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sample segment of a sample transmitted through a transfer line from a
remote sampling to an analysis system. A system, embodiment includes,
but is not limited to, a sample transfer line configured to transport a liq-
uid sample from a remote sampling system via gas pressure; a sample
loop fluidically coupled with the sample transfer line, the sample loop
configured to hold a sample fluid; and a backpressure chamber fluidical-
ly coupled with a gas pressure source and with the sample transfer line,
_ he the backpressure chamber configured to supply a backpressure against
the liquid sample during transpotrt through the sample transfer line.
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SYSTEM FOR COLLECTING LIQUID SAMPLES AND TRANSPORTING OVER
DISTANCES WHILE MAINTAINING A LIQUID SAMPLE SEGMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
10001} The present application claims the benefit of 35 US.C. §119e) of U.S. Provisional
Application Serial No. 62/655,498 filed Apni 10, 2018 and titled “SYSTEM FOR
COLLECTING LIQUID SAMPLES AND TRANSPORTING OVER DISTANCES WHILE
MAINTAINING A LIQUID SAMPLE SEGMENT,” and U.S. Provisional Application Serial
No. 62/693,555 filed July 3, 2018 and titled “SYSTEM FOR COLLECTING LIQUID
SAMPLES AND TRANSPORTING OVER DISTANCES WHILE MAINTAINING A
LIQUID SAMPLE SEGMENT.” U.S. Provisional Application Senal No. 62/655,498 and U S.
Provisional Application Sertal No. 62/693,555 are herein meorporated by reference m thewr

entireties.

BACKGROUND
{06601} In many laboratory settings, it is often necessary to analyze a large nomber of chemical
or biological samples at one time. In order to streamine such processes, the manipulation of
samples may be mechanized. Such mechanmized sampling can be referred to as autosampling

and can be performed using an automated sampling device, or autosampler.

6002} Spectrometry refers to the measurcment of radiation intensity as a function of
wavelength to identify component parts of materials.  Inductively Coupled Plasma (ICP)
spectrometry is an analysis technique commonly used for the deternuination of trace element
concentrations and isotope ratios in liquid samples. For example, in the semiconductor
mdustry, ICP spectrometry can be used to determine metal concentrations in samples. ICP
spectrometry employs electromagnetically generated partially ionized argon plasma that
reaches a temperature of approximately 7,000K. When a sample is introduced to the plasma,
the high temperature causes sample atoms to become ionized or emit hight. Since cach chemical
element produces a characteristic mass or emission spectrum, measuring the spectra of the
emitted mass or light allows the determination of the elemental composition of the onginal

sample. The sample to be analyzed is often provided in a sample mixture,

100603} Sample introduction systems may be emploved to introduce the liquid samples mto the

ICP gpectrometry instrumentation {e.g., an Inductively Coupled Plasma Mass Spectrometer



WO 2019/199825 PCT/US2019/026579

(CP/ICP-MS), an Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES), or
the Hike), or other sample detector or analytic instrumentation for analysis. For example, a
sample introduction svstem may withdraw an aliguot of a ligquid sample from a container and
thereafter fransport the aliquot {o a nebulizer that converts the aliquot into a polydisperse
acrosol suitable for ionization in plasma by the ICP spectrometry mstrumentation. The aerosol
is then sorted in a spray chamber to remove the larger acrosol particles. Upon leaving the spray
chamber, the acrosol 1s mtroduced into the plasma by a plasma torch assembly of the 1CP-MS

or ICP-AES mstruments for analysis.

DRAWINGS
[60604] The Detailed Description is described with reference to the accompanying figures. Any
dimensions included in the accompanying figures are provided by way of example only and
are not meant to limit the present disclosure.
[0e0s] FiG. 1 1s a partial line diagram ilhustrating a systern configured to analyze samples
transported over long distances in accordance with example embodiments of the present
disclosure.
[0886] FIG. 2A s an environmental view illustrating a remote sampling device used in a
remote sampling svstem, in accordance with example embodiments of the present disclosure.
[60671 FIG. 2B 1s an environmental view iliustrating a remote sampling device used in a
remote sampling svstem, in accordance with example embodiments of the present disclosure.
[0608] FIG. 3A 1s an environmental view illustrating an analysis device used in an analvsis
system, in accordance with example embodiments of the present disclosure.
[0009] FIG. 3B is an environmental view illastrating an analysis device used i an analysis
system, in accordance with example embodiments of the present disclosure,
{6019} FIG. 4 is a partial bine diagram illustrating an analysis system within the system
configured to analvze sampiles transported over long distances m accordance with example
embodiments of the present disclosure.
[Bei11] FiG. S is a partial bine diagram illusirating a detector that can be utilized within the
analysis system shown in FIG. 4 n accordance with example embodiments of the present
disclosure.
{612} FIG. 6 1s an environmental view illustrating an analysis system having a plurality of
analysis devices to analyze a sample received from a remote sampling system in accordance

with example embodiments of the present disclosure.
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[0613] FIG. 71s a diagrammatic llustration of a svstem including a sample receiving line and
detectors configured to determine when the sample receiving hine contains a continuons liqud
scgment between the detectors in accordance with examople embodiments of the present
disclosure.

[0¢14] FIG. 8A 1s a partial cross section of a sample transfer line containing multiple segments
of a sample obtained by a3 remote sampling system in accordance with example embodiments
of the present disclosure.

[0615] FIG. 8B 13 a diagrammatic illustration of pressunzed transfer with applied backpressure
of a remote sample from a remote sampling device to a sample loop i accordance with example
embodiments of the present disclosure.

6016} FIG. 8C is a diagrammatic dlustration of an optional buffer liquid introduction system
to facilitate transfer of a remote sample from a remote sampling device to a sample loop m
accordance with example embodiments of the present disclosure.

[06177 FIG. 8D is a diagranumatic siustration of the buffer iguid introduction system of FiG.
&C m a transfer configuration.

10018} FIG. 8E is a diagrammatic dlustration of a transfer hine having gas segments, a buffer
fluid segment, and a sample segment in accordance with exampile embodiments of the present
disclosure.

[66181 FIG. 8F 13 a diagrammatic iltustration of a buffer hquid mitroduction system to facilitate
transter of a remote sample from a remote sampling device to a sample loop in accordance with
examople embodiments of the present disclosure.

[06206] FIG. 8G s a diagrammatic iHlustration of a transfer line having gas segments, buffer
fluid segments, and a sample segment in accordance with example embodiments of the present
disclosure.

[6021] FIG. 9 is timeline illustrating multiple hiquid sample segments supplied to a sample
receiving line and registered by two detectors in accordance with example embodiments of the
present disclosure.

06227 FiG. 10 1s a flow diagram illustrating a method for determining when a sample
recetving line confains a continuous liguid segment between detectors in accordance with
example embodiments of the present disclosure.

{0623} FIG. 11 is a process flow diagram of a control system for monitoring and controlling
process operations based on chemical detection limits in accordance with example

embodiments of the present disclosure.
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[0624] FIG. 12 18 a schematic diagram of a processing facility incorporating a plurality of
remote sampling systems in accordance with example embodiments of the present disclosure.
[66257 FIG. 13 is a chart dlustrating metallic contanunation of a chemical bath over time, with
data points representing manual sampling and data points obtained with an automatic system

in accordance with example embodiments of the present disclosure.

DETAILED DESCRIPTION

Overview

{0826} Referring generally to FIGS. 1 through 13, systems and methods for supplying
substantially continuous liquud samples from a remote sampling system over a long distance to
an analysis system are described. Determination of trace elemental concentrations or amounts
in a sample can provide an indication of punity of the sample, or an acceptability of the sample
for use as a reagent, reactive component, or the like. For instance, in certain production or
manufacturing processes (e.g., nuning, metallurgy, semiconductor fabrication, pharmaceutical
processing, eic.), the tolerances for impurities or the presence of certam chemicals can be very
strict, for example, on the order of fractions of parts per billion. As soch, ensuring enough
sample is present at a sample analvsis system can facilitate accurate determinations of the trace
clemental concentrations or amounts 1 samples. For samples received from a remote location,
such as through a transfer line between a remote sampling system and an analysis svstem,
transit through the hne can cause degassing or separation of the sample which can form gas
pockets within the transfer hine, discontinuous higuid sample segments within the transfer ling,
or the hike, which can result in unsuitable hguid sample segments for analysis by the analvsis
system. For example, the gas pockets or discontinuous liquid sample segments can allow gas
to be imtroduced to the analysis system in combination with the sample, which can lead to
maccurate concentration determinations by the analysis system. Further, some samples are
susceptible to degassing or separating within a flnd transfer line. For example, samples with
high vapor pressures or low surface teamsions, mcluding bwi not limited to ammonium
hvdroxide, tsopropyi alcobol, organic samples, surfactants, or combinations thercof, can

separate or degas when pushed through a transfer line via gas pressure.

{0827} Accordingly, the present disclosure is directed, at ieast in part, to systems and methods
for supplyving substantially continnous liguid samples from a remoie sampling system over a
tong distance to an analvsis system. Example systems employ a back pressure chamber to

mtroduce a back pressure to a transfer hine through which a sample is transmitted from aremote
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sampling svstem via gas pressure that exceeds the back pressure. The remote sampling system
can include a gas flow control device that may control a constant pressure of a gas sapplied to
maove the sample through the transfer line. In other example embodiments, the gas flow control
device may control a constant flow rate of the gas. For certain samples, a constant gas flow rate
may be necessary to move the sample, such as a hiquid sample, at a constant flow rate. For
certain other samples, constant gas pressure may be necessary to move the sample at a constant
flow rate. In other example embodiments, a combination of backpressure and tlow rate control
may be emploved. Example systems can transfor samples with high vapor pressures or low
surface tensions, including but not limited to ammoniom hydroxide, isopropy! alechol, organic
samples, surfactants, or combinations thercof through transfer lines to an analysis svstem while
maintainmg a substantially continuous higuid sample segment within the transfer line without
unintended degassing or other inadvertent introduction of gas pockets in the sample segment.
Systems and methods as described herein can be used for various applications, including, but
not necessanly limited to: pharmaceutical applications (¢ g., with a central mass spectrometer
analvsis device connected to multiple pharmaceutical reactors), waste monitoring of one or
more waste streams, semiconductor fabrication facilities, and so forth. For example, a waste
stream may be contingously monitored for contaminants and diverted o a tank when a

contaminant 1s detected.

[0¢28] A system embodiment of the disclosuare includes, but is not limited to, a sample transfer
line configured to transport a Hquid sample from a remote sampling systom via gas pressure; a
sampie loop fluidically coupled with the sample transfer line and the buffer fhuid loop, the
sample loop configured to hold a sample fluid; and a backpressure chamber fhudically coupled
with a gas pressure source and with the sample transfer line, the backpressure chamber
configured to supply a backpressure against the liguid sample during transport through the

sample transter line.

