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 (VOCSs) belong to a subset of
organic compounds METHPRrOft MEARIARENG CViehAddl IjEo PREAYN TFaCOMROUENSto 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. Exampleg.pf.YQCs ip¢ludgformaldehyde,tc:chloreethano,
bromodichioromethane and carbon tetrachloride. There is growing concern regarding the quality of
natural’and Treateewater supplieswhich are sSasceptible te contamination by betsnatural and

anthropogenic.chemical squ rcenghe§ggggmip§tion of é@qﬁecwacggﬁmggsby V%Qp/ is,of particular

concern because these compounds potentially can cause significant health effects such as 30 liver or
nervous systéfrBroblers] reproduttive anofffalies land ircreased riskscoicaneer. presence of VOCs.

Most of the remgval methods atg-bas, e stripping; ofthe VOGs present inthe sample, and
pervappratdon techniques. 7n the earlierique mentior.ed, an inert gds ts used to sparge the bOOs from
the sample int6 tﬁ?*@é@%hase before subjecting the VOCs to a suitable detectich method. A. variation

of thisjgccurs in the introduction of adsorbent to contain the spa red VOCs before

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
VOCs may occur naturally in the environment. While other
VOCs occur only as a result of man-made activities,
20 others originate from both sources. Examples of VOCs
include formaldehyde, trichloroethane,

bromodichloromethane and carbon tetrachloride.

There 1is growing concern regarding the quality of natural
25 and treated water supplies, which are susceptible to
contamination by both natural and anthropogenic chemical
sources. The contamination of these water supplies by
VOCs 1s of particular concern because these compounds
potentially can cause significant health effects such as
30 liver or nervous system problems, reproductive anomalies,

and increased risks of cancer.

A variety of removal and detection methods have been used

in the analysis of water samples to determine the



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 outdfrom arsamplé. [VisGrossiliiesto intfodute atweating processwra lengerspargiug time 20

to improve the extent;andeffic.igin ny of spamging polar GOMRQ1 1nda.in azeotropic mixtyres.
However safety issues related to the delays/inaccuracies VOCs are of concern 25 or extended
sparging ilityf e VOCTs, and/or chtheldéwnstream 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'detéhtiof Aiethtds t6He ofitie SpRMiTiIRG O pervapordtion téchnigues e based on the

use of catalytic oxidatign followed by non-dispersive infrareadNDIR) detection,;methods..Gas and liquid
chromatography wimass spectrometer can also be used but these methods usually rely on
Iabor-intens%é%‘iﬁple tolte&iontRRoratey-badedanalysis, therebypbsiAg fimitatiohs to-thie frequency

of collectionanchanalyseSyariation of this occurs in the introduction of
a sultable adsorbent to contain the sparged VOCs before

10 inducing the desorption of the VOC into a detection
system. In the sparging technigque, the presence of a
mixture of VOCs in a sample presents a large range of
solubility wvalues 1in a sample. Non-polar VOCs such as
halogenated hydrocarbons and aromatic hydrocarbons can be

15 easily stripped off, while polar compounds like alcohols,
ketones, esters, ethers, nitriles 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 sparging time

20 to improve the extent and efficiency of sparging polar
compounds 1in azeotropic mixtures. However, safety issues
related to the flammability of the VOCs, and/or
delays/inaccuracies 1in the downstream detection of the
VOCs are of concern in the use of such heating processes

25 or extended sparging 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.

30
In general, downstream detection methods to one of the
sparging or pervaporation technigues are based on the use
of catalytic oxidation followed by non-dispersive infra-

red (NDIR) detection methods. Gas and liguid



50f 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, exténsive,.compadtyand. offers love powepeonsumpticrr maybealsed irnd5long4erm
monitoring gaplications. SyRRNn 8 fistaspert, ere s iovided 3 memod of quaiing the total
amount of VOCs in a sample comprisHng the steps gf: (a) providing a?ee stream of polar and
non-polar VOTsUAc iquid phasez t ¢h)vsepasating thiefeedsstream intberedlatile prreserthat 25
predominantly contains,nan-pelar. YOCs and,aliquid phase thatpredominantly containsolar VOCs;
(c) passing the liquid phase through a perméable barrier to separate the polar VOCs into a polar VOC
permeate stfeam andionsVOC! fef:LeAatels’ and 80tdEmeasiring the guantaty<of VOCs in the
volatile phase.of step (b} and the permeate stream of step (¢)-to caleulate 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, COAPHSIAG tﬁ@é’te%of?om@?@\ﬁéﬁ%@% feed Stfeabi 6f potlarand noh-id6REMACCs in a
liquid phaise; 1 1separating ngfﬁggﬁmﬁntgr@vglgglgag@;se ‘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 nan-VOL£-retentate;streamy and analyzingdhe VOCsinthewolatile =ss of stepd andthe permeate
stream of step (c) to thereby ident__ said targeted VOCs in sai.d sample. 15 In a third aspect, there is

provided a systent t0 GGantiNy THe1otal ahtdunt 8FVOEEih a*S4mple omptisingtheS2s©

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

15 long-term monitoring applications.

Summary
In a first aspect, there is provided a method of
20 guantifying the total amount of VOCs in a sample

comprising the steps of:

(a) providing a feed stream of polar and non-polar VOCs

in a liquid phase;

(b) separating the feed stream into a volatile phase that
25 predominantly contains non-polar VOCs and a ligquid phase

that predominantly contains polar VOCs;

(c) passing the liguid phase through a permeable barrier
to separate the polar VOCs into a polar VOC permeate

stream and non-VOC retentate stream; and

30 (d) measuring the guantity 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.



- (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 sec(d)aneansmeasuringhthesquantity ok YOCirvtheavolatile phase of step (a)

.and the permeate stream of S ) 10 calculate the rotall amount of VOCs in said 30 sample In
aiourn aspe:éct?etéeérlet{i%%}gviagégag%/%tegr%% identi et‘rée%gétgd %Sérgpcb%brigi%yéptﬁé ?51%%: (a) means
of providing alceed streamtof 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 comtaitis sblasVvVeCsete) nigdis 6t passing aiir and non-polaile [iuicsphase
throughsa permeable Barrier o 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\V-Jeam-afistep (e)kto theteby ide.nLif said-targeted MOGs in said sample, + 15
Advantageously, the disclosed method of quantifying the total amount of VOCs in a sample allows for

the implementatior ot tie separafing &tep.n SEtiesbetore the St Of fassingthe 1igi@Yshase through
a permeable:barrief,:therebyrallowing essentillyfop all aenspotar;

(c) passing the liguid phase through a permeable barrier
10 to separate the polar VOCs into a polar VOC permeate

stream and non-VOC retentate stream; and

(d) analyzing the VOCs in the volatile phase of step (b)
and the permeate stream of step (c¢) to thereby identify
said targeted VOCs 1in said sample.

