).

4. The method of Claim 1, wherein said purge gas is injected into said aqueous

sample for between about two minutes (2 min) and twenty minutes (20 min).

5. The method of Claim 1, wherein said purge gas is injected into said aqueous

sample for about three minutes (3 min).
6. The method of Claim 1, wherein said purge gas is injected into said aqueous

sample at a rate of between about one hundred milliliters per minute (100 mL/min) and

one hundred fifty milliliters per minute (150 mL/min) for about three minutes (3 min).

18
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7. The method of Claim 1 further comprising injecting a purge gas into said aqueous

sample to perform a second in-vial sparging process after said measuring step.

8. The method of Claim 1, wherein thirty-five milliliters (35 mL) of said aqueous

sample is disposed within said vial.

9. The method of Claim 1, wherein said purge gas injected into said vial is injected
at a pressure of between about one pounds per square inch (1 psi) and seven pounds per

square inch (7 psi).

10.  The method of Claim 1, wherein sparging includes injecting said purge gas into
said vial at a pressure of between about three pounds per square inch (3 psi) and three-

and-a-half pounds per square inch (3.5 psi).

11.  The method of Claim 1, wherein acidifying said aqueous sample comprises

introducing phosphoric acid (H3PO,) into said aqueous sample.

12.  The method of Claim 1, wherein acidifying said aqueous sample comprises

reducing a pH level of said aqueous sample to less than about 4 pH.

13.  The method of Claim 1, wherein said purge gas is one of nitrogen gas (N2), zero

gas (comprising 20% O and 80% N,), and a CO,-free gas.

14. A method for performing an in-vial sparging process comprising:

providing a vial having said aqueous sample contained therein;

acidifying said aqueous sample in said vial;

injecting a purge gas into said aqueous sample in said vial to volatilize carbon
dioxide (CO,) contained within said aqueous sample in said vial; and

removing said volatilized carbon dioxide from said vial.
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15.  An apparatus for performing an in-vial sparging process and measuring process,
said apparatus comprising:

a pressure regulator fluidly connected to a purge gas supply;

a restrictor fluidly connected to said pressure regulator, said restrictor conﬁgured‘
to receive purge gas from said pressure regulator;

a three-way valve fluidly connected to said restrictor;

a TOC measuring device fluidly connected to said three-way valve; and

a vial for receiving an aqueous sample, said vial being fluidly connectable to said

three-way valve for receiving said purge gas during an in-vial sparging process.

16.  The apparatus of Claim 15 further comprising a needle disposable within said vial,

said needle being fluidly connected to said three-way valve.

17.  The apparatus of Claim 16, wherein said needle includes at least one hole formed

therethrough.

18.  The apparatus of Claim 16, wherein said needle includes a plurality of holes

formed therethrough.

19.  The apparatus of Claim 15 further comprising a buffer container fluidly connected

to said vial.

20



PCT/CN2011/000566

WO 2012/129734

1/10

/4280

A2

L 'Ol

14>
)
o X o o
ze+ of|l e
oy oM < Oz
(o] Ye]
o 9¢
_P_ o ol %o 2
A5 - 19||0Jjuo)
e A 3¢ 8l
/ I
o —<
8¢
921AaQg
Bunnses|\
o0l
f
ve

Alddng
iopusey  «— Jojenbey < oo
S N 2
ol ) ¢l

/o_‘




WO 2012/129734 PCT/CN2011/000566

2/10

32

?_____________

38
N

38

Y

O 0 O

F—— L0900

000

34

/7»|
22.5°

FIG. 2

11

Collect Aqueous Sample —~—60

!

In-Vial Sparging Process ~—62

!

Transfer Sparged Liquid To TOC Measuring 64

Device
TOC Measuring Process —~—66
Secondary Sparging Process ~—68

FIG. 3



WO 2012/129734

PCT/CN2011/000566

3/10

100ppm IC as Na,CO,, 80~100cc/Min, 35~38mL Sample In Vials

¢ |C Conc., ppb
o0 |C Removal Rate, %
120000 va el A 120%
100000 00 o 0 o 100%
] o
o) o~
& 800001 80% &
g’ (0 4
S 60000 o 60% g
o £
400001 40% 8
o
200001* 20%
L 4
0o ® oo * * »> 0%
0 5 10 15 20 25