[0629] According to another embodiment of the disclosure, a method of maintain a liguid
sample segment may be provided. The method may include receiving a liquid sample at a
remote sampling system, preparing the liguid sample for debvery and/or analyvsis using one or
more preparation techniques, and transferring the liquid sample via a sample transfer hne.
Transferring the liguid sample via the sample transfer line may further include creating a
sample loop fluidically coupled to the sample transfer line and configured to hold a volume of

hguad sample, using a gas pressure of a gas pressure source to push the buffer fluid from the
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buffer loop and the volume of liguid sample from the sample loop, and supplving a
backpressure against the liguid sample during transport through the sample transfer line, the
backpressure generated by a backpressure chamber fluidically coupled with the gas pressure

source and with the sample transter ine.

[0¢36] According to ancther embodiment of the disclosure, a system embodiment inchudes,
but is not lunited to, a sample transfer line configured to transport a liguid sample from a remote
sampling system, a controller in communication with the remote sampling svstem, and a
memory comprising compuier-executable mstructions. The memory comprising computer-
executable mstructions may be capable of receiving the liquid sample at the remote sampling
system, prepanng the liquid sample for debivery and/or analysis using one or more preparation
techniques, and transferring the liguid sample via a sample transfer bne. Transferring the liquid
samapie via the sample transfer ling may further include creating a sample loop fhudically
coupled to the sample transter line and configured to hold a volume of liquid sample, using a
gas pressure of a gas pressure source to push the buffer fluid from the buffer loop and the
volume of liguid sample from the sample loop, and supplying a backpressure against the ligud
sample during transport through the sample itransfer line, the backpressure generated by a
backpressure chamber fluidically coupled with the gas pressure source and with the sample

transfer line.

Example Implementations

10631} Referrmg now to FIG. 1, a system 100 may be configured to analyze samples
transported over long distances. In example embodiments, one or more samples can be
analyzed by mudtiple analysis systems, where such analysis systems can compnse differing
analvsis technigues. The svstem 100 may mclude an analysis system 102 at a first location.
The system 100 can also include one or more remote sampling systems 104 at a second location
remote from the first location, For instance, the one or more remote sampling systems 104 can
be positioned proximate a source of chemical, such as a chemical storage tank, a chemical
treatment tank (e.g., a chemical bath), a chenucal transport hine or pipe, or the like {e.g., the
second location), to be analvzed by the analysis system 102, where the analvsis system 102 can
be positioned remote from the remote sampling system{s) 104, sach as an analysis hub fora
production facility {c.g., the first location). The svstem 100 can also include one or more
remote sarmpling system{s} 104 at a third location, a fourth location, and so forth, where the

third location and/or the fourth location are remote from the first location. In implementations,
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the third location, the fourth location, and other locations of the remote sampling svstems 104
can be remote from respective other locations of other remote sampling systems 104, For
example, one remote sampling system 104 can be positioned at a water line (¢.g., a deionized
water transport line}, whereas one or more other remote samphing systems 104 can be
positioned at a chemical storage tank, a chemical treatment tank {¢.g., a chemical bath), a
chemical transport line or pipe. or the like. In some embodiments, the system 100 also may
mclude one or more remote samphing systemds) 104 at the first location {¢.g., proxamate to the
analvsis system 102). For example, a sampling system 104 at the first location may include an
autosampler coupled with the analysis system 102, The one or more sampling systems 104 can
be operable to receive samples from the first location, the second location, the third location,
the fourth location, and so forth, and the system 100 can be operable to deliver the samples to

the analysis system 102 for analysis.

166327 The remote sampling system 104 can be configured to receive a sample 130 and prepare
the sample 150 for delivery (e.g., to the analysis system 102) and/or analysis. In embodiments,
the remote sampling svstem 104 can be disposed various distances from the analvsis system
102¢g,tm 5m, 10m 30m 50m, 100 m 300 m, 1000 m, ctc.}). In mmplementations, the
remote samphng system 104 can include a remote sampling device 106 and a sample
preparation device 108, The sample preparation device 108 may firther include a valve 148,
such as a flow-through vaive. In implementiations, the remote sampling device 106 can include
a device configured for collecting a sample 150 from a sample stream or source (e.g., a hiquid,
such as waste water, rinse water, chemical, industrial chemical, etc., a gas, such as an air sample
and/or contaminants therein to be contacted with a hquid, or the like). The remote sampling
device 106 can mclude components, such as pumps, valves, tubing, sensors, etc., suitable for
acquiring the sample from the sample source and dehvering the sample to the analysis system
102. The sample preparation device 108 can include a device configured to prepare a collected
sample 150 from the remote sampling device 106 using a diluent 114, an mtemal standard 116,
a carricr 154, ctc., such as to provide particular samplc concentrations, spiked samples,
calibration curves, or the ke, and can be rinsed with a ninse solution {shown wn reference to

FI(. 3B).

(033} in some embodiments, the sample 150 may be prepared (e.g., prepared sample 152) for
delivery and/or analvsis using one or more preparation techniques, including, but not

necessarily limited to: dilution, pre-concentration, addition of one or more calibration
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standards, and so forth. For example, a viscous sample 150 can be remotely diluted (e.g., by
sample preparation device 108) before being delivered to the analysis system 102 (e.g., to
prevent the sample 150 from separating during delivery). As described herein, a sample that
has been transterred from the remote sampling svstem 104 can be referred to simply as a sample
150. Additionally, sample 150 can also refor to a prepared sample 152, In some embodiments,
sample dilotion may be dynamically adjusted {¢.g.. avtomatically adjusted) to move sample(s)
150 through svstem 100 at a desired rate. For mstance, diluent 114 added to a particular sample
or type of sample is increased when a sampie 130 moves through the system 100 too slowly
{¢.g., as measured by the transfer time from the second location to the first location). In another
cxample, one liter {1 L} of scawater can be remotely pre-concentrated before delivery to the
analvsis system 102, In a further example, electrostatic concentration is used on material from
an air sample to pre-concentrate possible airbome contaminants. In some embodiments, in-
tme dibution and/or calibration is automatically performed by the system 100, For instance, a
sample preparation device 108 can add one or more internal standards to a sample delivered to

the analysis system 102 to calibrate the analvsis system 102

{0834} In embodiments of the disclosure, the anmalysis system 102 can mclude a sample
collector 110 configured to collect the sample 150, The sample collector 110 can include
components, such as pumps, valves, tubing, ports, sensors, gic., to receive the sample 150 from
one or more of the remote sampling svstems 104, Additionally, the analysis system 102 may
mchude a sampling device 160 configured to collect the sample 150 that is local to the analvysis

system 102 {e.g., a local autosampler).

{0635} The analysis system 102 may further include at feast one analysis device 112 configured
to analyze samples to determine trace clement concentrations, isotope ratios, and so forth {c.g.,
m liquid samples).  For example, the analysis device 112 can mclude ICP spectrometry
mstrumentation incloding, but not hmited o, an Inductively Coupled Plasma Mags
Spectrometer (JCPACP-MS) {e.g., for trace metal deternunations), an Inductively Coupled
Plasma Atomic Enussion Spectrometer (ICP-AES), ICPOES (eg. for trace metal
determinations), ton chromatograph {e.g., for anion and cation determinations}, liguid
chromatograph (LC) {¢.g., for organic contaminants determinations), FTIR infrared {(cg., for
chemical composition and structural information determinations), particle counter (c.g., for
detection of undissolved particles), moisture analyzer (e.g., for detection of water in samples),

gas chromatograph (GC) (e.g., for detection of volatile components), or the like. In
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embodiments, the analysis system 102 may include a plurality of analvsis devices 112 (i,
more than one analysis deviee}. The system 100 and/or the analysis system 102 can further
mclude multiple sampling loops, with cach sampling loop introducing a portion of the sample
to the plurality of analysis devices 112, In an example embodiment, the system 100 and/or the
analysis system 102 can be configured with a multiposition valve, such that a single sample
can be rapidly and serially introduced to the plurality of analysis devices 112, In embodiments,
the plurality of analvsis devices 112 can be located at the same location as the remote sampling
device 104, while the system 100 can include one or more additional analvsis devices 112
located remotely from the remote sampling system 104 for additional or differing sample
analvsis than those analys{(es) performed by the plurality of analysis devices 112
Alternatively, or additionally, the plurality of analvsis devices 112 can be located at a different

location than the remote sampling system 104

(06367 The system 100 and/or analysis svstem 102 can be counfigured to report analvie
concentration at a location over time {(shown further below with refercnce to FIEG 13}, Insome
embodiments, the analveis device 112 may be configured to detect ong or more trace metals in
the sample 150, In other embodiments, the analvsis device 112 may be configured for ion
chromatography. For example, ions and/or cations can be collected in the sample 150 and
delivered to a chromatograph analysis device 112, As another example, one or more chemical
streams can be continuously monitored via analysis of the samples obtained by one or more of
the remote sampling systems 104 linked to the analysis system 102, whereby a contamination
himit can be set for each of the chenucal streams. Upon detection of a contaminant exceeding

the contamination Hmit for a particular stream, the system 100 can provide an alert.

(6037} The reproducibility of the system 100 may be tested through an example
mmplementation. In an implementation, the analysis system 102 may be positioned one hundred
meters (100 m) from a remote sampling system 104, The remote samphing system 104 may
obtain twenty discrete samples and transport them to the analysis systerm 102 for determination
of the signal mtensity of each chemical specie present in each of the twenty discrete samples.
Each discrete sample may include the following chemical species: Lithiam (Li), Bervllium
{Be), Boron (B}, Sodium (Na), Magnesium (Mg}, Aluminum (Al}), Calciom {Ca), Manganese
{Mn), Iron {Fe), Cobalt (Co), Nickel (N1}, Copper (Cu), Zinc (Zn), Germanium {Ge), Strontium
{5r), Silver (Ag), Cadmium (Cd), Indium (In}, Tin (Sn}, Antimony (Sb}, Barium (Ba), Cenum
(Ce), Hafnium (HY), Tungsten (W), and Lead (Pb}. Upon analysis by the analysis system 102,
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the relative standard deviation (RSD) across all twenty discrete samples for all chemical species
may be determined. An example RSP may be less than three percent (3%). Accordingly, the
example system 100 at one hundred meters between the analysis system 102 and the remote
sampling svstem 104 may be found to have reliable reproducibility from obtaining the sample,
transferring the sample one hundred meters to the analysis system 102, and analyzing the

samples with the analysis svstem 102.