15
In a third aspect, there is provided a system to quantify
the total amount of VOCs in a sample comprising the

following:

(a) means of providing a feed stream of polar and non-

20 polar VOCs in a liguid phase;

(b} means of separating the feed stream into a volatile
phase that predominantly contains non-polar VOCs and a

ligquid phase that predominantly contains polar VOCs;

(c) means cof passing the ligquid phase through a permeable
25 Dbarrier to separate the polar VOCs into a polar VOC

permeate stream and non-VOC retentate stream; and

(d) means of measuring the quantity of VOC in the
volatile phase of step (b) and the permeate stream of
step (c) to calculate the total amount of VOCs in said

30 sample.



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 tl 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 methedtof identdying targeted VQCs:dresensa sample altaws for the
the step of Qagsi .the quéJid ghas o%t gh a. erygg{?le z%rerie Otptfro(-:‘wbjynalIowing essentially for all

T s I s .
non-polar VCCs to bé sepg%teg rom the feed'stream before a owing éssenti STL ly c- all polar tots

o he separated the liguid pha e, Advantageously. the disclosed meghad of guantifying the total ament

of VOCs in a sample provides a method which is capabledetecting and accounting for a wide range 10
of VOCs, in¢lading pélarornor-polafecmpdlnds: -and hydrophobic or hydrophilic compoumde.
Furthertageusiy,the currendisclosure also allows for the identification of a targeted. VOCs in a 15
sampledn adé%oﬁ“ﬁoaﬁﬁ% meastifétiént-of tAe tatal confént 8FtHeVOECS Withih tHe sample

Evenfurtheradvaptageouel-Jithemathodmayhe incorporated intg,apnabile system which allows the
on-site sampling and analysis of VOCs, eliminating concerns with regard to maintaining the integrity of

the samples’ihdHr prdcess of transpérting Ant Sfng e 8amples, Polar VOCs;

(c) means of passing the liguid phase through a permeable
barrier to separate the polar VOCs into a polar VOC

10 permeate stream and non-VOC retentate stream; and

(d) means of analyzing the VOCs in the volatile phase of
step (b) and the permeate stream of step (c) to thereby

identify said targeted VOCs in said sample.

15 Advantageously, the disclosed method of quantifying the
total amount of VOCs in a sample allows for the
implementation of the separating step in series before
the step of passing the liguid phase through a permeable
barrier, thereby allowing essentially for all non-polar

20 VOCs to be separated from the feed stream before allowing
essentially for all polar VOCs to be separated from the
liguid ©phase. The inventor has found that 1if the
separating step 1s after the passing step, some of the
non-polar VOCs may be lost, leading to an inaccuracy in

25 the total amount of VOCs that can be measured. Hence, it
is essential that the separating step 1is Dbefore the
passing step so that substantially all the non-polar VOCs

and polar VOCs can be captured and measured.

30 Advantageously, the disclosed method of identifying
targeted VOCs present in a sample allows for the

implementation of the separating step in series before

(O3]



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 e35%pecifiedthe efas "comprissahnd! cefiprise" aheligrammaticalfaiahts thereof, are

in tende.d tg represent "%%r}"e@;r;ingly%/«@}iJ@ge@%m@gﬁ@zin@%e recited.elements; but also
permit 15 inclusion of additional, unrecited elements. As used herein, the term "about", in the context

of concentrdfidrisofcomporietitsdittietorniulations, typi eafly means 1/ iatot tfie Statéd valde, more 20

typically +/-afthe-seated value, mereitypically350f the stated-value, mare-typieally; 1/ ftof the stated
value, even more typically +/- -L of the stated value, and even more typically +/- 0.50f the stated value.

25 Throughblifithis'diseiostire, 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
desmumongggggggaggggg§p the disclosed method of guantifying the
total amount of VOCs in a sample provides a method which
1s capable of detecting and accounting for a wide range
10 of VOCs, including polar or non-polar compounds and

hydrophobic or hydrophilic compounds.

Further advantageously, the current disclosure 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.

Even further advantageously, the method may be
incorporated 1into a mobile system which allows the on-
20 site sampling and analysis of VOCs, eliminating concerns
with regard to maintaining the integrity of the samples

in the process of transporting and storing the samples.

25 Definitions
The following words and terms used herein shall have the

meaning indicated:

The term “volatile” when used in describing an organic

30 compound, refers to an organic compound with a boiling



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 | to 3, from 1 50, from 1 to 5, from
2 to 4, from 2 to 6, frogs etc., as well as individual numb.erswithin that roe, for example, 1, 2, 3,5,
applies regardiess ofdhe Breadthofhe range etORisclosure 60Optiorat Embediments Exemplary,

non-2=ring erggggiignreyt%%%{ [logﬁ% d for messurn a the amount of v31aLil4 organic compounds

and/or identﬁ‘vmo a target volatile organic compound in a sample w-Il 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 poil@lreand nq;ggglgr VOC&EJQ éa\dlgjqjlflﬂdl gg@p\gb)’ separat@igstggtf?gq %ream intg a,
volatilephase that predominantly contains non-polar VOCs and a liquid phase-that pre&ominantly
containg polaf ViGGs: 1 {e)lpassingthe ligaid phase thrdtigh apermeable barriertaiseparate the polar

VOCs into apolar VOC permeate. 25 stteam and:non: Mentate stream; %@%n{dkmﬁ%?"ieg the auahtity

of VOCs in the volatile phase of step (b) and the permeate stream of step (cl to calculate the total
amount of VOt ari.samplé S(a) éfoviding a feBd sHream sifsotarann. nohpolar'YOLCs in a liquid

phase; (b) Se;ﬂ%%tﬂ’lagu@?af@@?@“ﬁéw i}BEO_ %ﬁ(?l@%i&pQ%S?mth%_@r%%@m{@@ﬂ&éﬁo%- sd.s. non-polar
VOCs and a liquid -use that credonunacdins Solar POTS; passing the liquid phase t.rough a
permeable b-fo’§éparate-the polar VOCs into a polar VOC permeate stream and non-VO0O retentate
stream;gand

Unless specified otherwise, the terms "comprising" and
"comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit

15 inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated wvalue, more

20 typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the
stated wvalue, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
value.

