
A METHOD OF MEASURING VOLATILE ORGANIC COMPOUNDS Technical Field The present
invention relates 70 a method for measubinc the amount of volatile organic compounds and/or
identifying a target volatile organio compound in a sample. There are also provided systems for
carrying out the method. 10 Background Volatile organic compounds (VOCs) belong to a subset of
organic compounds with inherent physical and chemical properties that allow them to move between
water and air. 15 In general, VOCs have high Vapor pressures, low-to-medium solubilities in water,
and low molecular weights in comparison with other types of organic compounds. Some VOCP may
occur naturally in the environment. While other VOCs (Doc= only as a result of man-made activities,
20 (sabers onfrom both sources. Examples. of VOCs includeformaldehyde,tc:chloreethano,
bromodichioromethane and carbon tetrachloride. There is growing concern regarding the quality of
natural and treated water supplies, which are susceptible to contamination by both natural and
anthropogenic chemical sources. The contamination of these wacer supplies by VOCb is of particular
concern because these compounds potentially can cause significant health effects such as 30 liver or
nervous system broblems, reproductive anomalies, and increased risks of cancer.  presence of VOCs.
Most of the removal methods are bas on stripping of the VOGs present in the sample, and
pervappratdon techniques. 7n the earlierique mentior.ed, an inert gds ts used to sparge the bOOs from
the sample into the gas phase before subjecting the VOCs to a suitable detectich method. A. variation
of this occurs in the introduction of adsorbent to contain the spa red VOCs before 



dE.sorption of the VCR? into a detection In the spadging technique, the. presence of a VOCs in a
sample presents _ large range of ty valfues in. a sample. Nom-pblar VOCs such as ted hydrocarbons
and arpmatic hydrocarbons can be ripped off, while polar compounds like alcohols, ketones, esters,
ethers, nit:riles and thiols form azeotropic mixtures with water and meet with limited success to be
sparged out from a sample. It is possible to introduce a heating process or a longer spargiug time 20
to improve the extent and effic.iein ny of spamging polar COMp011nda in azeotropjc mixtures.
However safety issues  related to the delays/inaccuracies VOCs are of concern 25 or extended
sparging  ility of the VOCs,and/or     the downstream detection of the in the of such heating processes
times.  The other commonly used pervaporation technique targets mostly hydrophobic VOCs and
therefore cannot be suitably adapted to a sample containing a wide range of VOCs. in general,
downstream detent.ion methods to one of the span:Ting or pervaporation techniques are based on the
use of catalytic oxidation followed by non-dispersive infrarea (NDIR) detection methods. Gas and liquid
chromatography wimass spectrometer can also be used but these methods usually rely on
labor-intensive sample collection/lahoratery-basedanalysis,therebyposing limitations to the frequency
of collection and analyses 



5of samples. In. addition, where offsite analyses of samples are required, in of the collected samples
may be =promised daring the conduct of sample collection, transportation and storage. 10 Accordingly,
there is a need to provi.de a new monitoring and detection method for VOCa that overcomes or at
least ameliorates the disadvantages described above, such that in-situ VOC monitoring which is
sensitive, extensive, compact, and offers low power consumption may be used in 15long-term
monitoring applications. Summary In a first aspect, there is provided a method of quantifying the total
amount of VOCs in a sample comprisHng the steps of:  (a) providing a feed stream of polar and
non-polar VOCs In a liquid phase;    (h) separating the feed stream into a volatile phase that 25
predominantly contains non-polar VOCs and a liquid phase that predominantly contains polar VOCs;
(c) passing the liquid phase through a permeable barrier to separate the polar VOCs into a polar VOC
permeate stream and non-VOC ref:Lent:ate s' ; and 30(d) measuring the guantaty of VOCs in the
volatile phase of step (b) and the permeate stream of step (c) to calculate the total. amount of VOCs in
said sample.  In a second aspect, there is provided a. method of identifying targeted VOCs present in
a. saxple, comprising the steps of:      providing a feed s tream of polar and non-idol-am VCCs in a
liquid phaise,      separating _he Peed stream Into a volatile phase :hat predominantly contains
non-polar VOCs and a liquid phase that predominantly contains polar VOCs;    (c) passing the liquid
phase through a permeable barrier 10 to separate the polar VOCs into a polar VOC permeate stream
and non-VOC retentate stream.; and analyzing the VOCs in the volatile '--ss of stepJ and the permeate
stream of step (c) to thereby ident__ said targeted VOCs in sai.d sample. 15 In a third aspect, there is
provided a system to quantiMy the total amount of VOCs in a sample comprising the 