[0638] Referring now to FIGS. 2A and 2B, the remote sampling system 104 or the remote
sampling device 106 can be configured to selectively couple with at least one sample transfer
linc 144 so that the remote sampling system 104 is operable to be in fluid communication with
the sample transfer hine 144 for supplving a continuous ligmd sample segment 150 to the
sample transfer ine 144. For example, the remote sampling system 104 may be configured to
collect a sample 150 and supply the sample 150 to the sample transfer line 144 using, for
mstance, a flow-through valve 148, coupling the remote sampling system 104 to the sample
transfer line 144. The supply of the sample 130 to the sample transfer line 144 can be referred
to as a “pitch.” The sample transfer line 144 can be coupled with a gas supply 146 (as shown
i FIG. 1) and can be configured to transport gas from the second location {and possibly the
third location, the fourth location, and so forth) to the first location. FIGS. 2A and 2B depict
example load and inject configuration for the multiposition valve 148, Sample 150 may initially
be pushed 1nto a loop, and then pushed by the gas from the sample transfer line 144 in the inject
mode. In this manner, liquid sample segments supplied by the remote sampling system 104
may be collected in a gas stream, and may be transported to the location of the analysis system

102 using gas pressure sample transfer.

6039} In some cmbodiments, gas m the sample transfor line 144 can include an inert gas,
meluding, but not necessanly limited to: nifrogen gas, argon gas, and so forth. In some
embodiments, the sample transfer line 144 may include an unsegmented or minimally
segmented tube having an inside diameter of eight-tenths of a millimeter (0.8 mm). However,
an inside diameter of eight-tenths of a nmullimeter 1s provided by way of example only and is
not meant to limit the present disclosure. In other embodiments, the sample transfer line 144
may include an inside diameter greater than eight-tenths of a mullimeter and/or an inside
diameter loss than cight-tenths of a nulhimeter. In some embodiments, pressure in the sample
transfer line 144 can range from at least approximately four (4) bar to ten (10) bar. However,

this range 1s provided by way of example only and is not meant to limit the present disclosure.
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In other embodiments, pressure 1 the sample transfer line 144 may be greater than ten bar
and/or less than four bar. Further, mn certain embodiments, the pressure in the sample transfer
linc 144 may be adjusted so that samples 150 are dispensed i a generally upward direction
{c.g., verticallyy. Such vertical orientation can facilitate transfer of a sample collected at a
location that is lower than the analvsis system 102 {¢.g., where sample source(s} and remote

sampling system{s) are located “dowastairs™ relative to the analysis system 102).

10640} In some examples, the sample transfer line 144 can be coupled with a remote sampling
system 104 in floid communication with a first liquid bath {or chemical bath} and an analysis
systern 102 1o fhud communication with a second liquid bath {or chemical bath). In
embodiments of the disclosure, the svstem 100 may include one or more leak sensors (¢.g.,
mounted i a trough) to prevent or minimize overflow at the first location and/or one or more
remote locations {e.g.. the second location, the third location, the fourth location, and so forth).
A pump, such as a syringe pump or a vacuum purap, may be used to load sample mto the
sampling device 106, A valve 148 may be used to select the sample 150 at the remote sarpling
system 104, and the sample 150 can be supplied to the sample transfer ling 144, which can
deliver the sample 130 to the analysis system 102 at the first location. Another pump, such as
a diaphragm pump, may be used to pump a draimn on the analysis svstem 102 and pull the sample

150 from the sample transfer line 144,

[0¢41] The system 100 can be implemented as an enclosed sampling system, where the gas
and samples in the sample transfor line 144 may not be exposed to the surrounding
environment, For example, a housing and/or a sheath can enclose one or more components of
the system 100. In some embodiments, one or more sampie hines of the remote sampling
system 104 may be cleaned between sample deliverics. Furthermore, the sample transfer line

144 may be cleaned (¢.g., using a cleaning solution) between samples 150

(66427 Reforring now to FIGS. 3A and 3B, exampie configurations for the sample collection
system 110 are depicted. As mdicated, the sample transfer line 144 can be configured to
selectively couple with a sample receiving line 162 (e.g., a sample loop 164} at the first location
so that the sample loop 164 is operable to be i fhud communication with the sample transfer
linc 144 to receive a continuous liquid sample segment. The delivery of the continuous liquid

sampie segment to the sample loop 164 can be referred to as a “catch.” The sample loop 164

is also configured to selectively couple with the analysis device 112 so that the sample loop
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164 may be in fluid commumication with the analysis device 112 to supply the continuous
Lguoid sample segment to the analysis device 112 {e.g., when the system 100 determines that a
sufficient hquid sample segment is available for analysis by the analysis system 102). In
embodiments, a valve, such as a multi-port valve 148 switchable between at least two flow path
configurations {e.g., a first flow path configuration of valve 148 shown in FIG. 3A; a second
flow path configuration of valve 148 shown in FIG. 3B, ctc.) may be positioned between the
sample 150 and the sample loop 164. fn embodiments, a nebulizer 156 may be used i
conjunction with an example analysis device 112, such as high resolution time-of-tlight (HR-
ToF) mass spectrometer analysis device to analyze organic molecules, proteins, and so on in
samples. As indicated 1o FIG. 3B, more than onc multi-port valve 148 mayv be provided in

conjunction with the sample collection system 110.

[0¢43] Referring now to FIG. 4, in an example embodiment of the disclosure, the analysis
system 102 can include one or more detectors configured to deternune that the sample loop
164 contains a sufficient amount of the continuous liquid sample segment for analysis by the
analysis system 102, In one example, a sefficient amount of the continuvous hquid sample can
mchide enough ligquid sample to send to the analysis device 112, Another example of a
sufficient amount of the continuous hiquid sample can include a continuous liguid sample n
the sample recciving line 162 between a first detector 126 and a second detector 128 {e.g., as
further shown in FEG. 7). The system 100, including some or all of its components, can operate
under computer control, such as, through a controller 118, For example, the controlier 118 can
mehude a processor 120 to control the components and functions of systems described herem
using software, firmware, hardware (e.g., fixed logic circuitry), manual processing, or a

2 4

combination thereof The terms “controller,” “functionality,” “service.” and “logic” as used
herein generally represent software, firmware, hardware, or a combination of software,
firmware, or hardware in conjunction with controiling the svstems. In the case of a software
implementation, the module, functionality, or logic represents program code that performs
specified tasks when executed on a processor {€.g., cendral processing unit {CPU)Y or CPUs).
The program code can be stored m one or more compuier-readable memory devices (e.g.,
mternal memory and/or one or more tangible media), and so on. The structures, functions,
approaches, and techniques described herein can be implemented on a varicty of commercial

computing platforms having a variety of processors.
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[0644] For mstance, one or more components of the system, such as the analysis system 102,
remote sampling system 104, valves 148, pumps, and/or detectors {e.g., the first detector 126,
the second detector 128, a sample detector 130) can be coupled with the controller 118 for
controlling the collection, delivery, and/or analysis of samples 150, Forexample, the controller
118 can be configured to switch the valve 148 couphng the sample loop 164 to the analysis
system 102 and direct a sample 150 from the sample loop 164 to the analysis system 102 when
a successful “catch” is indicated by the first detector 126 and the second detector 128 (e.g.,
when both sensors detect iquid). Furthermore, the controller 118 can implement functionality
to determine an “ansuceessful cateh™ (e.g., when the sample loop 164 1s not filled with encugh
of a samaple 130 for a complete analysis by the analysis systermn 102). In some cmbodiments,
an “unsuccessful catch” may be determuned based upon, for instance, variations in the signal
mtensity of a signal received from a sensor, such as the first detector 126 or the second detector
128. In other embodiments, an “unsuccessful catch™ may be determined when the first detector
126 mdicates a sample 130 in the sample receiving line 162 and a predetermined amount of
tme passes i which the second detector 128 has not indicated a sample 150 mn the sample

receiving ling 162,

[6045] In some cmbodiments, the controller 118 may be communicatively coupled with an
mdicator at a remote location, such as the second location, and can provide an mdication {e.g.,
an alert) at the second location when insufficient sample 130 is received at the first location.
The indication can be used to initiate {¢.g., automatically) additional sample collection and
delivery. In some embodiments, the indicator may provide an alert to an operator (¢.g., viaone
or more indicator lights, via a display readout, a combination thercof, etc.). Further, the
mdication can be timed and/or initiated based upon one or more predetermined conditions (e.g.,
only when multiple samples have been missed). In some embodiments, an indicator can also
be activated based upon conditions measured at a remote sampling site. For mstance, a detector
130 at the second location can be used to determine when sample 150 is being provided to a
remote sampling system 104, and the indicator can be activated when sample 150 is not being

collected.

{0846} o some embodiments, the controller 118 may be capable of providing different timing
for the collection of samples from different remote locations, and/or for different tvpes of
samples 1530. For example, the controller 118 can be alerted when a remote sampling system

104 is ready to deliver a sample 150 to the sample transfer line 144, and can initiate transfer of



WO 2019/199825 PCT/US2019/026579
14

the sample 130 imto the sample transfer line 144,  The controller 118 can also be
communicatively coupled with one or more remote sampling systems 102 to receive {and
possibly log/record) wdentifving information associated with samples 150, and/or to control the
order that samples 150 are delivered within the system 100, For example, the controller 118
can remotely queue multiple samples 150 and coordinate their delivery through one or more of
the sample transfer lines 144. In this manner, delivery of samples 150 can be coordinated along
multiplc stmuliancous flow paths {(e.g., through multiple sample transfer lines 144}, onc or
more samples 130 can be in transfer while one or more additional samples 150 are being taken,

and so on.

[6047} As indicated in FIG. 4, the controller 118 can inchide a processor 120, a memory 122,
and a communications interface 124. The processor 120 may provide processing functionality
for the controller 118 and can include any sumber of processors, micro-controllers, or other
processing systems, and resident or external memory for storing data and other mformation
accessed or generated by the controller 118 The processor 120 can execute one or more
software programs that implement technigues described herein.  The processor 120 is not
hmited by the materials from which i 18 formed or the processing mechanisms employed
therein and, as such, can be implemented via semiconductor(s) and/or transistors {¢.g., using

glectronic integrated circuit {1C) components), and so forth.

(00487 The memory 122 is an example of tangible, computer-readable storage medivm that
provides storage functionality to store various data associated with operation of the controller
118, such as software programs and/or code segments, or other data to instruct the processor
120, and possibly other components of the controller 118, to perform the functionality
described herein. Thus, the memory 122 can store data, such as a program of instructions for
operating the system 100 (imcluding its components), and so forth. It should be noted that while
a single memory is described, a wide vanety of types and combinations of memory {£.g.,
tangible, non-transitory memory) can be coploved. The memory 122 can be integral with the

processor 120, can comprise stand-alone memory, or can be a combination of both.