25
Throughout this disclosure, certain embodiments may Dbe
disclosed in a range format. It should be 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 The

possible sub-ranges as well as individual numerical



(d) ao.alyzingVOrs in the volatile phase of step (b) 10 and the: permeate stream of step (0) 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;perchioreethylehe, carbendtetrachieridexchigroformik d -dichleragthene, vinyl
chloride,trans-1,2-dichlo oethenef,cis-l, 0 dichlorcethene,dichloromethane,1,1,1-trichloroetsune,
1,1,2-trichicfoétiiane; 1;2-dichloroetiane, b?gméoffﬁl,ollfr hodichforometiane and® 2 7e
chlorogibromomethane; ethandl, aceétone; acetic-acid,dsepropytralcohols (RA),1dichloramethane,
hexane, ethyl acetate, toluene, butyl 25acetate,benzene,1,2,4-farichiorobenzene,1,4-
dichloarobe%fgﬁré,?,Z,Eé?chz%aéro%]é%%eﬁe%ﬁe%é, cﬁ&%bgnzte%e% éth@ﬁﬁg‘n r?enéoan%l’ Z-E%foopﬁénamidc,
drinking water. The sample.prior to tredtinentmay: containiap to50%esotidsrwhichrmayhke: removed by
a process comprising eentrifugation, filtrun,sedimentation, coagulation or flocculation. The composition
of the sampl%apgﬁo%r'to ﬁ%gtmve%%a%f be r{:fadgi Upegf aé)o’ut gf?o .0@2%, bg.éﬁ%,aé).%ﬁ%e,%.%%,
0.06%, 0.0796,93:08%:; ©:09%, 0190 /,r3.3%6,10.4'{C. 586, 0:66%: 0.7%, 0.8%, 0.9%, 4%,
5%,,30%, 40%

10 Disclosure of Optional Embodiments
Exemplary, non-limiting embodiments of a method for
measuring the amount of volatile organic compounds and/or
identifying a target wvolatile organic compound in a

sample will now be disclosed.

15
The method of qguantifying the total amount of VOCs in a
sample comprises the steps of:
{(a) providing a feed stream of polar and non-polar VOCs
in a liquid phase;

20 (b) separating the feed stream into a volatile phase that

" predominantly contalns non-polar VOCs and a liguid phase

that predominantly contains polar VOCs;

(c¢) passing the liguid phase through a permeable barrier
to separate the polar VOCs into a polar VOC permeate

25 stream and non- VOC retentate stream; and

(d) measuring the guantity 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.

300 The method of identifying targeted VOCs present 1in a

sample, comprises the steps of:



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 he) capried: ottt priokto the stepof passing theoliquid phasertbroughia 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 Jpgssaing %hqélﬁélui p%%%é through a. permeable barrier. The permeable barrier may contain
a plurality or membranes.Themembranesusedmayeitherbe 25 ultrafiltration or nanofiltratinn
membranes.(rt?I e ?neéorﬁ[g?atnlenl%o Glee r%gy <§eslﬁ ﬁ%a%rrjﬁngﬁia? sﬁgeit%jaﬁgl?ov? %éres, EEqu‘éé and spiral
wound structuresarrargedin parallek onin seriespThe meMiirane moduJe mrayiconpprisesa polymeric

or ceramic material, The polymeric material may Og%gofvgg ;he following: cellulose acetate (CA),
nétroge7lulose (TN), celiulose esters (TE), polysulfone (PS), poTyether sulfone(PES), colyacTT nitrite

(PAN), polyamide,, paiyimide polyethylene(FE),palypropylens(PR). polytetrafiuorgethylene (PTFE),

polyyinylidene fluoride (PVDEg or polyviny chloride (PVC). The ceramic material may be one the
following: albftLif&EEArEdANR, titafia 6Fsificon ¢arsidel The membrahemodile. maytavélabilar weicligt

or | x 106 Da;1 x pbl Da, 16198 Pa, 1 102 Da a + - Da, Thg 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 pmy )0.GkRilly 0:02;pmn 30003 $m, 10.04,pmy 0.05:-pme 0:06-pm, 0,07 Py 0.085)

10 and the permeate stream of step (c) to thereby identify

sald targeted VOCs in said sample.

The VOCs within the sample to be quantified or identified

are not limited and may be selected from the group

15 consisting of dichlorocacetonitrile, chloroform,
iodobenzene, 1,1,2~-trichlorotrifluoroethane,
trichloroethylene, perchloroethylene, carbon
tetrachloride, chloroform, 1,1-dichlorcethene, vinyl
chloride, trans-1, 2-dichloroethene, cis-1, 2-

20 dichloroethene, dichloromethane, 1,1,1-trichloroethane,
1,1,2-trichloroethane, 1,2-dichlorocethane, bromoform,

bromodichloromethane and chlorodibromomethane, ethanol,
acetone, acetic acid, isopropyl alcohol (IPA),
dichloromethane, hexane, ethyl acetate, toluene, butyl
25 acetate, benzene, 1,2,4-trichlorobenzene, 1,4-
dichlorocbenzene, 1,2-dichlorobenzene, xylene,

chlorobenzene, ethylbenzene and Z2-propenamide.

The sample may be in the form of groundwater, riverine
30 water, reservoir water, tap water, wastewater and potable
drinking water. The sample prior to treatment may contain
up to 50% solids which may be removed by a process

comprising centrifugation, filtration, sedimentation,



0.09 pm or 0.1 pm. The membrane module may be operated at a transmembrane gauge pressure of
about | 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 NDIRedetéétor,ardry efectrohticcohduétivity déteetor, @thieprmicnicionization detector, a

flame ionization detector; a,thermally conductivity detector,or 25 an electran captuse detector. Hence

the total amount of VOCs present in the sample may be gabuitatively measured. Exemplary, nonmiting

embodiments 8F& systern 16 30 quanfify the total-antouttt 'of VOCs/and/dt 16 ddentify- tafgeted VOCs in
a sample wilj now be, disclosedz Theinto, quantifya total amount of:VOgsn a lg comprises the
following: (a) means of providing a feed stream of polar angd non;pglar VOCsa | quid phase; (h)
means Of sé?p%vrat?h@ thé tee' streafirinto’ a molar Ic%’rrasé that predominantly centainsfion-polar
VOCE and 21104146 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) andthe pagtesstreamstep {c)to calculate the total agrount,of VVQE&s-in saidsample_ The
systemidentifg targeted VOCs comprises the . ,
step of gas stripping the sample with a suitable gas. The
10 gas stripping of the VOCs may involve the use of a purge
gas. The purge gas may be N, H;, Ar, 0, Kr, Xe, or
ambient air. The purge gas used in the stripping step may

be subjected to a flowrate of about 50 mL/min to about 10

L/min.