-       (a) means of providing a feed streampolar and non- 20 polar VOCs in a liquid. phase;  (b) means
of separating the feed stream into a volatile-phase that predominantly contains non-polar VOCs and a
liquid phase that predominantly contains polar VOCs;     (c) means of passing the liquid phase through
a permeable 15 harrier to separate the polar VOCs into a polar VOC perdLeate stream and non-VOC
retentate freamq and       (d) meansmeasuring the quantity of VOC in the volatile phase of step (a)
.and the permeate stream of       step (c) to calculate the rota1I amount of VOCs in said 30 sample  In
a iourn aspect, there is provided. a. system to identify targeted  VOCs cobbrising the foliog:  (a) means
of providing a ...eed stream of polar and non-oclar VOCs. in a liouid phase;  (b) means of separating
the feed stream into a volatile mhape that predminahtly contains non-polarand a liquid phase that
Predominantly contains polar VOCs;  (c) means of passing al-                              tile liquid phase
through a permeable barrier to separate the polar VOCs into a. polar VC.C. 10 permeate strea.m and
non-VOC retentate stream; and  (d) means of analyzing the VOCs in the volatile phase step (b) and
the permeate (W- ream of step (o) to thereby ide.nt.if said targeted VOCs in said sample.. 15
Advantageously, the disclosed method of quantifying the total amount of VOCs in a sample allows for
the implementatior of the separating step i.n series before the stem of passing the liquid phase through
a permeable barrier, thereby allowing essentilly for all non-polar 



20 VOCs to be separated from the feed stream before allowing  essentially for liquid phase. separating
step non-polar VOCs   all polar VOCs The inventor  is after tI may he lost,  25 the. total amount of
VOCs tnat can he m.easured. Hence, is essential that the separatinc step is before passing step so
that substantially all the non-polar VOCs and polar VOCs can be captured and measured. 30
Advantageously,the discl.osed method of identifying targeted VOCs oresensa sample allows for the
the step of passing the liquid phase t rouph a. permeable barrier, thereby allowing essentially for all
non-polar VC.Cs to be separated from the feed stream before allowing essenti STL iy c- all polar tots
to he separated the liquid pha e. Advantageously, the disclosed meghod of quantifying the total amcnt
of VOCs in a sample provides a method which is capabledetecting and accounting for a wide range 10
of VOCs, including polar or non-polarcompounds; and hydrophobic or hydrophilic compoumde.
Furthertageusiy,the currendisclosure also    allows for the identification of a targeted. VOCs in a 15
sample in addition to the measurement of the total content of the VOCs within the sample.
Evenfurtheradvaptageouel-J,themethodmaybe incorporated into a mobile system which allows the
on-site sampling and analysis of VOCs, eliminating concerns with regard to maintaining the integrity of
the samples in thr process of transporting and storing the samples. 



75Definitions The following words and terms used herein shall have the meaning indicated:  point of
less than or equal. to 250C when measured at standard conditions. "pre,Lay"and
"subst.antiallyelude"compi e.tely"e.ga. compo: sition which Is ntiallv free" from Y may be completely
free from. Y. Where necessary, the word "substanfia may be omitted from the definition of the
invention. 10 P. ess specifiedthe terms "compris:and "comprise", and grammatical variants thereof, are
in tende.d to represent "open" or "inclusive" language mat they include recited elements but also
permit 15 inclusion of additional, unrecited elements. As used herein, the term "about", in the context
of concentrationsorcomponentsoftheformulations, typi cally means 1/- iatof tne stated value,more 20
typically +/-of the seated value, more typically 35 of the stated value, more typically, 1/- ft of the stated
value, even more typically +/- -L of the stated value, and even more typically +/- 0.5of the stated value.
25 Throughout this disclosure, certain embodiments may he disclosed in a range format. It should he
understood that the description in range format is merely for convenience and brevity and should not
be construed as an inflexible 30 limitation on the scope of the disclosed ranges. Accordingly, the
description of a range should be 



considered to have specifically disclosed all thb possible s b-ranges as well as individual numerical
values wiLhln than range. For example, description of a range such as from 1 to 6 should be
considered to have specifacally disclosed sub-ranges such as from I to 3, from 1 50 , from 1 to 5, from
2 to 4, from 2 to 6, frogs etc., as well as individual numb.erswlthin that    roe, for example, 1, 2, 3,5,s
applies regardless of the breadth of he range. 10Disclosure of Optional Embodiments Exemplary,
non-2=ring embodiments of a IT[07_1" d for messurn a the amount of v31aLi14 organic compounds
and/or identifvino a target volatile organic compound in a sample w-ll now be disclosed. 15 The
method of quantifying. the tchal amount. of VOCs sample compr ise.sta steps of: (a) providing a feed
stream of polar and non-polar VOCs in a liquid ot; 20(b) separating the feed stream into a
volatilephase that predominantly contains non-polar VOCs and a liquid phase-that predominantly
contains polar VGGs;     (c) passing the liquid phase through a permeable barrier to separate the polar
VOCs into a polar VOC permeate 25 stream and non- Ventate stream; and  (d) measuring the auahtity
of VOCs in the volatile phase of step (b) and the permeate stream of step (cl to calculate the total
amount of VOrn in said sample.   (a) crovLding a feed stream of polar ann. non -polar VOCs in a liquid
phase;  (b) separating the feed stream into a volatile phase that. predominantly cont.. sd s non-polar
VOCs and a liquid  -use that credonunacdins Solar POTS; passing the liquid phase t.rough a
permeable b to separate the polar VOCs into a polar VOC permeate stream and non-V00 retentate
stream; and 