{0849} The memory 122 can include, but is not necessarily hmited to: removable and non-
removable memory components, such as random-access memory (RAM), read-only memory
{(ROM), flash memory (¢.g., a secure digital (SD) memory card, a mini-SD memory card,

and/or a micro-SD memory card}, magnetic memory, optical memory, vmiversal senal bus
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{USB) memorv devices, hard disk memorv, external memory, and so forth. In
mnplementations, the system 100 and/or the memory 122 can mclude removable mtegrated
circuit card (1CC) memory, such as memory 122 provided by a subscriber identity module
{S1M) card, a universal subscriber identity module (USIM) card, a universal integrated circuit

card (UICC), and so on.

(663587 The communications interface 124 15 operatively configured to comprunicate with
components of the system. For example, the communications interface 124 can be configured
to tranamit data for storage in the system 100, retrieve data from storage in the system 100, and
so forth. The communications mterface 124 may also be communicatively coupled with the
processor 120 to facilitate data transfer between components of the system (00 and the
processor 120 (e.g., for commumicating inputs to the processor 120 received from a device
communicatively coupled with the controller 118). It should be noted that while the
communications imterface 124 is described as a component of a controller 118, one or more
components of the communications interface 124 can be mmplemented as external components
communicatively coupled to the system 100 via a wired and/or wireless connection. The
systera 100 can also comprise and/or connect to one or more input/ovtput (1/0) devices (e.g.,
via the communications interface 124}, including, but not necessarily limited to: a display, a

mouse, a touchpad, a kevboard, and so on.

[0¢51] The communications interface 124 and/or the processor 120 can be configured to
communicate with a variety of different networks, including, but not necessanily hnuted to: a
wide-area celtular telephone network, such as a 3G cellolar network, a 4G celhdar network, or
a global system for mobile commumications (GSM} network, a wircless computer
communications network, such as a Wi-Fi network {c.g., a wireless local area network
{WLAN) operated using IEEE 802 11 network standards): an mtemet; the Internet; a wide area
network (WAN); a local arca network (LAN); a personal area network (PAN) {¢.g., a wireless
personal area network (WPAN) operated using TEEE 802.15 network standards); a public
telephone network; an extranet; an intranet; and so on. However, this list is provided by way
of example only and 1s not meant to limit the present disclosure. Further, the comnuumications
mterface 124 can be configured to communicate with a single network or multiple networks

across different access points.
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10652} Referrmg now to FIG. 5, in an example wplementation, a sample detector 130, such
as the first detector 126 and/or the second detector 128 of FIG. 4 may include a light analyzer
132, an optical scnsor 134, a conductivity sensor 136, a metal sensor 138, a conducting sensor
140, and/or a pressure sensor 142. It is contemplated that the first detector 126 and/or the
second detector 128 may include other sensors. For example, the first detector 126 may melude
a Hght analyzer 132 that detects when the sample 150 enters the sample loop 164, and the
second detector 128 may include another fight analyvzer 132 that detects when the sample loop
164 15 filled. This example can be referred to as a “successful catch.” 1t should be noted that
the light analyzers 132 are provided by way of example only and are not meant to limit the
present disclosure. Uther example detectors imclude, but arc not necessarily himited to: optical

sensors, conductivity sensors, metal sensors, conducting sensors, pressure sensors, and so on.

6633 Referring now to FIG. 6, an example system 600 inchides the remote sampling system
104 m fluid communication with the analysis system 102, wherein the analysis system 102
meludes a multiposition valve 610 coupled with three analvsis devices (shown as ICPMS 602,
ton chromatograph (IC) Columm 604, and Fourier transform infrared spectroscopy (FTIR) 606)
for analysis of the sample received from the remote sampling system 104, While FIG. 6 shows
an embodiment where the analysis system 102 mcludes three analysis devices, the analysis
system 102 can include fower (g, less than three) or more {¢.g., more than three) analysig

devices 112,

10654} Referring now to FIG. 7, an example systern 100 can determine when a continuous
hguoid sample scgment is contained in a sample recetving line 162 and/or when a sample loop
164 contains a sufficient amount of the continuous liquid sample segment for analysis (e.g., by
the analysis system 102}, in example embodiments, a first detector 126 can be configured to
determine two or more states, which can represent the presence of hiquid {¢.g., a ligmd sample
segment) at a first location in the sample receiving line 162, the absence of liquid at the first
location i the sample receiving hine 162, and so forth. For example, a first state {e.g.,
represented by a first logic level, such as a high state) can be used to represent the presence of
a liquid sample segment at the first location 1n the sample receiving line 162 (e.g., proximate
to the first detector 126}, and a second state (o.g., represented by a second logic level, such as
a low state) can be used to represent the absence of a iquid sample segment at the first location

mn the sample receiving line 162 (¢.g., a void or gas in the sample receiving ting 162).
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[0635] In some embodiments, a first detector 126 may include a pressure sensor 142 that can
be used to detect the presence of hiquid at the first location in the sample receiving hne 162
{c.g., by detecting an mcrease in pressure in the sample receiving line 162 proximate to the first
location when liquid 1s present). The fivst detector 126 can also be used to detect the absence
of hiquid at the first location in the sample recetving line 162 (e g., by detecting a decrease
pressurc in the sample receiving line 162 proximatie to the first location}. However, a pressure
sensor 1s provided by way of example and is not meant to limit the present disclosure. In other
embodiments, a first detector 126 mav include an optical sensor 134 that can be used to detect
the presence of hiquid at the first location in the sample receiving line 162 {c.g., by detecting a
reduction in light passing through the sample receiving line 162 proximate to the first location
when liguid is present). The first detector 126 can also be used to detect the absence of hiquid
at the first location in the sample receiving line 162 {¢.g., by detecting an increase in hight
passing through the sample receiving line 162 proxamate to the first location). In these
examples, the first detector 126 can report the presence of liguid sample at the first location as

a high state and the absence of liquid sample at the first location as a low state.

{0856} In some embodiments, the system 100 may also include one or more additional
detectors, such as a second detector 128, a third detector, and so forth. For example, the second
detector 128 can also be configured to determine two or more states, which can represent the
presence of liguid {¢.g., a Hguid sample scgment) at a sccond location in the sample receiving
line 162, the absence of liquid at the second location in the sample receiving ling 162, and so
forth. For example, a first state {e.g., represented by a first logic level, such as a high state)
can be used to represent the presence of a hiquid sample segment at the second location i the
sample recetving line 162 {¢.g., proximate to the second detecior 128), and a second state {e.g.,
represented by a second logic level, such as a low state) can be used to represent the absence

of a liquid sample segment at the second location in the sample receiving line 162,

[0657] In some embodiments, the second detector 128 may include a pressure sensor 142 that
can be used to detect the presence of igund at the second location n the sample receiving line
162 {e.g., by detecting an increase in pressure in the sample receiving line 162 proxamate to
the second location when liquid is present}. The second detector 128 can also be used to detect
the absence of liquid at the second location in the sample receiving hine 162 {¢.z., by detecting
a decrease in pressure in the sample receiving hine 162 proximate to the second location).

However, a pressure sensor is provided by way of example and 15 not meant to limit the present
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disclosure. In other embodiments, a second detector 126 comprising an optical sensor 134 can
be used to detect the presence of liguid at the second location m the sample receiving line 162
{c.g., by detecting a reduction in light passing through the sample receiving line 162 proximate
to the second location when liguid is present). The second detector 126 can also be used to
detect the absence of liguid at the second location in the sample receiving line 162 (e.g., by
detecting an increase in light passing through the sample receiving line 162 proximate to the
second location). Inthese examples, the sccond detector 128 can report the presence of liquid
sampie at the second location as a high state and the absence of liquid sample at the second

location as a low state.

[6058] A controller 118 (shown in FIG. 4) can be communicatively coupled with one or more
detector{s) 126, 128 and can register hquid at the first location in the sample recetving line 162,
the second focation in the sample receiving line 162, another location in the sample receiving
line 162, and so on. For example, the controller 118 may imtiate a detection operation using a
first detector 126, and liguid at the first location in the sample receiving ine 162 can be
registered by the controller 118 (e.g., when the controller 118 registers a change of state from
low to high as determined by the first detector 126). Then, the first detector 126 may be
monitored {¢.g., contimuously, at least substantially continuvously), and the controller 118 can
subsequently register an absence of higuid at the first location in the sample receiving ling 162
{e.g.. when the controller 118 registers a change of state from high to low as detormined by the

first detector 126).

[0059) Similarly, the controller 118 can alsc mitiate a detection operation using a second
detector 128, and higuid at the second location in the sample receiving line 162 can be registerad
by the controlier 118 (c.g., when the controller 118 registers a change of state from low to high
as deternuned by the second detector 126). Then, the second detector 128 may be monitored
{e.g.. continuously, at least substantially continuously), and the controlier 118 can subsequently
register an absence of hiquid at the second location in the sample receiving line 162 {e.g., when
the controller 118 registers a change of state from high to low as determined by the second

detector 128},

[6068] The controller 118 and/or one or more detectors 126, 128 can include or influcnce the
operation of a timer 1o provide uming of cerfain events {¢.g., presence or absence of liquids at

particular times at multiple locations in the sample receiving line 162) for the system 100, As
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an example, the controller 118 can monitor the times at which changes of state are registered
by the various detector{s} in order to make determinations as to whether to allow the liguud
sample to be directed to the analysis system 102 {c.g., as opposed to directing the liguid to
waste or a holding loop). As another example, the controller 118 can monitor the time that a
hguad spends in the sample receiving line 162 and/or the sample loop 164 based apon the

change of states registered by the controlier 118 via the detector(s) 126, 128.

[0061] Referring now to FIG. 8A, the sample transfer line 144 may include multiple sample
segments. Generally, when a sample is obtained proximate an associated analysis device {e.g.,
an autosampler next to an analysis device), the sample can span the entire distance between the
sampie source and the analysis device without requiring substantial sample amounts. However,
for long-distance transfer of a sample, filling the entire transfer line 144 (indicated in FIGs, 2A
and 2B} between with the remote sampling system 104 and the analysis system 102 {e.g., up to
hundreds of meters of sample length) could be prohibitive or undesirable, such as due to
environmental concerns with disposing unused sample portions, viscosity of the sample, or the
ke, Acecordingly, in embodiments, the remote sampling system 104 may not fill the entire
transfer line 144 with sample, rather, a liquid sample segment representing a fraction of the
total transfer line 144 volome may be sent through the transfer line 144 for analysis by the
analysis system 102, For example, while the transfer hine 144 can be up to undreds of meters
long. the sample may occupy about a meter or less of the transter ling 144 at any given time
during transit to the analysis svstem 102, While sending hquid sample segments through the
hine can reduce the amount of sample sent from the remote sample systems 104, the sample
can incur bubbles or gaps/voids in the sample transfer hine 144 during transit to the analysis
systern 102, Such bubbles or gaps/veids can form due to circumstances associated with long-
distance transfer of the sample such as changes in orifices between tubing during transit, due
to interaction with residual cleaming flnd used to clean the lines between samples, due 1o
reactions with residual fluid 1o the hines, duc to pressure differential{s} along the span of transfer

line, or the hike.