The step of separating the feed stream may be carried out
pricr to the step of passing the liquid phase through a
permeable barrier, and in series with 1it. The step of
separating the feed stream may also be carried out in
20 parallel to the step of passing the liguid phase through

a permeable barrier.

The permeable Dbarrier may contain a ©plurality of
membranes. The membranes used may either be
25 ultrafiltration or nanofiltration membranes. The membrane
module may be in the form of flat sheets, hollow fibers,
tubes and spiral wound structures arranged in parallel or
in series. The membrane module may comprise a polymeric
or ceramic material. The polymeric material may be one of
30 the following: cellulose acetate (CA), nitrocellulose

(CN), cellulose esters (CE), polysulfone (PS), polyether

sulfone (PES), polyvacrilonitrile (PAN) , polyamide,
polyimide, polyethylene (PE), polypropylene (PP},
polytetrafluoroethylene (PTFE), polyvinylidene fluoride

10



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 | icuici
phase through a permeable barrier to separatepolar VOCs into a polar VOC permeate stream
and-VCC retentate)streampand,(dhmeans of analyzingthe VOGS in-theof 75 step-(d)jthe permeate
stream of step (c).to thereby identify sajd targeted VOCs in said sample. The VOCs to be detected or
identified in tHe' sanipl& Afe roe Iijf‘r}ﬁ?edfa%%dl 4y B sefectdd fom the Grélip onsisting 30of
dichicxcacetonitedle,:chiarofernm iiedatenzene, trichlorotrifluoroethane,frichlordetthyiene,
perchloroethylene, carbon tetrachloride, chloroform, , vinyll - dichloroethene,chloride, trans-1,2-
dichloroethene, cis-1 2 dichloroethene, dichloromethane, 1,1,1
tsicsiordethdries 1,1 2+trichloroethang, &, 2z hforoethane, brem. eformzbromedichioramethanéand
chlorodibrov%@ﬂ%thg 21 8§ha£paoll, acetone acgtic, a%idxis%%mpggglc?hgil (Ifdﬂg), ggchgorrcrgetgane,
hexane, ethyl acetate, toluene, butyfiacecgate, %enzene, 2,4-

10° Da. The membrane module may be of an average pore size

of 0.001 wym, 0.002 pm, 0.003 upm, 0.004 um, 0.005 um,
0.006 ym, 0.007 pm, 0.008 pm, 0.009 pm, 0.01 pm, 0.02 yum,
10 0.03 uym, 0.04 pm, 0.05 um, 0.06 upm, 0.07 pm, 0.08 um,
0.0

O

um or 0.1 pm.

The membrane module may be operated at a transmembrane
gauge pressure of about 1 bar to about 10 bars.
15
The step of measuring the quantity of VOCs may be carried
out with a total organic carbon analyzer. The total
organic carbon analyzer may also include a suitable
chamber for the measurement of inorganic carbon content.
20
The step of analyzing the 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 1in the sample may be quantitatively

measured.

Exemplary, non-limiting 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.

The system to gquantify the total amount of VOCs in a

sample comprises the following:



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 @rflogeulation, The eempasition of the sample-prier te tregtment maybemade 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%° D% 3895, 0-896 796 T696 856 TD%. 20%, 30%. 30%. 40% or 50% solids. 75 The

means of .e& r stingathe fe%)d stream may com rise hedlfjsg é);g gas stripper Withla stu.itftble purge gas.

The gab may be EOTAT, M r, %%%Fja ient air. The puarge gaas usedin %e%cfrlﬁtplr]ig E§tep may be

subjected t@afowrate of about HO&mMrteabout 10-Hn.-30Fhermeans of separating 4heifeed stream
may b impJ:ment d prior to the means of asginﬁgjthe liquid phase throu ermeable harrier, and
in seri(;%s wit li%ullh% %?éaaﬁg o?%%ga%fiﬁao% ' féed stream may %Tsopﬁé[ E}an(;%] r%cgﬁl’ed in parallel tio the

means of passing.Jne lauid phase thigugh a ermenble harrer- The efnig basrnay gontain a pin

rality of 5 memb nes. The membr.anes used may either be ultrafiltration or na nofiltra lion membrdnes.
The membraag méduletrhaydseinr tesforiief flatshaets VR6low fibers, tabesaherspird Wound

structures arranged;in pdrallel or in,series, Themembrane 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 (RS), sultbnefRES) pelyacdinongtiske(RAN).palyamide,
polyimide,polyethylene(PE),dcJypropylene(PP), id polytetrafluoroethylene (PTFE), doiyvinylidene
fluoridd) (PVDR)FSrpatyvityfehit orfide (PVA). THe cefdimic Miteriat gy he onRé of frig féllowing:

alumina, zirgenja, titaniawrsilbearbides e the total amount of VOCs in said

sample.

The system to identify targeted VOCs comprises the
15 following:

(a) means of providing a feed stream of polar and non-

polar VOCs in a liguid phase;

(b) means of separating the feed stream into a volatile
phase that predominantly contains non-polar VOCs and a

20 ligquid phase that predominantly contains polar VOCs;

(c) means of passing the liguid phase through a permeable
barrier to separate the polar VOCs into a polar VOC

permeate stream and non-VOC retentate stream; and
(d) means of analyzing the VOCs in the voclatile phase of
25 step (b) and 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

not limited and may be selected from the group consisting

O8]
<

of dichlorocacetonitrile, chloroform, iodobenzene, 1,1,2-

trichlorotrifluoroethane, trichloroethylene,

12



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 &t adransmembrane gauge-pressure-of abeut dbar toabeutk0-30 The means of
measuring The Ca%uantity of \ADCs may be in the form of a total organic carbon analyzer. The total

organiccarbGh @haf/Zer My &lso includé & suinahle"ChathbErfor the niéaStiement of iforganic carbon
The means of analyzingithe MMQCs mayihe in-the form ofb an INDIR detector, - greeleetrelytic

conductivitylde%efitggta. ' ermionic gmization deterctpr, flame iQn]i;?ation ?ﬁtector,a thermally

conductiv:detector of an electror catitire detectdr, The syster hidy further Somprise @ means to t
onsmit flataccomprising: thestotal amountob VQGs presentanditargeted-organicreompaounds identified.
to one or more, offsite.. Orrg%gi}rprtr!éga%tgtions. gggylvérﬁless%ncdcgg;]iguousgrgg%mci:ssiogofih _
information may provide one with the ability?o remot€ly monitor the'total’ content and” idehtity targetbd

VCCs in 15samplespBtief Deschipfion @FBrawingschloromethane, hexane, ethyl

acetate, toluene, butyl acetate, benzene, 1,2,4-
trichlorobenzene, l,4~dichlorobenzene, 1,2-
10 dichlorobenzene, xylene, chlorobenzene, ethylbenzene and

2-propenamide.