(d) ao.alyzingVOrs in the volatile phase of step (b) 10 and the: permeate stream of step (o) to thurebv
-LdentaH said targeted VOCs in salo sample.    The VOCs w thin the samuae to he Quantified or
-identified are not limited and may be selected from the group
15consisninuofdichicroacetonitrile,chloroform, iodobenzene,1,1,2-trichlorotri uoroethane,
trichlorcethylene,perchloroethylehe,carbon. tetrachloride,chloroform,1,1-dichloroethene,vinyl
chloride,trans-1,2-dichloroethene,cis-1, 20 dichlorcethene,dichloromethane,1,1,1-trichloroetsune,
1,1,2-trichicroethane, 1,2-dichloroetiiane, bromoform, hromodichloromethane and
chlorogibromomethane, ethanol, acetone, acetic acid, isopropyl. alcohol. (TPA), dichloromethane,
hexane, ethyl acetate, toluene, butyl 25acetate,benzene,1,2,4-tarichiorobenzene,1,4-
dichloarobenzene,1,2-dichlorobenzene,xylene, chlorobenzene, ethy.ihennene and 2-propenamidc,
drinking water. The sample prior to treatment may contain up to 50% solids which may be removed by
a process comprising centrifugation,filtrun,sedimentation,  coagulation or flocculation. The composition
of the sample prior to treatment may be made up of about 0.01%, 0.02%, 0.03%, 0.04%, 0.05%,
0.06%, 0.07%, 0.08%, 0.09%, 0.1%, , 0.3%, 0.4' C.5%, 0.66%, 0.7%, 0.8%, 0.9%,           4%,
5%,,30%, 40% 



or 50% solids. The step of separating the feed stream, may comprise the step of gas stripping the
sample with a suitable gas. The 10 gas stripping of Ohs VOCs may involve the use of a purge gas.
The. purge gas may be N2, N.2, Ar, 02, Kx, Xe, or aphient agr. The puxge gas used in the stripping
step may he subjected to a flowr.ate of about 50 mitImin to about 10 The step of separati.fli the feed
stream may be carried. out prior to the step of passing the liquid phase through a permeable barrier,
amd in series with it. The step of separating the feed stream may also he carried out in 20 parallel to
the shep of passing the liquid phase through a. permeable barrier. The permeable barrier may contain
a plurality or membranes.Themembranesusedmayeitherbe 25 ultrafiltration or nanofiltratihn
membranes. The membrane module may be in the form of fiat sheets, hollow fibers, tubes and spiral
wound structures arranged in parallel or in series. The membrane moduJe may comprise a polymeric
or ceramic material. The polymeric material may be one of 30 the following: cellulose acetate (CA),
n6troge7lulose (TN), cellulose esters (TE), polysulfone (PS), poTyether sulfone(PES), colyacTT nitrite
(PAN), polyamide, poiyimide,polyethylene(FE),polypropylene(PP), polytetrafluoroethylene (PTFE),
polyyinylidene fluoride   (PVDEg or polyviny chloride (PVC). The ceramic material may be one the
following: alurrLina, zirconia, titania or silicon carbide. The membrane module. may havelubilar weicligt
or I x 106 Da, 1 x 15b! Da, 1 x }Q1 Da, 1 x 102 Da o     Da. The membrane module may be of an
average pore size of 0.001 pm, 0.002 pm, 0.003 pm, 0.004 pill, 0.005 pill, 0.006 pm, 0.007 pm, 0.008
pm, 0.009 pm, 0.01 Pill, 0.02 pm, 100.03 pm, 0.04 pm, 0.05 pm, 0.06 pm, 0.07 pm, 0.08 



0.09 pm or 0.1 pm. The membrane module may be operated at a transmembrane gauge pressure of
about I bar to about 10 bars. The step of measuring. the quantity of VOCs may be carried out with a
total organic carbon analyzer. The totaT organic carbon analyzer may also include a suitable chamber
for the measurement of irrirganic carbon content. e step of anam.yzi ge VOCs may be carried out
using an NDIR detector,a dry electrolytic conductivity detector, a thermionic ionization detector, a
flame ionization detector, a thermally conductivity detector or 25 an electron capture detector. Hence
the total amount of VOCs present in the sample may be gabuitatively measured. Exemplary, nonmiting
embodiments of a system to 30 quantify the total amount of VOCs and/or to identify targeted VOCs in
a sample will now be disclosed, Theinto quantifya total amount of VOCs in a le comprises the
following:   (a) means of providing a feed stream of polar and non-polar VOCsa l quid phase;  (h)
means of separating the tee' stream into a molar Ic phase that predominantly contains non-polar
VOCE and a 1101146 nhase that predominantly contains Polar VOCs;  (c) means of -massingle; liquid
ghase through a permeable barrier to separate the polax VOCs into a polar VOC permeate stream and
non- VOC retentate stream; and  (d) weans of measuring the griantitv of VOCs in the 10 volatile phane
of step (b) and the paate stream step (c) to calculate the total amount of VOCs in said sample_ The
systemidentify targeted VOCs comprises the 