{0862} In an example embodiment, a higquid sample 800 can be sent from the remote sampling
systern 104 through the transfer line 144 to the first location where the analysis system 102 is
located. The volume of the total sample obtained by the remote sampling system 104 may be
represented by Vror in FIG. 8A. As shown, gaps or voids 802 can form in the transfer line 144

during transit from the remote sampling svstem 104, The gaps or voids 802 may partition a
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number of sample segments 804 that may not contain sufficient amounts or volume of sample
for analysis by the analysis system 102, Such sample segments 804 can precede and/or follow
a larger sample segment 06 having a volume (shown as Vsameos) sufficient for analysis by
the analysis system 102, In embodiments, the quantity of sample coliected by the remote
sampling system 104 (e.g., Vror) may be adjusted to provide a sufficient amount of sample
150 for analvsis by the analvsis device 112. For instance, the volumetric ratio of the amount
of sample 150 “pitched” to the amount of sample 130 “caught” (e.z., Vror/ VeamrrLe) may be
at least approximately one and one-quarter (1.23). However, this ratio is provided by way of
example only and is not meant to imit the present disclosure. In some embodiments the ratio
may be greater than one and one-guarter, and in other embodiments the ratio may be less than
one and one-quarter. In an example embodment, two and one-half mulhibiters (2.5 mib} of
sample 150 {e.g., concentrated sulfuric acid or miric acid) may be pitched, and one milkliter (1
mb} of samplc 150 mav be caught. In another example embodiment, one and one-half
milliliters (1.5 mL} of sample 150 may be pitched, and one pulliliter {1 ml} of sample 150
may be caught. In embodiments of the disclosure, the amount of sample 130 “pitched” may
be adjusted to account for the distance between the first focation and the second location, the
amount of sample transfer line tubing between the first location and the second location, the
pressure in the sample transfer tine 144, and so forth. In general, the ratio of Vyor / Vsaveir
can be greater than one to account for the formation of the gaps/voids 802 and sample segments

304 1n the sample transter line 144 during transfer.

[0663] In some embodiments, the system 100 can facilitate transfer of suitable continuous
hquid sample scgments through control of the gas pressure supplied to the sample in transfer
kinc 144. For mstance. for samples having a low surface fension or having a surfactant to
artificially lower the surface tension of the sample, sudden application of gas pressure to the
sampie to push the sample through the transfer line 144 may introduce gas bubbles 1o the
sample, causing the gaps or voids 802 to form smaller sample segments 804 insiead of the
continuous ligquid sample segment 806 suitable for analysis by the analysis system 102, The
sudden application of gas pressure can be due to regulation of gas flow from the gas supply
146 from an off configuration to a full on configuration (e g, a predetermined transfer pressure
to transfer the sample 150 through the transfer line 144}, In implementations, a flow controller
is coupled to the gas supply to regulate the pressure of gas provided from the gas supplyv 146
to the sample for transter through the transfer ine 144 with periodic or gradual increases in

pressure over time. For example, the flow controller can regulate the gas flow from the gas
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supply 146 from a first state (e.g., an off state, a base pressure, zero pressure, etc.) with
continuous or periodic increases in pressure over a time pertod until reaching a second state
{c.g.., a predetermined transfer pressure, a maximum transfor pressure, c¢itc). In an
mmplementation, the time period in which to increase the pressure may be approximately one
minute from the first state to the second state. The increases in pressure can include, but are
not limited to, linear increases in pressure, nonlinear increases in pressure, periodic or step-
based increascs i pressure, or combinations thereof. In implementations, the flow controlier
can control the pressure mcrease according to a sample identity of the sample to be transterred
from the remote sampling system 104, For example, the flow controller can operate under
computer control to regulate the appropriate pressure increase reguuen, such where the
computer can access a fable having preset pressure mcrease regimens associated with particular
sample identities. For a given sample identity, the computer can identify the sample identity
of the sarpie to be transferred from the remote sampling system 104, load the corresponding
pressure increase regimen for the flow controller to regulate the pressure increase in the gas
flow from the gas supply 146 to transfer the sample. In implementations, the flow controller
is used m combination with the backpressure system 200 described above, with an optional
buffer liquid mtroduction system 300 described in reference to FIG. 3(, or combinations

thereof.

[0¢64] Referring now to FIG. 8B, in an example embodiment, the system 100 can facilitate
transter of suitable continuous hiquid sample segments through the introduction of a
backpressure within the system 100 {¢.g., during transfer of the sample 150 through the transfer
hine 1443, For example, the system 100 can include a backpressure system 200 configured to
mtroduce a backpressure to the transfer line 144 during transit of a sample from the remote
sampling system 104, where the sample can include a fliid with a high vapor pressure, fow
surface tension, or other characteristic that could canse a tendency for the sample to naturally
segment or degas within the transfer ling. The backpressure system 200 is shown having two
backpressure chambers 202a and 202b fluidically coupled with a gas pressure source 204 to
receive pressurized gas within the backpressure chambers 202a and 202b.  While two
backpressure chambers are shown, the system 100 15 not bmaited to two backpressure chambers
and can include fewer than two back pressure chambers or more than two backpressure
chambers. The gas pressure source 204 can include a source for an inert gas, including but not
bimited to Argon, to provide backpressure agamst the transter of the sample 150 through the

transfer line 144,
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0063} The gas pressure source 204 can be coupled with a pressure regulator 206 to control an
output pressure of gas from the gas pressure source 204 to be received by the backpressure
chambers 202a and 202b. In general, the pressure regulator 206 may control the output
pressure of gas from the gas pressure sovrce 204 to supply a backpressure to the transfer hine
144 that may be less than a transfer pressure supplied by the remote sampling system 104 to
permit passage of the sample through the transter line 144 while maintaining a continuous
hiquid sample segment 806, For example, the pressure regulator 206 can supply a 1 bar pressure
of gas from the gas pressure source 204 to the backpressure chambers 202a and 202b, whereas
the remote sampling system 104 can supply the sample 150 at a pressure that may exceed the
1 bar backpressure, such as a supply pressure of 2 bars or the like, to transfer the sample 150
through the transfer line 144 toward the sample loop 164. In mmplementations, the remote
sampiing systerm 104 may include a controler to control flow rate or pressure differential ora
combination of both flow rate and pressure differential to maintain sample flow. This may be
based on the tvpe of sample that may be mtroduced to the system 100. For instance, the
controller may control a gas regulator that may supply a constant pressure higher than the back
pressure system for transfer. In other embodiments, the controller mav control a mass flow
controller to push a desired mass flow rate of sample from the remote samphing svstem 104
through the transfer line 144, The mass flow controller can provide a constant flow of fluid in
the transfer ling 144 by controlling a gas supply (e.2., gas supply 146} to push against the fluid
through the transfer line 144, where the pressure of the gas supply can be controlied or varied
by the mass flow controller. For example, the mass flow controller can alter the pressure of
gas supplied to the transfer line 144 to maintain a preset flow rate or change to another flow
setting based on changes in conditions of the transfer line 144 during transfer, changes n

backpressure, or the like.

[B¢6s] Referring now to FIG. 8C, an optional buffer liquid iotroduction systen 300 may be
descnbed. The svstem 100 of FIGS. 1 through 8B may facilitate transfer of suitable continnous
hiquid sample segments through applyving gas pressure o a buffer guid located in the transfer
hine 144 between a sample to be sent to the analysis system 102 and the remote sampling svstem
104. For example, for samples that may have a low surface tension or having a surfactant to
artificially lower the surface tension of the sample, sudden application of gas pressure to the
sampie to push the sample through the transfer ine 144 can imtroduce gas bubbles to the

sample, causing the gaps or voids 802 to form smaller sample segments 804 insicad of the
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continuous hquid sample segment 806 suitable for analysis by the analvais system 102, In
nplementations, the remote sampling system 104 may introduce the sample 150 to the transfer
linc 144 and may subsequently introduce a buffer hiquid (e.g., D1 water) to the transfer hne
144, A gap or void 802 or gas pocket may be present between the sample 150 and the buffer
fiquid, such as through mitial presentation of gas from the gas supply 146, void space between
a valve holding a loop with the buffer liguid and a valve holding a loop with the sample. or the
like. The remote sampling system 104 can then indroduce gas flow from the gas supply 146 to
push against the buffer liquid, which in turn pushes against the gap or void 802 or gas pocket
between the sample 150 and the buffer iquid to push the sample 150 {e.g., continuous liquud

sample segment 806) through the transfer line 144,

[0¢67) Referring again to FIG. 8C, the buffer liquid introduction system {e.g., at one or more
remote sampling systems 104) may introduce a buffer liguid into the transfer line between gas
from the gas supply 146 and the sample 150, The butfer liquid introduction system 300 may
be m a load configuration in FIG. 8C to load the sample 150 into a sample foop 302 and to load
the baffer liquid mto a buffer loop 304, The buffer hiquid introduction syvstem 300 may include
a valve system 306 including one or morg valves {e.g., rotary valves, selection valves, multi-
port valves, etc.) to control the fluid flow pathways through the buffer higuid introduction
system 300 to manipulate the fhinds introduced to the transfer line 144, For example, the valve
system 306 can include valves 308, 310, 312, and 314 switchable between a plurality of
configurations to direct the flow of fluids through the buffer hquid introduction system 300.
In the loading configuration, the sample 150 mav be directed through valve 314 to valve 312,
which may then direct the sample 150 to valve 308 and nto the sample loop 302, with excess
flow going to waste. The loading configuration can also include loading of the buffer fhnd
mto the buffer loop 304, For example, the buffer fluid {e.g., D water) may be directed to valve
310 and into the bufter loop 304, In implementations, loading of the sample loop 302 with
samapie and loading of the buffer loop 304 with buffer fluid may ccour substantially
simaultancously. Aliematively, the buffer fluid can be provided to valve 310 on a continuous
or intermittent basis to fill the buffer loop 304 whenever the valve 310 is in the loading
configuration. Gas can be supplied to the transfer hne 144 during the loading configuration,
such as providing gas from the gas supply 146 to valve 314, which may be fluidically coupled