Sparging Time, Minutes

FIG. 4A



PCT/CN2011/000566

WO 2012/129734

4/10

gy Old

%6E'8G| O 1’0 | %b2°0 |€22°962| VV6LY G0 00L~08 v0 Ol wddool Ge #6
%G6°LL| O 1'0 | %8v'2 |S9L'LSS| ¢eeee ! 00L~08 70 Ol wddool GE #8
%8L¥6| O L'0 | %20 |¥9Zh'Zh| 0.8S Zz 00L~08 ¥0 Ol wddool Ge #L
%2 86 N0 SN 0NN %680 2N 180 ZENN0ZL NN E NN 00 k=08 NN 00NN 01 Wddoo LN EE NN
%L866| O 1'0 | %6L°L |€16.2C| 8L 06) % 00L~08 v'0 Ol wddool GE | #S
%S6'66],0/ /0 N %ite o690\ V18i§V5 18/ N 00\~087 1 v'0~ /0l wddooy ) SE ) #v )
%6666 O 1'0 | %.2SE | €LVE6 L| 9G8Y'S (] 001~08 ¥'0 Ol wddool Ge #E
%6666 O L'0 | %2€ L€ |29SL12| 6899°G Gl 00L~08 ¥'0 Ol wddoo} Ge #C
%6666 O 1’0 | %SZ'8L| L98Y'L | ¥hYL8 02 00L~08 ¥0 o1 wddool GE #1
%0 0 1'0 008004 0




WO 2012/129734

5/10

PCT/CN2011/000566

5.9ppm IC as Na,CO3, 80~100cc/Min, 35~38mL Sample In Vials

¢ |C Conc., ppb
o |C Removal Rate, %
7000 > 120%
60005 — o 5 o 1100%
4 5000 °
g 180%
- [m]
O 4000
8 . 160%
o 3000 o
) 1+40%
2000
¢ %
1000 120%
[ 2
0o —® & —e . —o—0%
0 2 4 6 8 10 12 14 16

Sparging Time, Minutes

FIG. 5A

IC Removal Rate, %



PCT/CN2011/000566

WO 2012/129734

6/10

ag Ol

%9.9%| O L'0 | %09°L | LLLOS [L'IPLE | SO 00L~08 Zo Ol wdde'g GE #8
%6L€L| O L'0 | %eS’} |Lesvee| L oSt F 00L~08 A Ol wddg'g GE #/
%vL 16| 0 1'0 | %612 |8299°0L| 22 L8P 00L~08 z0 Ol wddg'g Ge #9
N%P0" 26 TN 0NN ONN%L L L E08Y0°2 8L 2L //m/ Q00L~08 N2 00NKN0) wdds g ONNEECNHGN
%v6'86| O L'0 | %E€6°0 |S6085°0| L9€29 001~08 20 Ol wddg'g GE #
%EL'6670/ 110/ ¥ %|9 €21 680SLEl ¥88'GL \ 7/ A/,001L~08" ] \\N o\\\ ol wddg's 1/ SE 1/ #E)
%l866| O L'0 | %cCS L€ |€0S6L Y| 28L LI ol 00L~08 A Ol wdde'g Ge #2
%E8'66| O L'0 | %bySY| 2259V | 6EC 0L Gl 00L~08 20 Ol wddg'g Ge #1
%0 0 10 0065 0 0 Ol wddg'g
ul ul UIN ‘awil] | UIN/W ‘Ble w wdd “-ouo w
ool | I ST o6 ‘0w | add “as|add ‘O | 'gliieds | mod se6 ol | oIpS ton i | S




WO 2012/129734

IC Conc., ppb

710

PCT/CN2011/000566

680ppb IC as Na,CO;, 80~100cc/Min, 35~38mL Sample In Vials

¢ |C Conc., ppb
o |C Removal Rate, %
800 120%
700
* L, oo o o 1100%
600 o
1 0,
500 80%
0
4001« 60%
3003 140%
200{-*
120%
100 .
0 Ce o N . -~ 0%
0 5 10 15 20 25