15following:  (a) :means of providing, a feed stream of polar and non-polar VOCs in a liquid phase;
(h) means of separating the feed stream info a volatile phase that predominantly contains non-polar
VOCs a.nd a 20 liquid phase that predominantly contains polar VOrs;  (c) means of passing the I icuici
phase through a permeable barrier to separatepolar VOCs into a polar VOC permeate stream
and-VCC retentate stream; and  (d) means of analyzing the VOCs in theof 75 step (h)the permeate
stream of step (c) to thereby identify said targeted VOCs in said sample. The VOCs to be detected or
identified in the sample are noe limited and may be selected from the group consisting 30 of
dichicxcacetonitrdle, chloroform, iodotenzene, trichlorotrifluoroethane,frichlordetthyiene,
perchloroethylene, carbon tetrachloride, chloroform, , vinyl1 -   dichloroethene,chloride,  trans-1,2-
dichloroethene, cis-1 2 dichloroethene, dichloromethane, 1,1,1
tsicsioroethane,1,1,2-trichloroethane,1,2- ihforoethane,brcm.ofcrm,bromodichloromethaneand
chlorodibrowhmetha 2, ethanol, acetone, acetic acid, isopropyl alcohol (IPA), dichlorcmethane,
hexane, ethyl acetate, toluene, butyl acetate, benzene, 1,2,4- 



trichlorchenzene,1,4-dichlorobenzene, 10 dichiorbtbnzene, xviene chUbrohenzene, ethyl benzene and
2-prapenamidb. The sample may be in t he form of. groundwater, riverine water, reservoir water, tap
water, wastewater and pbtahle 15 drinkirg water. The sample prior to treatment may contain up to 50%
solids which may he removed by a process comprising centrifugation, filtration, sedimentation,
coagulation or flocculation. The composition of the sample prior to treetment may be made up of
about. 0.015, 200.021, 0.03%, 0.04%, 0.05%, 0.06%:,0.07%,0.08%, 0.09%, 0.1%, 0.2%, 0.3%, 0.4,
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 7%, , 696"9%, 10%,20%, 30%, 30%, 40% or 50% solids. 75 The
means of .epar sting the feed stream may comprise the use of a gas stripper with a suitable purge gas.
The gab may be EU, Ar, M.?, Kr, ho, or ambient air. The purge gas used in the stripping step may be
subjected to a fiowrate of about 50 m to about 10 f n. 30 The means of separating the feed stream
may be implemented prior to the means of passing the liquid phase through a permeable harrier, and
in series with it. The means of separating the feed stream may also he  imd mented in parallel tio the
means of passing the liquid phase through a permeable barrier. The permle barrier may contain a pIn
rality of 5 memb nes. The membr.anes used may either be ultrafiltration or na nofiltra lion membrdnes.
The membrane module may be in. the form of flat sheets, hollow fibers, tubes and spiral wound
structures arranged in pdrallei or in series. The membrane module may comprise a polymerin 10 or
ceramic material. The -polymeric material may be one of the following:ulose acetate t 4, nitrocellPTose
(C.N), cellulose esters (CE), polysuifone (PS), sulfbne(PES),pclyac rinonstrsi e(PAN),polyamide,
polyimide,polyethylene(PE),dcJypropylene(PP), id polytetrafluoroethylene (PTFE), doiyvinylidene
fluoride (PVDF) or polyvinylchi onide (PVC). The ceramic material. may he one of the following:
alumina, ziroonia, titania orsili carbide. 



20ihe membrane modide may have a molecular weight (-2.t. of' _ of I x 101' Da, 1 x r0-H
Da, 1 x 11b Da, 1 x 103 Pa Of 1 102 Da.The membrane module may be of an average pore size of
0.001 um, 0.002 pm, 0.003 um, 0.004 pm, 0.005 pm, 0.006 pm, 0.007 pm, 0.008 pm, 0.009 pm, 0.01
pm, 0.02 pm, 0.03 pm, 0.04 pm, 0.05 pm, 0.06 pm, 0.07 pm, 0.08 0.09 Jill or 0.1 um. The membrane
moduleo e ated at a transmembrane gauge pressure of about 1 bar to about 10 30 The means of
measuring The quantity of \ADCs may be in the form of a total organic carbon analyzer. The total
organiccarbon analyzer may also include a suinahle chamber for the measurement of inorganic carbon
The means of analyzing the VOCs may he in the form of an NDIR detector, a dry electrolytic
conductivity detector, a. ' ermionic ionization detector, flame ionization detector,a thermally
conductiv:detector or an electron cauture detector. The system may further comprise a means to t
onsmit data comprising the total amount of VOCs present and targeted organic compounds identified.
to one or more offsite 10monitor rig stations. Thewirelessandcontinuoustransmissionofthe
information may provide one with the ability to remotely monitor the total. content and identity targetbd
VCCs in 15samples. Brief Description Of Drawings 