The sample may be in the form of groundwater, riverine
water, reservolir water, tap water, wastewater and potable

15 drinking water. The sample prior to treatment may contailn
up to 50% solids which may be removed by a process
comprising centrifugation, filtration, sedimentation,
coagulation or flocculation. The composition of the
sample prior to treatment may be made up of about 0.01%,

20 0.02%, 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%, %,

5, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 30%, 40%

or 50% solids.

25 The means of separating the feed stream may comprise the
use of a gas stripper with a suitable purge gas. The gas
may be N,, H;, Ar, 0, Kr, Xe, or ambient air. The purge
gas used in the stripping step may be subjected to a
flowrate of about 50 mL/min to about 10 L/min.

30
The means of separating the feed stream may be
implemented prior to the means of passing the liguid
phase through a permeable barrier, and in series with it.

The means of separating the feed stream may also be

13



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 measutémeAt6FVOEs. Fig. 2ista Process flow diggratfitheSsystém &orisistitg 30-6fa membrane

process forithg, onling manitoring-and, measurementof VQCs. 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 stipping and membraneprocesses for the oplinesmonitoring:and measgrement of
VOCs. A sample 1 is first 10 introduced 101 via a pump 2a and sent to a. hydrocyclone 3 for the

removal 109°0F5Uspended solids 4. TRESHbERRfally sofidfree sAmple Ibs tHEn directed to a

gas-stripping ehamber 5 byanother pump 2b1 A Ab-suitatlegas:6 iscusedtpstrip-any highly purgeable
VOCs 7 that are present iq@the solid-free sample Ib. An air compressor 8 may be used if the gas 6 is

air. A mass'fioW contféiier 95s USed t& contrdi the flowrate Sf the gis 6'fo endlre E8htroiled
gas-stripping:203. Eheihighlyr20 purgeablesVOCs:: that ase remowed framsthezsolidfreexsample Ib
through theigas- etgiggisng 1%§ester§>eare directed t uqlneonline ana!lxzer. 11 for analysis. The purged

sample 12 is thén directeb bya hlgﬁ%ng%%remf gear 6ﬂuan¥p 13'1At6 a’membranefiltration skit 14. The

membfane dittrationzskitcl 4naay :contain Thembranemabdules ASeof idiffereat motecutar weight cut-of-f

(MW1.0) arrange ai?n%?eries or.in nar If? The MWCQ values %%i‘n’ thenlilggflltrqy% or nanofiltration

range. The materi 30 tlﬁ}egrhemct?ranlé}mcodgglﬁg and con guration of the membrane modules
15 is such thHat the effect of theemembranmes (MBdules d5actihg @s:=a filtration systemtwik allow the

VOCs Whic@urf%a%‘l@e(%%%argedﬂg f@%gglickgIQ%trl le (PAN) , polyamide,
polyimide, polyethylene (PE), polypropylene (PP},

I5 polytetrafluoroethylene (PTFE), polyvinylidene fluoride
(PVDF) or polyvinylchloride (PVC). The ceramic material

may be one of the following: alumina, zirconia, titania

or silicon carbide.

20 The membrane module may have a molecular weight cut-off
of 1 x 10° Da, 1 x 10° Da, 1 x 10° Da, 1 x 10° Da or 1 x
10% Da. The membrane module may be of an average pore
size of 0.001 pm, 0.002 pm, 0.003 pm, 0.004 um, 0.005 um,
0.006 pm, 0.007 pm, 0.008 um, 0.009 pm, 0.01 um, 0.02 pum,

25 0.03 um, 0.04 um, 0.05 pm, 0.06 um, 0.07 pm, 0.08 yum,
0.09 pm or 0.1 um.

The membrane module may be operated at a transmembrane
gauge pressure of about 1 bar to about 10 bars.

30
The means of measuring the quantity of VOCs may be in the
form of a +total organic carbon analyzer. The total
organic carbon analyzer may also include a suitable

chamber for the measurement of inorganic carbon content.

14



sample Ib 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 orgainic carbar present to 16 cag=ghiexide gas.dhe amount of carbon-dioxide gas is then
measured inNtE@RdeCtiector 17. The oxidation chamber 16 is selected so,that it is suitable for the
oxidation of Organic carboh €omodund Contained’in bdth the AyLedns Rht gaseens phiddes. The entry
of the purged V@Es iarthedS permbate streamit2a to-the, analyzeriknis cantrolled by @ of
four-way valves 18, The four-way valves.18 arb programmed to switch at the appropriate time interval
tb allow an Iﬁ'{ee%gﬁgnog‘re’ betv%een%ﬁrﬁ%%l\f!@Cs ‘?%rﬁ%d{% éﬁé%%%ate%?r%%%gfﬁa. I gddit?onn,
resbfecfive calibration 2@ standardsi€l9a; 419b) 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
deionized wafer 25 24 vig R-2¢- The.raw, measurement dafa which is. optained is then
transmitted to a computer. system 21 through a dataloggbr 20 where it is processed to provide
quantified d&a"whith Bodndicates the lotalrcontént of VBT i the samiple 21The datascanche further
transmitted wirglessiy throygh-a modem 22.{o ap; offsitb. monitaring station 23. 2is;g.process flow
diagram of the system consisting of a membrane process for the online monitoring and measurement
of VOCY. Héte Tikeréfstefice huRietals 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 Ib' is then directed 10
to a membrane-filtrationskit 44" usingsa pusp, A3 hesmembranefiltsation skito 24’ may gontain
membrane. modules 15' of different molecular weight cut-of (MWCOQ) arranged in series or in parallel.
The MWCO VaiiesGre il the GifLACitratioh of RandfiltrAtion fangB. The atétiaf 5725 tHe/membrane,
MWCO valueand-eanfigteation of theqvembraneanadules 15'1is puch atthe-effectofsthe memtbanes
modul??. 15' acti gasa filtration system will allow the VOCs in solid-free sample Ib' to pass Through
while fil erinﬁﬁ%p eslarger organic compounds 20 that are not in the VOC range (and hence not the
desired components of meaeuxemen )

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
20 disclosed embodiments. It is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

25 Fig. 1 is a process flow diagram of the system consisting
of gas stripping and membrane processes for the online

monitoring and measurement of VOCs.