Sparging Time, Minutes

FIG. 6A

IC Removal Rate, %



PCT/CN2011/000566

WO 2012/129734

8/10

d9 9Oid

%S027| O 10 | %EVL |LLVEIS|L9VEE| G0 001~08 20 Ol qddog9 Ge | #8
%8589 0 1’0 | %20 |Sv6LLZ| Ple ! 001~08 20 0l qddogg G | #L
%22 68| O 1’0 | %6GL |9LeoLLizevel| 2 001~08 20 Ol qddogg GE | #9
9652766 TN 0ok ONN%29 2180222 00T 16 BZ NN E NN\ 00 F~080NINN 2 00NNND1 94089 NN GENN#E N
%8086| O 1’0 | %O0L°€L|SS68LL| L90€EL | ¥ 001~08 20 0l qddogg se | #
%058610/ 110 %8¢ 6292198 2 €86167// S 1,00V 08/} 20,/ Dl addogq | [SE/ 1 #E
%l266| O 1’0 | %SL'9 |ZLSEE0 vHO6'Y | Ol 001~08 20 Ol qddog9 Ge | #2
%l066| O 1’0 | %SZ'/Z|.0628°L|LLLL9 | 02 001~08 20 0l qddogg ge | #
%0 0 1’0 | %PS0 |29999°€| 189 0 0 0l qddogg
ul ul , , . Uiy ‘ewl] | UIN/w ‘sje qw dd ‘-ouo qu
% 4Ol c._,_u\u_vm :._Bﬁ % '0sY | qdd ‘gs|qdd ‘3 9_\_,__98% _nmu_ mmwm Yodtune | ol Emo “oamg| SN




PCT/CN2011/000566

WO 2012/129734

9/10

o, ‘ajey [eAowsy Ol

FIG. 7A



WO 2012/129734

10/10

PCT/CN2011/000566

Flow Rate |Sparging Time IC Removal Gas Volume
(mL/min) (min) Rate (L)
50 0 0 12.5
50 0.5 0.4097 375
50 1 0.5724 62.5
50 2 0.7272 112.5
50 3 0.8323 162.5
50 4 0.9086 2125
50 5 0.9568 262.5
. 780 (] 7] 10 ", '00971,| 7, 5125 .
50 15 0.9998 762.5
50 20 0.9999 1012.5
100 0 0 25
100 0.5 0.5839 75
100 1 0.7795 125
100 2 0.9418 225
NN 100 S NN RN 0-9824 NN\ 325
X0 100,40 4 0.9981XKXXXX 425
A0 8089895/ 525
100 10 0.9999 1025
100 15 0.9999 1525
100 20 0.9999 2025
200 0 0 50
200 0.5 0.7083 150
200 1 0.874 250
AANTZ00 TRNNNNNN 2 000NN 0:9846 SN\ 450 N
200 SRRRRRRZE B RRKLKKRS0.9993 HKHKXX 650
200 4 0.9997 850
200 5 0.9999 1050
200 10 1 2050
200 15 1 3050
200 20 1 4050
FIG. 7B



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2011/000566

A. CLASSIFICATION OF SUBJECT MATTER

GOIN33/00 (2006.01) i
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)

IPC: GOIN31/-, GOIN33/-

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, EPODOC, WPI, CNKI, GOOGLE SCHOLAR: TOC, organic carbon, acid+, carbon dioxide, CO2, sparg???, purg????, volatile,|

bubble, degas????, carrier gas, nitrogen, air, vial, measur???, detect???, analyz??7?

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X [US6007777A (TEKMAR COMPANY) 28 Dec. 1999(28.12.1999)  column 2 line 53 to
column 4 line 39; column 8 lines 8-16 of description; Fig. 1; Fig. 8

A [US3854881A (COHEN A.) 17 Dec. 1974(17.12.1974)  the whole document
A [US5413763A (JEFFERS J.) 09 May 1995(09.05.1995)  the whole document
A TP9043225 A(SHIMADZU CORP.) 14 Feb. 1997(14.02.1997)  the whole document

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date

but later than the priority date claimed

«“r>

oy

oy

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“& “document member of the same patent family

Date of the actual completion of the international search

10 Nov. 2011(10.11.2011)

Date of mailing of the international search report

19 Jan. 2012 (19.01.2012)

IName and mailing address of the ISA/CN

The State Intellectual Property Office, the PR.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

[Facsimile No. 86-10-62019451

Authorized officer

XU, Yuanyuan

Telephone No. (86-10)82245990

Form PCT/ISA /210 (second sheet) (July 2009)




INTERNATTIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2011/000566
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
US6007777A 28.12.1999 WO09822817A1 28.05.1998
AU5433298A 10.06.1998
EP0938672A1 01.09.1999
IP2001504583A 03.04.2001
[US3854881A 17.12.1974 GB1494906A 14.12.1977
DE2458143A 10.06.1976
US5413763A 09.05.1995 US5672516A 30.09.1997
JP9043225A 14.02.1997 none

Form PCT/ISA /210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report