Theaccompanyingdrawingsillustrateadisc.losed embodiment and serve to explain the principles of the
20 disclosed embodiments. It is to he understood, however, that the drawings are designed for
purposes of illustration only, and not as a definition of the limits of The inventin_ 25Fig. 1 is a. process
flow diagram of the system costing of gas stripping and membrane processes for the online. monitori '
and measurement of VOCs. Fig. 2 is a. process flow diagramthe system consisting 30 of a membrane
process for the online monitoring and measurement of VOCs.  Fig. 3 is a graph showing a comparison
of the average rejection Q f various compounds introduced into the disclosed system when a flat sheet
membrane is used. Detailed Description of Drawings Fig. 1 is a process flow diagram on the system
consisting of gas stripping and membrane processes for the online monitoring and measurement of
VOCs. A sample 1 is first 10 introduced 101 via a pump 2a and sent to a. hydrocyclone 3 for the
removal 102 of suspended solids 4. The substantially solid-free sample lb is then directed to a
gas-stripping chamber 5 by another pump 2b. A 15 suitatle gas 6 is used to strip any highly purgeable
VOCs 7 that are present in the solid-free sample lb. An air compressor 8 may be used if the gas 6 is
air. A mass flow controller 9 is used to control the flowrate of the gas 6 to ensure controlled
gas-stripping 103. The highly 20 purgeable VOCs 7 that are removed from the solid-free sample lb
through the gas-stripping 103 step are directed to an online analyzer 11 for analysis. The purged
sample 12 is then directeb by a high pressure 25 gear pump 13 into a membrane filtration skit 14. The
membrane filtration skit 14 may contain membrane mbdules 15 of different molecular weight cut-of-f
(MW1:0) arranged in series or in narale7 The MWCO values are in the ultrafiltration or nanofiltration
range. The material of 30 the membrane, MWCO value and configuration of the membrane modules
15 is such that the effect of the membranes modules 15 acting as a filtration system will allow the
VOCs which remained unsparged in the solid-free 



sample lb to pass through while filtering 105 she larger organic compounds that are not in the VOC
range (and hence not the desired components of meaburement). 5 The reject stream 12b is dxabned
out while the permeate stream 12a is sent to the online analyzer 11 for analysis. The online analyzer
11 consists of an oxidation chamber 16 and a suitable detector 17. The oxidation chamber 16 oxidizes
all of the organic carbon present to 10 cart= dioxide gas. The amount of carbon dioxide gas is then
measured in the detector 17. The oxidation chamber 16 is selected so that it is suitable for the
oxidation of organic carbon comoound contained in both the aqueous and gasecbs phases. The entry
of the purged VOCs 7 or the IS permbate stream 12a to the analyzer 11 is controlled by a          of
four-way valves 18. The four-way valves 18 arb programmed to switch at the appropriate time interval
tb allow an Interchange between purged VOCs 7 and the permeate stream 12a. In addition,
resbfective calibration 20 standards (19a, 19b) in hbth the gas and aqueous phases are also
introduced into the analyzer 11 at the four-way valves 18 so that quantification of the content of VOCs
may be subsequently achieved. The four-way valves 18 and analyzer 11 are periodically rinsed with
deionlzed water 25 24 via a pump 2c. The raw measurement data which is obtained is then
transmitted to a computer. system 21 through a dataloggbr 20 where it is processed to provide
quantified data which 30 indicates the total content of VOC in the sample 1. The data can be further
transmitted wirelessiy through a modem 22 to an offsitb monitoring station 23.        2 is a process flow
diagram of the system consisting of a membrane process for the online monitoring and measurement
of VOCs. Here, Tike reference numerals are used to depbtb like ehenients as - in Fir, 1, but with an
additional primesymbol_ A sample 1' is rsrs introduced 101' via a pump 2a' and sent to a-ocaidlone 3'
for the removal. 102' of suspended solids 4'. The substantially solid ree sample lb' is then directed 10
to a membrane filtration skit 14' usino a pump, 13'. The membrane filtration. skit. 14' may contain
membrane. modules 15' of different molecular weight cut-of (MWCO) arranged in series or in parallel.
The MWCO values are in the ultLaCiltration or nanofiltration range. The material of 15 the membrane,
MWCO value and configuration of the membrane modules 15' is such at the effect of the memtbanes
modules.. 15' acting as a filtration system will allow the VOCs in solid-free sample lb' to pass Through
while filtering 05' the larger organic compounds 20 that are not in the VOC range (and hence not the
desired components of meaeuxemen ) 