Fig. 2 is a process flow diagram of the system consisting
30 of a membrane process for the online monitoring and

measurement of VOCs.

15



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. forsthe exidation 06 organiecarboncompaumndicontained in hoth ihe agyeous and
gaseous phases. The entry %f the ger.meate stream, 1251' to the tanai%/zer 1'is controilbg by a four-
way valve 187 4R %aaffi%n, a calib\rfat%nogt%ndacr%nﬁ%l} in thelfqu%%ugcc%ase i€a0 intrdduced into
the analyzerilt'cdtdhedway valve 18!so thattquantiicatian ot thie-contentsof)e€)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 contggttgivlgé: ggtgg @1%!]1 Jpe&@gﬁq gﬁe further transmitted

wirelessly nnrcugh a modem 22" to an offsite monitoring station 23'. 15 Examples Non-limiting
examples of the-inventionawill becfarthef describeddn dreatér déetail hyseference: tospeciffec Examples,

which should:not e cansiruied;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 TSt Weretdnduct disasedive process showit in Fig.SETw He testsSsahiplés each

contaiping IDGppmyofthe Y@EsKmade upwitpdei.onized-water),and Ror)RRCs listed i Tabi 1 were
analysed. 30 Table 1
for the removal 102 of suspended socolids 4.

The substantially solid-free sample 1b is then directed
to a gas-stripping chamber 5 by another pump 2b. A
15 suitable gas 6 is used to strip any highly purgeable VOCs
7 that are present in the solid-free sample 1b. 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 1b through the gas-stripping 103 step are directed

to an online analyzer 11 for analysis.

The purged sample 12 is then directed by a high pressure
25 gear pump 13 into a membrane filtration skit 14. The
membrane filtration skit 14 may contain membrane modules
15 of different molecular weight cut-off (MWCO) arranged
in series or in parallel. The MWCO wvalues are in the
ultrafiltration or nanofiltration range. The material of
30 the membrane, MWCO value and configuration of the
mempbrane 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

16



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

sample 1b to pass through while filtering 105 the larger
organic compounds that are not in the VOC range (and

hence not the desired components of measurement) .

5 The reject stream 12b is drained out while the permeate
stream 12a 1s 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 carbon dioxide gas. The amount of carbon dioxide gas 1is
then measured in the detector 17. The oxidation chamber
16 is selected so that it 1is suitable for the oxidation
of organic carbon compound contained in both the aqgueous
and gaseous phases. The entry of the purged VOCs 7 or the

15 permeate stream 12a to the analyzer 11 is controlled by a
series of four-way valves 18. The four-way valves 18 are
programmed to switch at the appropriate time interval to
allow an interchange between purged V0OCs 7 and the
permeate stream l2a. In addition, respective calibration

20 standards (19a, 19b) in both the gas and agueous phases
are also introduced into the analyzer 11 at the four-way
valves 18 so that gquantification of the content of VOCs
may be subsegquently achieved. The four-way valves 18 and
analyzer 11 are periodically rinsed with deionized water

25 24 via a pump 2c.

The raw measurement data which 1s obtained 1is then
transmitted to a computer system 21 through a datalogger
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 wirelessly through a

modem 22 to an offsite monitoring station 23.

17



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

10

15

20

25

30

Fig. 2 1s a process flow diagram of the system consisting
of a membrane process for the online monitoring and
measurement of VOCs. Here, like reference numerals are
used to depict like elements as those in Fig. 1, but with
an additional prime (')} symbol. A sample 1’ is first
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 1b’ 1is then directed
to a membrane filtration skit 14’ using a pump 13’. The
mempbrane filtration skit 14’ may contain membrane modules
15’ of different molecular weight cut-off (MWCO) arranged
in series or 1in parallel. The MWCO wvalues are in the
ultrafiltration or nanofiltration range. The material of
the membrane, MWCO value and configuration of the
membrane modules 15’ 1is such that the effect of the
membranes modules 15’ acting as a filtration system will
allow the VOCs 1in the solid-free sample 1b’ to pass
through while filtering 105’ the larger organic compounds
that are not in the VOC range (and hence not the desired

components of measurement) .

The reject stream 12b’ 1is drained out while the permeate
stream 1l2a’ 1is sent to the online analyzer 11’ for
analysis. The online analyzer 117 consists of an
oxidation chamber 16’ and a suitable detector 17'. The
oxidation chamber 16’ oxidizes all organic carbon present
to carbon dioxide gas. The amount of carbon dioxide gas
is then measured 1in the detector 17'. The oxidation
chamber 16’ 1is selected so that it 1is suitable for the
oxidation of organic carbon compound contained in both
the agueous and gaseous phases. The entry of the permeate

stream 1l2a’ to the analyzer 11’ is controlled by a four-



‘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) wiaksy1( aséd intthe mémbratiefiliration processowitl e filration pressi@Rdjusted to o
bars. inc filtrgtiop;process.was cartied.out at raor temperature. Theresults of the tests conducted are
provided in Table 15 2, and show that gas stripping is effective for the stripping of small chain organic
comnoundsthat aé nbhRsolar “&uctias d’léﬁl&?orﬁghar?é? hékare ahdhteduehea Theteasuxement of
these VOCs: that haye.low:misgibility, with water ate usually.relatively,straightforwar asthey can 20 he
easily strippedthe gaseous Phase and measured thereafter.However, compounds that are polar and
misciblé ith Water &lich ag @thanol 1&cetoRd Sacétitiadid and isdpropyt alcator Hivstly till Femained in
the aqueousiphase afterithestripping progess.Consequently, Em@)rrmhqd 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; hencétthey areronlycdetectedgartiallizlysthevbQ gaA steppingtmethed. Large arganic
compouhdstsrue(tzglsas:L ocdei%mtdoodgcxlosul haé(g aSnd spcoé%soﬂate K. OrrOem%in gnggr;pgfd angrremain in the
agueouA phase after gas. spar ging. 15 Fter gas stripping, the |hU|8%amples toge?r%crI with any
remaiffhg o?§dnicrdompounds wete thenchannelled to the filtration section i nithis seetion, the short
chain organig comp d ugh to_the per te sid ile larger.organic compounds
(non-VOCSTI)V%EE((:%;]Eq as(,)l %{]éig%iﬁggzo %%%O%V%rg |Ite$§(:ﬁ{%%v%§ in?f twégréteﬁ%ate%o th%?%}?? rglot add to the
|esunss©nﬁkanﬂﬁ%e data can be further transmitted wirelessly

through a modem 22’ to an offsite monitoring station 237.