to valve 310 which may be fluidically coupled to valve 308 in the loading configuration.
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[00668] Referrmg now to FIG. 8D, the buffer hiquid introduction system 300 may be in atransfer
configiration to push the fluids held in the baffer loop 304 and 1n the sample loop 302 into the
transfer ling 144 to transfer the sample to the analysis system 102 for analysis. For example,
mn the transfer configuration, gas from the gas supply 146 may be directed to valve 310 to push
the buffer fluid held m the buffer loop 304 out of the buffer loop 304 towards valve 308, The
buffer fluid may push against gas present in a fluid line 316 that may provide fluid
communication between valve 310 and valve 308, The gas present in the fluid line 316 may
m tuwm push against the sample held in the sample loop 302 to push the sample mto the transfer
kne 144. For mstance, referring to FIG. 8E, an example of the transfer line 144 is shown,
where gas pressure from the gas supply 146 may causc gas 318 to push the bufter fluid 320
agamnst another section of gas 322 {e.g., gas present in the thud line 316 between the loading
and transfer configurations) which i turn may push against the sample segment 324 to transfer
to the analysic system 102, In implementations, the buffer fhiid 320 may provide a bamier
between the gas 318 and the sample scgment 324 to maintain a contimuous liquid sample
segment (e.g., continuous liquid sample segment 806} suitable for analvsis by the analvsis
system 102, such as by preventing the gas 318 from introducing bubbles mto the sample
segment 324, For example, the buffer fluid 320 can compress the gas 322 to push against the
sample segment 324 in a controlled manner while the butfer fluid 320 takes the force of the
mitial pressure from the gas 318, as opposed to the gas 318 pushing directly against the sample
segment 324 Following transfer, a rinse procedure can introduce a rinse fluid {e.g.. DI water}
to the valve 312, which mav switch configurations to introduce the rinse fluid to valve 310,
through the buffer loop 304, mto valve 308, and through the sample loop 302, Altematively,
the buffer flaid can clean the fluid lines during transfer without a separate rinse procedure. For
example, the volume of the buffer loop 304 can be selected to provide sufficient volume of
butter fluid to rinse the fhuid iines of the system 100 during transfer of the sample to the analysis

systern 102,

(06697 Reforring now to FiG. 8F, in an example implementation, muktiple buffer fluids can be
mitroduced to the transter line 144 1o provide buffer against the gas pressure from the gas supply
146. A valve 326 having a second buffer loop 328 can be inserted between valve 310 and valve
308, with fluid line 330 coupled between valve 310 and vaive 326 and with fluid line 332
coupled between valve 308 and valve 326. Between loading and transfer configurations, gas
can be present in the fluids bines 330 and 332 to provide gas spacing between the sample and

one of the buffer fluids or between the respective buffer fluids. A fluid hine 334 can couple
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valve 310 with valve 326 to provide fluid connection from a buffer fluid source to each of valve
310 and valve 326 to fill the buffer loop 304 and the second buffer loop 328, Alternatively, a
different buffer fluid can be introduced to valve 326 to provide differing buffer fluids in the

transfer bine 144 dunmg transfer of the sample fo the analysis system.

[0¢761 Referring now to FIG. 8G. in an example embodiment, the transfer line 144 s shown,
where gas pressure from the gas supply 146 may cause gas 336 to push the first buffer fhud
338 (e.g., held m buffer loop 304) aganst another section of gas 340 (c.g., gas present in the
fhud line 330 between the loading and transfer configurations) which may push against the
second buffer fluid 342 (e.g.. beld in the second buffer loop 328) which may push against a
further section ot gas 344 {¢.g., gas present m the fluid hine 332 between the loading and transfer
configurations) which in turn may push against the sample segment 346 to transfer to the
analysis system 102, In implementations, the buffer fluids 338 and 342 may provide barriers
between the gas 336 and the sample scgment 346 to maintain a contimuous liquid sample
segment (e.g., continuous liquid sample segment 806} suitable for analvsis by the analvsis
system 102, such as by preventing the gas 336 from introducing bubbles mto the sample
segment 346. For example, the buffer fhuids 338 and 342 can compress the gas segments 340
and 344 to push against the sample segment 3346 m a controlled manner while the buffer fluid
338 takes the force of the mmtial pressure from the gas 336, as opposcd to the gas 336 pushing
directly against the sample segment 346, In implementations, the buffer liquid introduction
system 300 may be used m combination with the backpressure system 200 described above,

the flow controller described above, or combmations thereof,

{6871} in implementations, the system 100 can select which of a plorality of remote sampling
systerns 104 should transmit its respective sample to the analvsis system 102 (e.g., “prich™),
whercby the detectors 126 facilitate determination of whether sufficient sample is present (¢.g.,
¥savrLr in the sampie loop 164) to send to the analysis system 102 {e.g., “catch™), or whether
avoid or gap is present in the line {¢.g., between the detectors 126), such that the sample should
not be sent to the analvsis system 102 at that particular time.  If bubbles or gaps were to be
present {e.g., i the sample loop 164), their presence could compromise the accuracy of the
analvsis of the sample, particularly if the sample were to be diluted or further diluted at the
analvsis systern 102 prior to introduction to the analysis device 112, since the analysis device

112 could analvze a “blank™ solution.
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[0672] In some embodiments, a system 100 can be configured to determing when a continuous
hguoid sample segment {e.g., sample segment 806) 1s contained in a sample receiving line 162
and/or a sample loop 164, such that the system 100 can avoid transferring a gap or void 802 or
smaller sample segment 804 to the analysis device 112, For example, the sysiem 100 can
mclude a first detector 126 at a first location along the sample receiving hne 162 and a second
detector 126 at a second location along the sample receiving line 162 {¢.g., downstream from
the first location). The system 100 may also include a sample loop 164 between the first
detector 126 and the second detector 128, In embodiments, a valve, such as a multi-port valve
switchable between at least two flow path configurations (e.g., a first flow path configuration
of valve 148 shown in FIG. 3A; a second flow path configuration of valve 148 shown in FIG.
3B, etc.), can be positioned between the first detector 126 and the sample loop 164 and between
the second detector 128 and the sample loop 164, In embodiments of the disclosure, the system
100 can determine that a continuous hiquid sample segment is contained in the sample receiving
line 162 and/or the sample loop 164 by registering liquid at both the first location and the
second location at the same time, while not registering a change of state from high to low via
the first detector 126 at the first location.  Stated another way, the liguid sample may be
transferred from the first detector 126 to the second detector 126 continuously, with no change
in state detected by the first detector 126 until the second detector 126 recognizes the presence

of the liguid sample.

[0673] Referring now to FIG. 9, a timeline idlustrating mulftiple liquid sample segments
supplied to a sample receiving line and registered by two example detectors is described. The
timeline of FIG. 9 may be used in conjunction with the system 100 as described in FIG. 7 or
any other systems and methods described in the specification. In an example implementation
in which two or more detectors are used to determine when a sample receiving line contains a
continuous liquid segment between the detectors, a liguid segment 1s received n a sample
receiving line. For example, with reference to FIG. 7, sample receiving line 162 may receive
a hiquid sample scgment. Then, the liguid segment may be registered at a first Jocation in the
sample receiving line by nifiating a detection operation using a first detector that may be
configured to detect a presence and/or an absence of the liquid segment at the first location n
the sample receiving hine. For example, with reference to FIG. 7, the first detector 126 may
detect a liquid sample segment at the first location in the sample receiving line 162 as a change
of state from low to ligh. With reference to FIG. 9, hquid sample segments can be detected at

the first location at times 11 and ts. Then, subsequent to registering the liguid segment at the
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first location, the first detector may be monitored. For instance, with reference to FIG. 7, the
first detector 126 may be monitored by the controller 118, and the first detector 126 may detect
an absence of the iquid sample segment at the first location i the sample receving line 162
as a change of state from high to low. With reference to FIG. 9, the first location may be
monitored (e.g., continuously, at least substantially continuously) beginming at times £ and {5,
and an absence of the liquid sample segments can be detected at the first location at times €

and te.

{0874} Similarly, the liguid segment may be registered at a second location in the sample
receiving line by initiating a detection operation using a second detector that may detect a
presence and/or an absence of the liguid segment at the second location in the sample receiving
lime. For instance, with reference to FIG. 7, the second detector 126 may detect a liquid sample
segment at the second location 1n the sample receiving line 162 as a change of state from low
to high. Withreference to FIG. 9, liquid sample segments can be detected at the second location
at times 2 and t7. Then, subsequent to registering the hiquid segment at the second location,
the second detector may be monitored.  For instance, with refergnce to FIG. 7, the second
detector 126 may be monitored by the controlier 118, and the second detector 126 may detect
an absence of the liquid sample segment at the second location in the sample receiving line 162
as & change of state from high to low. With reference to FIG. 9, the second location may be
monitored (e.g., continuously, at least substantially continuously) beginning at times & and 17,
and an absence of the liquid sample scgments can be detected at the second location at times 4

and tz.

[068757 When liquid is registered at both the first location and the second location at the same
time, a continuous liguid segment may be registered in the sample recciving line between the
first detector and the second detector. For instance, with reference to FIG. 7, when a lugh state
represents the presence of a hquid sample segment at each of the first detector 126 and the
second detector 126, the controller 118 may register a confinuous liquid sample segment in the
sample receiving line 162 (e.g., as present between the first detector 126 and the second
detector 126}, With reference to FIG. 9, a continuous liquid sample segment can be registered

at time t2 when a liguid sample segment is detected at the second location.

[6676] In some embodiments, a logical AND operation can be used to determine when a

continuous hquid segment is registered in the sample receiving line and smtiate transfer of the
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continuous liquid segment from the sample receiving hine to analysis equipment. For instance,
with reference to FIG. 7, the controller 118 can use a logical AND operation on a high state at
cach ot the first detector 126 and the second detector 126 and may initiate a selective coupling
of the sample loop 164 with the analvsis device 112 using the valve 148 so that the sample loop
164 may be in thud communication with the analysis device 112 to supply the continuous
fiquid sample segment to the analysis device 112, In some embodiments, the controller 118
may only determine whether to switch the valve 148 to supply a continuous liguid sample
segment to the analysis device 112 when a state change from low to high is registered at the
first detector 126 or the second detector 126, In some embodiments, the system 100 may
require that the bigh state at the second detector 126 is maintamed for a period of time {e.g., 1A
shown in FIG. 9) prior to imtiating selective coupling of the sample loop 164 with the analvsis
device. For example, a timer or timing functionality of the controller 118 and/or processor 120
can verify the period of ume that the second detector 126 has maindamed the high state,
whereby once the second detector 126 has maintained the high state for time ta (e.g., a threshold
time} and where the first detector 1s 1n the high state, the controller 118 can determune that a
sufficient liquid sample segment {¢.g., segment 806 in FIG. 8A) has been caught, and can
switch the valve 148 to supply the continuous Hquid sample segment to the analysis device
112, The duration of ta can correspond to a time period beyvond which it is unlikely for the
second detector to be measuring a void or bubble, which can vary depending on flow rate of

the sample or other transfer conditions.