The reject stream 12b' is drained out while the permeate stream 12a' ist to the online analyzer 11' for
25 analysis. The online analyzer 11' consists of an oxidation. chamber 16' and a suitable detector 17'.
The oxidation chamber 16' oxidizes all organic carbon pro sent to carbon dioxide gas. The amount of
carbon dioxide gas is then measured in the detector 17'. The oxidation 30 chamber 16' is selected so
that it is suitable for the oxidation of organic carbon compound contained in both the aoueous and
gaseous phases. The entry of the permeate stream, 12a' to the analyzer 11' is controilbd by a four-
way valve 18'. In addition, a calibration standard (19b') in the aqueous chase is also introduced into
the analyzer 11' at the -way valve 18' so that quantification of the content of )IC)Cs may he
subsedhentiy achieved. The four-way valve 18' and analyzer 11' are periodically rinsed with: deionized
water 24' via, a pump 2c'. The raw rnea surement data which is obtained is then transmit .ad to a
computer system 21' through a datalogder 10 20' where it is processed to provide quantified data
which indicates the total content of VOX: in the sarmie 1'. The data can he further transmitted
wirelessly nnrcugh a modem 22' to an offsite monitoring station 23'. 15 Examples Non-limiting
examples of the invention will be further described in dreater detail by reference tospeciffc Examples,
which should not he construed as in any way 20 limiting the scope of the invention. -xample 1:
Rejection of various compounds introduced the disclosed system usira gas-stripping and a flat
membrane Tests were conduct d basedthe process shown in Fig. 1. In the tests, samples each
containing lDGppm of the VOCs Kmade up with dci onized water) and non-)i)0Cs listed in Tabi 1 were
analysed. 30  Table 1 



No. Compounds Molecular Wt.  Boiling Pt.(C)  Ethanol 4.1  2 Acetone Acet.ican 58.1 60.1 118
Isopropylalcohol.(IPA) 60,1   Dich.J. 34.9 



40  Hexane 36.2 69  Ethyl acetate 88.1   Toluene 921  9 Sutvl Acetate   00 Sodium
dodecyl.sulphor.o(SOS) 288.4  N/A 



:T Polysorbate80(0580) 13IC, N/A  No pre-treatment of the samples was carried out. Air from a
pufifbed air cylinder was used in the gas stripping process. Approximately 200 mL of a sample was
sparded with inert gas for 2 minutes at a flow rate of               gas spafging was conducted at room
temperature and bar gauge pressure. A semi-permeable polvethersulfone flat sheet membrane (Koch
HEN-328) was 10 used in the membrane filtration process, with the filtration pressure adjusted to o
bars. inc filtration process was carried out at room temperature. The results of the tests conducted are
provided in Table 15 2, and show that gas stripping is effective for the stripping of small chain organic
comnounds that are non-polar, such as dichloromethane, hexane and teduene. The measuxement of
these VOCs that have low miscibility with water are usually relatively straightforwar as they can 20 he
easily strippedthe gaseous Phase and measured thereafter.However, compounds that are polar and
miscible ith water such as ethanol, acetone, acetic acid and isopropyl alcohol mostly still remained in
the  aqueous phase after the stripping process. Consequently, if the method to measure VOCs in the
aqueous phaAe is based solely on gas stripping, then only a small amount of these polar VOCs that.
are present can be measured. 5 Certain partially miscible, short charm organic compounds such as
ethyl acetate and butyl acetate are partially stripped into the gas phase according to their affinity to
water; hence they are only detected partially by the 10 qaA stripping method. Large organic
compouhds such as sodium dodecyl sulphate and polysorbate 80 remain unstripped and remain in the
agueouA phase after gas. spar ging. 15 After gas stripping, the liquid samples together with any
remaining organic compounds were then channelled to the filtration section. In this section, the short
chain organic compounds passed through to the permeate side while larger organic compounds
(non-VOCs) such as SDS and. 20 8880 were filtered away into the retentate so they did not add to the
results significantly. 



The VOCs in the permeate were then measured. A catalytic combustion chamber was used to oxidise
the VOCs resulting 75 from both gas stripping and filtration processes into CO2. The oxidised VOCs
were subsequently measured by an NDIR detector. The amounts of VOC that were measured from the
gas 30 striPping and filtration sections were then =Mined to give an overall Treasured value of the
concentration of VOCs. It can be seen from Table 2 that at least 90 detection were achieved for all
types of VOCs regardless of their polarity and affinity to water.    Example 2: Rejection of various
compounds introduced into the disclosed system using a flat sheet membrane  Tests were conducted
based of the urocess shown132a. e,This arrangement used the filtration app roach direc1y. Such an
arrangement is suitable when the VOC2                 to be detected semi-miscible or ml sdithle
compounds in aqueous phase. Samples each containing 200ppm of the VOCs (made up deionized
water) and 10 non-VOCs listed in Table 3 were analysed. Table 3 I No.Compounds --J -Ethanol
Molecular Wt. 