15
Examples

Non-limiting examples of the invention will be further
described in greater detail by reference to specific
Examples, which should not be construed as in any way

20 limiting the scope of the invention.

Example 1: Rejection of wvarious compounds introduced 1into

the disclosed system using gas-stripping and a flat sheet

membrane

25
Tests were conducted based on the process shown in Fig.
1. In the tests, samples each containing 200ppm of the
VOCs (made up with deionized water) and non-VOCs listed
in Table 1 were analysed.

30
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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 Takd® Pdhat 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 intgpduced into the discloged system using a flat she¥pareeydrane| T8sts wierg conducted
based of the urocess shown132a. e, This arrangement used the filtra#n app roakh diréé€). Such an
arrangement is suitabie wihen the VOC2 to be detected semi-miscible or mf sdithle
compounds i ague u&pﬂ%g bamples each COﬂIaIﬂIﬂg AUUp mofiheVOCs (made up deionized
water) and 10-non=-\fOCs tisted-in-Tabte 3-were-anatysed.Tabte-3-+No.Compounds—J3-Ethanol
Molecular Wt 3 Acetic acid 60.1 118

4 Isopropyl alcohol (IPA) 60.1 82

5 Dichloromethane 84.9 40

6 Hexane 86.2 69

7 Ethyl acetate 88.1 77

8 Toluene 92.1 111

9 Butyl Acetate 116.2 126

10 Sodium dodecyl sulphate (SDS) 288.4 N/A

11 | Polysorbate 80 (PS80) 1310 N/AR

No pre-treatment of the samples was carried out. Air from
a purified air cylinder was used in the gas stripping
5 process. Approximately 200 mL of a sample was sparged
with the inert gas for 2 minutes at a flow rate of 5
L/min. The gas sparging was conducted at room temperature
and 1 bar gauge pressure. A semi-permeable
polyethersulfone flat sheet membrane (Koch HFK-328) was
10 used in the membrane filtration process, with the
filtration pressure adjusted to 6 bars. The 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 compounds that are non-
polar, such as dichloromethane, hexane and toluene. The
measurement of these VOCs that have low miscibility with
water are usually relatively straightforward as they can
200 be easily stripped into the gaseous phase and measured
thereafter. However, compounds that are polar and
miscible with water such as ethanol, acetone, acetic acid

and isopropyl alcohol mostly still remained in the

20



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

aqueous phase after the stripping process. Consequently,
if the method to measure VOCs 1in the aqgueocus phase 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 chain organic compounds
such as ethyl acetate and butyl acetate are partially
stripped intoc the gas phase according to their affinity
to water; hence they are only detected partially by the
10 gas stripping method. Large organic compounds such as

sodium dodecyl sulphate and polysorbate 80 remain
unstripped and remain 1in the agueous phase after gas

sparging.

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 PS80 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
25 from both gas stripping and filtration processes into CO;.
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 combined to
give an overall measured value of the concentration of
VOCs. It can be seen from Table 2 that at least 90%
tection were achieved for all types of VOCs regardless

e
of their polarity and affinity to water.

21
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(%) Sample 1 Measured Ethanol 85.5 /5.1 36.8 96.7 98.1 Ircutene Acetic acid
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15

20

Example 2: Rejection of wvarious compounds introduced into

the disclosed system using a flat sheet membrane

Tests were conducted based on the process shown in Fig.
2. This arrangement used the filtration approach
directly. Such an arrangement 1is suitable when the VOCs
of interest to be detected are semi-miscible or miscible
compounds in agueous phase. Samples each containing
200ppm of the VOCs (made up with deionized water) and

non-vVOCs listed in Table 3 were analysed.

Table 3
No Compounds Mbl;z?lar Ii:?lizg
1 Ethanol 46.1 78
2 Acetone 58.1 56
3 Acetic acid 60.1 118
4 Isopropyl alcohol (IPA) 60.1 82
5 Ethyl acetate 88.1 77
6 Butyl Acetate 116.2 126
7 Sodium dodecyl sulphate (5DS) 288.4 N/A
8 Polysorbate 80 (PS80) 1310 N/A

No pre-treatment of the samples was carried out. A semi-
prermeable polyethersulfone flat sheet membrane (Koch HFK-
328) was used in the tests, with the filtration pressure
adjusted to 6 Dbars. All tests were conducted at room

temperature.

The membrane type, configuration and operating parameters
were optimised to allow VOCs in the agueous phase to pass
through 1in the permeate while rejecting all the other
longer chain organic compounds. It can be seen from Fig.

3 and Table 4 that the long chain organic compounds (SDS



84.989.3 J87.481.4 95.9 fsopropylélcdhol(lPA) 97.9 ,5 Ethyl acetate ss,./

10

15

20

and PS80} were mainly rejected while the V0OCs were
permitted to pass through in the permeate for
measurement. A catalytic combustion chamber was used to
oxidise the VOCs into CO; which were then analysed by an
NDIR detector. The TOC values and percentage detected for

each of the samples are shown in Table 4.

Table 4
Concentration
No. Compound (TOC, ppm) Detjgflon
Sample | Measured °
1 | Ethanol 77.6 75.1 96.7
2 Acetone 88.5 86.8 98.1
3 | Acetic acid 84.9 81.4 95.9
4 Isopropyl alcohol (IPA) 89.3 87.4 97.9
5 Ethyl acetate 88.8 85.3 96.0
6 Butyl Acetate 91.3 80.3 88.0
. Sod%um dodecyl sulphate 112 3 8.0 71
(SDS)
8 Polysorbate 80 (PS80) 139.1 4.0 2.9

It 1s observed that the ability of the system to detect
the VOCs was more than 95% in the case of using ethanol,
acetone, acetic acid, isopropyl alcohol and ethyl
acetate. SDS and PS80 (i.e., non-VOCs) made up of longer
chain organic compounds were generally filtered off by

the membrane in use.
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85.3 1 96.0 'f ButylP catate 91.3 8 03 88.0 3cdlrm dodecylphat (sDS) .P.1 Pclysorhate80(P880)
:39.1

Applications
The continuous and reliable online detection of VOCs 1is
an important feature in the provision of potable water
(e.g. 1in aquifers and treated water) and 1in sewerage

5 networks.