[06777 In some embodiments, the controlier 118 can monitor the timing of the first detector
126 at the high state and/or at the low state. For example, in embodiments where the flow
characteristics of the sample being transferred from the remote sampling system 104 are
konown, the first detector 126 can be monitored to determine the length of tune spent in the high
state to approximate whether sufficient biguid sample would be present m the sample receiving
linge 162 and/or the sample loop 164 {o cause the controller 118 to send the sample to the
analysis device 112, cither with or without confirmation of 3 high state at the second detector
126. For example, for a given flow rate of the sample, the volume of the sample can be
approximated by monitoring the length of ime that the first detector 126 has been in the high
state. However, the flow rate of a sample may not be readily apparent due to fluctuations n
pump functionality, tvpe of sample transferred, viscosity of sample, duration of transfer,
distance of transfer, ambient temperature conditions, transfor ine 144 temperature conditions,

or the hike, so the functionality of the sccond detector 126 can be informative.
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[0678] In embodiments of the disclosure, the systems and techniques described herein can be
used to determine that a portion of a sample receiving hine (e.g., a sample loop) between the
first detector 126 and the second detector 126 15 filled without the presence of bubbles. For
example, the absence of liquid sample at the first location between times ts and ts as described
with reference to FIG. 9 may correspond to the presence of a bubble in the sample receiving
line 162, When the system 100 has reached a condition where no bubbles would be present in
the sample receiving line 162, the controller 118 may switch valve 148 to allow the fhud in the
sample loop 164 1o pass to the analysis device 112 {for analysis or sample conditioning prior

to analysis).

{6679 Referring now to FIG. 10, an example procedure 810 is descnibed in an example
implementation in which two detectors are used to determine when a sample receiving line
contains a sufficient amount of sample in a continuous liguid sample segment for analysis by
an analysis system, with no gaps or voids in the continuous liguid sample segment. As shown,
a hquid segment may be received in a sample receiving line (Block 812). For example, the
sample receiving line 162 can receive the sample obtamed by the remote sampling system 104
and transterred through transit line 144, The procedure 810 also includes registering the liquid
segment at a first location in the sample recetving line with a first detector configured to detect
the presence and/or absence of the liguid segment as it travels past the first location {Block
814y, For example, the first detector 126 can measure the presence of the hiquid sample
segment at the first location in the sample recetving line 162, With reference to FIG. 9, liqud

sample segments may be detected at the first location at times t1 and ts.

06088} Next, subscquent to registering the hquid segment at the first location, the first detector
may be monitored (Block 816). For mstance, the first detector 126 can be monitored by the
controller 118 to determine whether there is an absence of the ligpud segment at the first
location 10 the sample recciving bine 162 {¢.g., whether the first detector 126 has transttioned
from a high state, indicating detection of sample thud, to a low state, wherein no sample thud
is detected). With reference to FIG. 9, the first location may be monttored (¢ g., continuously,
at least substantially continuously) beginning at times ¢ and ts. Then, a continuous liqud
segment may be registered in the sample receiving line when an absence of the liguid segment
at the first location i the sample receiving line 1s not registered before registening the liquid

segment at a second location n the sample receiving line downstream from the first location
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by performing a detection operation using a second detector configured 1o detect a presence
and/or an absence of the liquid segment at the second location (Block 818). For example, with
reference to FIG. 9, the first detector 126 may detect the presence of the sample fluid at times
t1 and ts, whereas the second detector 126 may detect the presence of the sample thud at times
2 and t7. Only the hquid sample segment between times t1 and t3 at the first detector would be
registered by the second detector {beginning at time 2} without the first detector 126 detecting
an absence in the interim time before the second detector detected that sample segment. At
such time, the controller 118 could direct the valve 148 to switch to send the sample contained
in the sample loop 164 to the analysis device 112, While the first detector 126 registers the
presence of the liquid sample at 15, the first detector 126 also detects the absence of the liguid
sample at 16, before the second detector 126 subscquently detects the presence of the liquid
sample at 17, As such, the system 100 may recognize that a gap or void {e.g., gap/void 802) is
present in the sample loop 164 and may oot switch the valve 148 for analysis, instead allowing
the inadequate sample segment {e.g., liquid segment 804) to pass to waste. As described heremn,
a timer {¢.g., mplemented by the controller 118} can be used to cause the valve 148 to switch
once the second detector 126 has mamtamed the high state for a certamm period of time {e.g., ta}

after the first detector 126 has maintained the high state 1 the interim.

[0081] Referring now to FIG. 11, an cxample control flow diagram for system 100 1s
tHustrated. The analysis system 102 may be in fluid communication with two remotc sample
locations, shown as sample location 900 and sample location 902, via two remote sampling
systems 104a and 104b and associated transfer lines 144a and 144b. In the embodiment shown,
the analysis system 102 may send commands to each of the remote sampling system 104a and
the remote sampling svstem 104b, shown as 904a and 904b, respectively. The remote sampling
systermn 104a and the remote sarapling svstem 104b may each transfer the sample obtained at
the respective sampling location (sampling location 900 for remote sampling system 104a,
sampling focation 902 for remote sampling system 104b) to the analysis system 102 via transfer
linc 144a and transfer line 144b, respectively. The analvsis system 102 may then process the
sampies to determine amounts of various chemical species container therein. The analvsis
system 102 may then determine whether any of the amounts of the chemical species exeeads
an element-specific hnut {e.g., a limit for a specific contaminant in the sample). In
embodiments, the system 100 can set contanunation himits independently for cach sampling
location and for particular chemical species at cach sampling location independently. For

example, the tolerance for a particular metal contaminant may decrease during processing, so
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downstream chemical samples may have lower hinuts for the particular chemical specices than

for chemical samples taken upstream.

[0082] As shown i FIG. 11, the analysis system 102 may determine that no chemical species
exceeds any of the element-specific limits for the sample obtained at sampling location 900 by
the remote sampling system 104a. The analysis system 102 may then send a CIM Host 906 an
mdication, shown as 908%a, to permit continuation of process applications at the samphing
location 900 due to operation of the process applications below the element-specific limits.
The analysis system 102 may determine that at least one of the chemical species present in the
sample obtained at sampling location 902 by the remote sampling system 104b exceeds the
element-specific limit (c.g., a limit for a contaminant in the sample). The analvsis system 102
may then send the CIM Host 906 an indication, shown as 908b, to send an alert directed to the
process applications at the sampling location 902 due o operation of the process applications
above the element-specific limits. The CIM Host 906 may then direct, via a stop process
command 910, the processes at the sampling location 902 1o stop operation based upon the
analysis of the sample obtained by the remote samphing system 104b at the sampling location
902 In embodiments, communication between the CIM Host 906 and the components of the
systern 100 can be facilitated by the SECS/GEM protocol.  In embodiments, the svstem 100
can include context-specific actions when an element is determined to be above an element-
specific limit in a sample for a particular sample location, where such context-specific actions
can mclude, but are not limited to, 1ignoring an alert and continuing the process operation,
stopping the process operation, running a system calibration and then re-running the over-limit
sample, or the like. For example, upon a first alert, the analysis system 102 can perform a
calibration {or ancther calibration} and then re-run the sample, whereas a subsequent alert (e g,
a second alert) would cause the CIM Host 906 1o command the processes at the offending

sampling location to halt operations.

[0683] Reforring now to FIG. 12, the systems 100 described m reference to FIGs. 1 through
11 can incorporate any number of remote sampling svstems 104 to take samples from any
number of sampling locations. In the implementation shown in FIG. 12, the system 100 can
melude five remote sampling systems 104 (shown as 104A, 104B, 104C, 104D, 104E)
positioned at five differcnt locations of a process facility utilizing chemical baths, bulk
chemicals, environmental effluents, and other liquid samples. The remote sampling systems

104 may acquire samples at the different locations to transfer to the analvsis system 102
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positioned remotely from each of the five remote sampling systems 104, A first remote
sampling system 104A may be positioned proximate a deionized water pipeline 1000 and
spaced from the analysis system 102 by a distance (shown as ds} of approximately forty meters
(40 m). A sccond remote sampling system 104B may be positioned proximate a distribution
valve point 1002 and spaced from the analysis system 102 by a distance {(shown as duj of
approximately eighty meters (80 m). A third remote sampling system 104C may be positioned
proximate a chemical supply tank 1004 and spaced from the analysis system 102 by a distance
{shown as ds) of approximately eighty meters (80 m). The chemical supply tank 1004 may be
positioned remotely from, and supplied with chemical from, a chemical storage tank 1008, A
fourth remote sampling system 104D may be positioned proxumate a chemical supply tank
1006 and spaced from the analysis system 102 by a distance (shown as d2) of approximately
eighty meters (80 m}. The chemical supply tank 1006 may be positioned remotely from, and
supplied with chemical from, the chemical storage tank 1008, A {ifth remote sampling system
104E may be positioned proximate the chemical storage tank 1004 and spaced from the
analysis system 102 by a distance (shown as d1) of approximately three hundred meters (300
m). While five remote sampling systems 104 are shown, the system 100 can utilize more than
five remote sampling systems 104 or less than five remote sampling systems 104 to monitor
ultra-trace tmpunties throughout the processing facility, such as at other process strcams,
chemical baths, bulk chemical storage, environmental effluents, and other hquid samples. In
an implementation, the transfer of sample from the remote sampling systems 104 to the analysis
system is provided at a rate of approximately 1.2 meters per second (1.2 m/s), providing near
real-time analysis (e.g., ICPMS analysis) of the ultra-trace impurnities throughout the processing

facility.