Boiling Pt.(C)  46.1 78 2Acetone 58.1 56 3Acetic ace- 60.1 60.1 118 Pfl 0e- 4isopropyl.alcolit(TPA)
5.Ethyl acetate 88.1 77 Butyl Acetate 116.2 



126 N/A Sodum dodecvl. sulphate(SOS; 288.4  S! Polysorbate80(P380) 1310 N  No pre-treatment of
the samples was carred outsemi 15 permeable pmlyethersulfone flat sheet membrane (Koch 8FK328)
was used in the tests, with the filtration pressure adjusted to 6 bars. All tests were conducted at room
temperature. 20 The membrane type, configuration and operating pamameters were optimised to
allow VOCs in the aqueous phase to pass through in the permeate while rejecting all the other :Longer
cha n organic compounds. It can be seen from Fig. 3 and'ah1e 4 that the long chain organic
compounds (353  and P580) were mainly rejected while the VOCs were permit ted to pass through in
the permeate for measurement_ A catalytic combustion chamber was used to oxidise the VOCs into
CO2 which were then analysed by an NDJP. detector, The 'DOC values and percentage detected for
each of the samples are shown in Table- 4. Table 4 7 71r1' Compound Concentration (TOC, ppm)
Detection 



(%)   Sample 1 Measured   Ethanol 85.5  /5.1 36.8  96.7 98.1  Ircutene Acetic acid    



84.9 89.3  J87.4 81.4  95.9  fsopropylalcohol(IPA)     97.9 ,5 Ethyl acetate ss,./ 



85.3 _r 96.0 'f ButylP catate 91.3  8 03  88.0  3cd1rm dodecylphat (sDS)   . P.1  Pc1ysorhate80(P880)
:39.1 



4.0 2.9  10 If is obseived that the ability of the system to detect the VOCswas more than 95% in the
case of tamng ethanol, acetone, acetic acid, isopropyl alcohol and ethyl    acetate. SDS and
P580non-VOCs) made up of longer chain organic com:foun -s were generally filtered off by 15 the
membrane in use. 20  Applications The continuous and rd table online detection of VOCs is ab
JP:portant feature in the provision of potable water in aquifers and treated water)sewerage 5networks.
In many countries that rely or groundwater sources LC:C(2 drinking water, the identification of
source--control strathpleP or enhancing existing measures may be 10 warranted if anthropbgenic 700
compounds are detected frequently mgroundwater. The reliable detection of a 1100 in cxr.oundwat
erw ill also be of concern teciaupe ill can additionally be indicative that a. pathway exists by which
other persistent and potentially toxic compounds other 15 than POTS may reach the supply wells of
drinking water. Made up of low molecular. weight organic compounds, VOCs can permbate even
final-stage reverse osmosis(RO) membranes commonly found in the production of ultraplire 20 water
based onwaterreclamationprocesses.The 



production of ultrapure water therefore requires stringent monitoring of any VOCs occurring in the
overall process of water treatment. Accordingly operators of water treatment plants rely on VOT
detection systems to 25 provide them with the ability to monitor the quality of the water oroduced. The
continuous r:.on.i tori no of the oresVOC's is important starting from prevailing upstream procebses, in
the influent waste water )of such water treatment works. The early 30detection of VOGs at Tr'Thc'
source of a water reclamation plant provides plant operators with ample time to react with the
necessary measures and prevent any sudden shutdown of the plants.  The current disclosure also
provides for the reliable and continuous monitoring at localized. sites where trade effluent may be
discharged. This will be applicable in an Industrial se tting any treated effluent may be discharged into
a sewerage network or allowed to Pe discharged into a natural occurring body of water. It will he
apparent that various other modifications and adaptations of the inventionbe apparent to the 10 person
skilled in the art after reading the foregoing disclosure without departing from the spirit and scope or
invention and In is intended that all such modifications and adaptations come withi.n thes.cope of the
appended claims.  Claims 1. A method of quantifying the total amount of VOCs in a sample comprising
the steps of: (a pra feed stream of polar and non-polar in a lacuaci hase; (h) seoaraiinqfeed stream
into a volatile phase predoininantly contains non-polar VOCs and a liquid phase that predominantly
contains VOCs;     (c) passing thephase through a permeable barrier 10 to separate the polar VOCs
into a polar VOC permeate stream and non-VOC renentate stream; and 



(d) measuring the quantity of VOCs in the volatile phase of slop (b) and the permeates tream of step
(c) to calculate the tonal amount of VOCs in said sample. 15 2. A me1hod.of sample, comp tAfying
targeted VOCs present in a steps of:   (a) providing a feed stream of poar and non-polar VOCs In a
liquid phase; 20(b) separating the feed stream into a volatile phase that predominantly contains
non-polar Vacs and a liquid phase that predominantly contains polar VOCs;  (c) passingliquid phase
through a permeable barrier separatepolar VOCs into a polar VOC persiaaL. e. 25 stream and
nog-VOC retentate stream; and  (d) agalyzing the VOCs in the volatilestep (h) and the permeate
stream of step (f) to thereby identi said targeted VOCs in said sample.   3. The method accord:Lig to
claim 1 or claim 2, wherein said separatiri.g step comprises gas strippi rig said sample with a suitable
gas.  4. The method according ho claim 1 or claim 2, wherein said permeable barrier is a membrane
module.    3. The method according t.o claim 2, wherein said an.amvzsng step comprises the step of
subjecting the 10 targeted VOCs scat least one detector. 6. The method. according to claim 3, wherein
said gas select.ed from the Troup consisting of Np.., 2i, Ar, 02, Kr, Xe, and ambient air. 15  7. The
method according to claim 4, wherein said memb module comgrises a polymeric material.       8. The
method according to claim 7, wherein said 20 polymeric material is selected from one of the following: 