[6084] Reforring now to FIG. 13, a chart showing metallic contamination of a chenucal bath
for semiconductor manufacturing processes (SC-1 bath} over time may be provided. The chart
mchudes a portion 1100 showing data points for metallic contamination measured from manual
samples taken at three points in time. The chart alse mecludes a portion 1192 showing the data
points for metallic contamination measured from manual samples from portion 1100
superimyposed on data points for metallic contamination measured from samples taken from the
systern 100 {¢.g., from the remote samphing systems 104) at a sampling frequency exceeding
that of the manual sampling method {¢.g., at least sixteen to seventeen times more frequently).
As shown 1 portion 1102, a gradual increase in contamunants mav occur over time in the

sermconductor mamufacturing process. Life time or life counts methods of determining when
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to exchange the chemicals m a particular semiconductor process {¢.g., the manual sampling
techmique from portion 1100} may often be unable to account for the particularities of the
metallic contamination over time.  As such, the chemicals may often be exchanged without
knowledge of the metal contaminants in the bath. This can result in over-exchanging, where
the chemuical bath could actually provide additional wafer processing but is changed out
anyway {(¢.g., resulting in loss of process uptime), or in under-exchanging, where the chemical
bath actually may have an unacceptable metallic contamination but is not changed out until a
later time {¢.g., potentially jeopardizing the wafers produced by the process). As can be seen
i portion 1102, the metallic contamination can be tracked with the systemn 100 at a higher
frequency automaticallv. A countamination bimit 1104 15 set to alert the CIM Host 906 when
the contaminant limit is reached for the chemical bath. The svstem 100 can theretore
agtomatically cause a stop i process operations when the contamination limit 1104 15 reached
{e.g.. avoiding under-exchanging), while allowing the process to continue when the
contanunation limit 1104 is not reached, thereby providing process uptime when feasibie {e.g.,

avoiding over-exchanging).

Conclusion

6085} in mmplementations, a variety of analviical devices can make use of the structures,
techniques, approaches, and so on described herein. Thus, although systems arc described
herein, a variety of analvtical instruments may make use of the described techniques,
approaches, structures, and so on. These devices may be configured with imited functionality
{c.g., thin devices) or with robust functionality {e.g., thick devices). Thus, a device’s
functionality may relate to the device s software or hardware resources, €.g., processing power,

memory {e.g.. data storage capability), analytical ability, and so on.

[0086] Generally, any of the functions desenbed herein can be implemented using hardware
{e.g., fixed logic circuitry such as micgrated circuits}, software, firmware, manual processing,
or a combination thereof. Thus, the blocks discussed in the above disclosure generally
represent hardware (e.g., fixed logic circuitry such as integrated circuits), software, firmware,
or a combination thereof. In the mstance of a hardware configuration, the various blocks
discussed in the above disclosure may be implemented as integrated circuits along with other
functionality. Such integrated circutts may include ali of the functions of a given block, svstem,
ot circuit, or a portion of the functions of the block, system, or circuit. Further, clements of the

blocks, systems, or circuits may be implemented across mudtiple integrated circuits.  Such
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mtegrated circuits may comprise various integrated circwts, including, but not necessarily
hmited to: a monolithic integrated circuit, a flip chip integrated circott, a multichip module
mtegrated circuit, and/or a mixed signal integrated circuit.  In the instance of a sofiware
mmplementation, the various blocks discussed in the above disclosure represent executable
mstructions {¢.g., program code) that perform specified tasks when executed on a processor.
These executable instructions can be stored i one or more tangible computer readable media.
In some such instances, the entire system, block, or circuit may be implemented using its
software or firmware equivalent. In other instances, one part of a given system, block, or circuit

may be implemented in software or firmware, while other parts are implemented in hardware.

6087} Although the subject matier has been deseritbed in language specific to structural
features and/or process operations, it is to be understood that the subject matter defingd in the
appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above arc disclosed as example forms of

mplementing the claims.
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What is claimed is:

1. A system, comprising;

a sample transfer ine configured to transport a hquid sample from a remote sampling system
Vid gas pressure;

a sample loop fhudically coupled with the sample transfer line, the sample loop configured to
hold a volumoe of iguid sample; and

a backpressure chamber fluidically coupled with a gas pressure source and with the sample
transter line, the backpressure chamber configured to supply a backpressure against the

tiguid sample during transport through the sample transfer line.

2. The svstem of claim 1, further comprising:

an analysis system configured to collect and analyze the liquid sample from the sample transfer
line, wherein the analysis system comprises one or more of: an fnductively Coupled
Plasma Mass Spectrometer (ICP/ACP-MS), an Inductively Coupled Plasma Atomic
Emission Spectrometer (JCP-AES), hqund chromatograph (LC), lon Chromatograph,
Gas Chromatograph (GC), moisture analyzer, particle counter, or a Fourier transform
infrared spectroscope (FTIR).
3 The system of claim 2, whergin the analysis system is located remotely from the

remote sampling system.

4. The system of claim 2, further comprising:
ong or more detectors configured to determine that the sample loop contains a sutable liquud

segment for analysis by the analysis system.

5. The system of claim 4, wherein the one or more detectors comprises: an optical

sensor, a conductivity sensor, a essure sensor, a metal sensor, or a conducting sensor.

6. The system of claim 4, further comprising:
a controller operable to
control the gas pressure to move the liguid sample through the sample transfer line;

maintain a constant flow rate of the hiquid sample within the sample transfer line;
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communicate with the one or more detectors to detect a presence and/or an absence of
the suitable hguid sample segment at one or more locations on the sample
transfer ling; and

based at least in part on detecting the presence and/or absence of the suitable liqguid

sample segment, allow the liquid sample to be directed to the analysis system.

7. The system of claim 6, wherein the controller is further operable to:
control the gas pressure and/or the backpressure based at least in part on a sample identity of

the hguid sample.

8. A method, comprising:
receiving a hiquid sample at a remote sampling svstem;
preparing the liquid sample for delivery and/or analysis using one or more preparation
techniques;
transferring the liquid sample via a sample transfer hine, wherein transferring the hiquid sample
CoOmMprises:
creating a sample loop fluidically coupled to the sample transfer hine and configured to
hold a volume of liquid sample;
using a gas pressure of a gas pressure source to push the volume of higoid sample from
the sample loop; and
supplving a backpressure against the liguid sample during transport through the sample
transfer line, the backpressure generated by a backpressure chamber fluidically

coupled with the gas pressure source and with the sample transfer line,

9, The method of claim &, further comprising:

receiving the liquid sample at an analysis system; and

analyzing the liquid sample using the analysis system, wherein the analysis system comprises
one or more of: an Inductively Coupled Plasma Mass Spectrometer (JCP/ICP-MS), an
Inductively Coupled Plasma Atomic Emussion Spectrometer (ICP-AES), lhiqud
chromatograph (L{}, Ion Chromatograph, Gas Chromatograph (GC), moisture

analyzer, particle counter, or a Fourier transform mfrared spectroscope (FTIR).

10, The method of claim 8, further comprising:
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controfling the gas pressure and/or the backpressure based at least in part on a sample dentity

of the liquid sample.

i1 The method of claim 8, further comprising:

controlling the gas pressure to move the hquid sample through the sample transfer line;

maintaining a constant flow rate of the liguid sample within the sample transfer line;

using one or more detectors to detect a presence and/or an absence of a suitable liguid
sample segment at one or more locations on the sample {ransfer line; and

based at least i part on detecting the presence and/or the absence of the suitable ligind

sample segment, allowing the ligud sample to be durected to the analysis

svsteni.
12. The method of claim 11, wherein the one or more detectors comprises: an
optical sensor, a conductivity sensor, a pressurc sensor, a metal sensor, or a conducting sensor.

13. The method of claim 11, further comprising:

mitiating a detection operation using a first detector configured to detect a presence or
an absence of a liquid sample segment at a first location in the sample transfer
fine;

registering the liquid sample segment at the first location when the presence of the
liquid sample segment at the first location is detected;

continuously monitoring the first detector for a change of detection state;

mitiating a second detection operation using a second detector configured to detect a
presence or an absence of the liquid sample segment at a second location
downstream trom the first location in the sample transfer ling;

registering the liquid sample segment at the second location when the presence of the
Liquid sample segment at the second location is detected;

registering a continuous liquid sample segment when an absence of the liguid sample
segment at the first location 18 not registered before registering the liquid sample
segment at the second location;

comparing the continuous liquid sample segment with the switable liquid sample
segment, and

based at least in part on the comparison, allowing the liquid sample to be directed to

the analysis system,
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14. The method of claim 8, further comprising:

using a rmse procedure to clean the sample transter line between successive transfer operations.

I5. A system comprising:
a sample transfer line configured to transport a liquid sample fiom a remoie sampling system;
a controlier i communication with the remote sampling svstem; and
a memory comprising compuier-executable imstructions operable to:
receive the liguad sample at the remote sampling system;
prepare the hquid sample for delivery and/or analysis using one or more preparation
technigues;
tranafer the liquid sample via a sample transfer line, wherein transferring the liguid
sample comprises:
creating a sample loop fluidically coupled to the sample transfer line and
configured to hold a volume of hiquid sample;
using a gas pressure of a gas pressure source to push the volume of liquid sample
from the sample loop; and
supplying a backpressure against the liguid sample during transport through the
sample transfer line, the backpressure generated by a backpressure
chamber fluidically coupled with the gas pregsure source and with the

sample transfer line.

16, The system of claim 15, wherein the computer-executable instructions are
further operable to:
controlling the gas pressure and/or the backpressure, based at least in part on a sample identity

of the liquid sample.

17, 'The system of claim 16, wherein the computer-cxecutable instructions are
further operable to:
control the gas pressure and/or the back pressure to move the higuid sample through the sample
transfer line;
maintain a constant flow rate of the liquid sample within the sample transfer line;
detect a presence and/or an absence of a suitable liguid sample segment at one or more locations

on the sample transfer line using one or more detectors; and
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based at least in part on detecting the presence and/or absence of the suitable igmid sample

segment, allow the liquid sample to be directed to an analysis system.

18, The system of claim 17, wherein the computer-executable instructions are

further operable to:

mitiate a detection operation using a first detector configured to detect a presence or an absence
of a liquid samaple scgment at a first location 1 the sample transfer line;

register the hquid sample segment at the first location when the presence of the hquid sample
segment at the first location is detected;

continuousty monitor the first detector for a change of detection state;

mitiate a second detection operation using a second detector configured to detect a presence or
an absence of the liguid sample segment at a second location downstream from the first
location in the sample transter line;

register the liquid sample segment at the sccond location when the presence of the higuid sample
segment at the second location 1s detected;

register a continvous liguid sample segment when an absence of the liquid sample segment at
the first location 15 not registered before registering the liguid sample segment at the
second location;

compare the continuous liguid sample segment with the suitable liqind sample segment; and

based at least in part on the comparison, allow the liguid sample to be directed to the analysis

system.

19, The system of claim 15, wherein the analysis system is located remotely from

the remote sampling system.

20, The system of claim 15, wherein the computer-executable instructions are
further operable to:
process the hiquid sample to determine an amount of a contamunant o the liquid sample;
if the amount of the contanmunant in the hiquid sample exceeds a pre-determined limit, sending

an alert to stop transport of the liquid sample from the remote sampling svstem.
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