cellulose acetate (CA), ctrocE..Jlulose, cellulose esters (CE), pc.. ysuforie, polyether sulfone(PES),
polyacriionit ile(PAN),polyamide,polyigide,    polyethylene(PE),polypropylene.(PP), 25 ocJytetrafluor
ethylene (PTFE), polyvinylide P fluoride (PVDF) and polyvinylchloride (PVC).  9. The method
according to claim 4, wherein said membrane module comprises a ceramic material. 30  10. The
method according to claim 9, wherein said ceramic material comprises at least one the following:
alumina, zirconia, titania or silicon carbide. The method according to claim 4 or any of claims 10,
wherein said men-braise module has a molecular weigi cut-off of at most about 1 x 106 Da.    12. The
method according to laim 1 or any of clalms 7 to 10 111, wherI nsa.md membrane module is of an
average, pore size selected between about 6.001 pm to about 0.f pm. 13. The method according.4 or
any of claims. 7 to 1512, wherein said membrane module is in a spat' al configuration selected from
the group consisting of flat sneers, hollow fibers, tubes and spiral wound structures.    14. The method
according to c1 or any of ol.ai.msTo 20 13, wherein said membrane module comprises of membranes
arranged either in parallel or in series.  15. The method according to claim 4 or any of claim 14,
wherein said membrane module is operated at a 25 rran.smembrane gauge pressure of about I bar to
about 10 bars.  16. The method according.any one of the preceding claims, wherein said VOCs are
organic halides selected 



30 from the group consisting of dlchlorpecetonitrile, chloroform, iobobe -ene, 1,1,
2-trichlorotrifluorcethane,  trichloroethylen ,pbrchloroethylene,carbon
tetrachloride,chloroform,1,1-dichloroethene,vinyl chloriae,trans-1,2-diehlorperhene,cis-1,2-
dichloroefhene,dichlorcmthane,-oethane, 5 1,1,2-trichlorcelhane, 1,2-dichloroetbane, brornoform,
bromodlehlormethane and chicrodibromomethane, ethanol, acetone, acetic acid, isaprobyi alcohol
(IPA), dichloromethane, hexane, ethyl acetate, toluene, butyl acetate, benzene,
1,2,4-trichi.crobenzene, 1,4- 10 dichlorobenzene,1,2-dichlorobenzene,xylene, ' loreCenzene,
n4hyJbene.ne and 2-propenamide    17. The method according to any onebe preceding claims, further
comprising the step of () pre-treating 15 said sample to remove solids therefrom.  18. The method
accordlmg to _grelnthe. step of pro-treating comprises one o:rrflore of the steps
groupconsistingoffiltrating,centrifug g, 20sediment i.nci, coagulat g and flocculating.  19. A system to
quantify the total amount of VOCsin a. sample comprising the following:  (a) means of providing a feed
stream of polar and non-polar VOCs in a liquid phase;  (b) means or separating the feed stream into a.
volatile pha.se that credominactly contains non-polar VOC's and a liquid phase that predominantly
contains polar VOCs;     (c) means of passing the liquid phase through a permeable 30 barrier to
separate the polar VOCs into a polar VOC permeate stream and non-VOC rete t ate stream.; and   (d)
means of measuring the quantity of VOCs in the volatile phase of step (b) and the permeate stream of
step (c) to calculate the total amount of VOCs in said sample 20.A system to identify targeted VOr's
comprising the 



(a) means of providing a feed stream of polar and non-polar VOCs in a liquid phase; 10)
meansseparating the feed stream into a volatile phasepredominantly contains non-polar VOCs and a
liquid phase that predominantly contains polar VOCs;     (c) means of passing the liquid phabe through
a permeable barrier to separate the polar VOCs into a polar VOC 15 permeate stream and non-VOC
retentate stream; and  (d) means of analg the VOCs in the volatile phase of step Kb) and the permeate
stream of step (o) to thereby identify said targeted VCCs in said. sample. 20 21. The system according
to claim 19 or 20, wherein said means of separating the feed stream is a gab stripper.  22. The system
according to claim 19 or 20, wherein said permeable barrier is a memo sae module. 25  23. the system
accord* to claim 19, wherein said means of measur.ino the quantity of VOCs is a total organic carbon
analyzer.  24. The system according to claimwherein said means of analyzing the VOCs is a mass
spectromerer. 25, The svsrem according to 01510 19, further comprising (e) a means of transmitting
data =LT:rising the total amount of VOCs present no one or more offsite monitoring ations.    26. The
system according to claim 20, further comprising 10(e) a means of transmitting data comprising-
identified targeted VOCs to one or more offsite monitoring stations. 