In many countries that rely on groundwater sources for
drinking water, the identification of source-control
strategles or enhancing existing measures may be
10 warranted if anthropogenic VOC compounds are detected
frequently 1in groundwater. The reliable detection of a
VOC in groundwater will also be of concern because it can
additionally be indicative that a pathway exists by which
other persistent and potentially toxic compounds other

15 than VOCS may reach the supply wells of drinking water.

Made up of low molecular weight organic compounds, VOCs
can permeate even final-stage reverse 0smosis (RO)
membranes commonly found in the production of ultrapure
20 water based on water reclamation processes. 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 VOC detection systems to
25 provide them with the ability to monitor the guality of
the water produced. The continuous monitoring of the
presence of VOCs 1is dimportant starting from prevailing
upstream processes {(i.e., 1in the influent waste water
stream) of such water treatment works. The early
30 detection of VOCs at the 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.



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-thenprovisiorn ofspatable watep nvaquitess and treated-water)sewesage Snetworks.
In many countries that rely or %roundv,vater sources LC:C(2 drinking water, the idengificaéion of
source--contfdl strathpieP of @hhanding existing 85SUrks ay Bé 10" wattanted if arfhrdpbgenic 700
compounds=gréldetected drequently mgraundwater.ifhe reliablerdetegtionief:2p 1200 in ext.oundwat
erw ill also be of concern teciaupe ill can additiona n%/ be indicative that a. pathway exists by which

Il
other persis]tgr%’[ and fjgténtigﬁy toxﬁcgco%ib%ﬁﬁds%t er 15 ﬁ1aatneSOTS ’mayvreéch%ﬁg su%%ly wells of

drinking water s Madeaspiof low-molecular weeighteorgamicscarnpounds 2N OCs=can permbate even
el to0e SREAENIEEEIRO) Peiooes oovTan gy rgton of iplive 20 e
It will be apparent that various other modifications and
adaptations of the invention will Dbe apparent to the
10 person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of
the invention and it is 1intended that all such

modifications and adaptations come within the scope of

the appended claims.
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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 treatmeft 88, The early 30detection of VOGs at Tr'Thc'

source of a water reclamation plant provides plant gperatars with ample time o react; with, the
necessary measures and prevent any sudden Shutdown of the plants. The current disclosure also
provides forthBRefabteand cohtifiustis nforitefing &t 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 rietwark ot ‘dfioWed to Pedischargetintola mattiral oéiitring’ body of Watér Gewill he
apparent thatvarious-pther medifications 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 dntended that aflsuchanodifications and-adaptationsicame mathin thestcope of the

appended claimg. mCIgirp%}. A met@od of quanti_f%n? the t\g)t%l amOL#t of %OCs‘ig a ??m le comprising
the steps oft (& pra feed stream of Polar and non-polatin & lacuadi fase; (h) Soaraf Sf@%d stream
into a volatilenghaserpredoinirantlyscontains non-palarsyVOCs 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 streamlandinon-VOC senentatesstreampandeable barrier

10 to separate the polar VOCs into a polar VOC permeate

stream and non-VOC retentate stream; and

(d) measuring the gquantity 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.
15

2. A method of identifying targeted VOCs present in a

sample, comprising the steps of:

(a) providing a feed stream of polar and non-polar VOCs

in a liquid phase;

20 (b) separating the feed stream into a volatile phase that
predominantly contains non-polar VOCs and a liquid phase

that predominantly contains polar VOCs;

(c) passing the liguid phase through a permeable barrier
to separate the polar VOCs into a polar VOC permeate

25 stream and non-VOC retentate stream; and

(d) analyzing the VOCs in the wvolatile phase of step (b)
and the permeate stream of step (c) to thereby identify

sald targeted VOCs in said sample.
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(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 melhod.of sample, comp tAfying
targeted VOCs present in a steps of: (@) 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 ang-a liguid phase-that predominantly contains polar VOGs; A¢) passingliguid phase
through a permeable barrier separatepolar VOCs into a polar VOC persiaalL. e. 25 stream and
nog-VOC reténtate Stant: and? (&) adalyzifg the 7O C8 ¥ the Volatiiedtdp {h) -&hd thepermeate
stream of step {f) ta therebylidenticsaid 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 tafigetett\tOCS scatleast oae detector.6. Theomethbd:according o elaim 3, wherein

said gas select.ed from the Troup consisting of Np. ., 2, Ar, 02, K, 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:
5. The method according to claim 2, wherein said
analyzing step comprises the step of subjecting the

10 targeted VOCs to at least one detector.

6. The method according to claim 3, wherein said gas is
selected from the group consisting of N, H;, Ar, 0O;, Kr,

Xe, and ambient air.

7. The method according to claim 4, wherein said membrane

module comprises 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), nitrocellulose (CN), cellulose
esters (CE), polysulfone (PS), polyether sulfone(PES),
polyacrilonitrile (PAN) , polyamide, polyimide,
polyethylene (PE), polypropylene (PP},
25 polytetrafluorocethylene (PTFE), polyvinylidene fluoride

(PVDE) and polyvinylchloride (PVC).

9. The method according to claim 4, wherein said membrane

module comprises a ceramic material.

30
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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 accbfding e claim '9; Wherein :said: ceramic hiaterial comiprisesrat dedist onetherfollowing:

alumina, zirania, titania or silicon.carbide. The method agcording to claim 4 .01 any, of elaims 10,
wherein said men-braise module has a molecular weigi cut-off of at most about 1 x 106 Da. 12. The
method accotdifig 16 lairhlE 6pany of EfalrAs 7ot $1L wherl Asaimdifmembrane module is of an
average, pore size selected between about 6.001 pm to about 0.f pm. 13. The method according.4 or
any of claims. 7 to 1512, wherein said membrane module is in a spat' al configuration selected from
the group consisting of flat sneers, hollow fibers, tubes and spiral wound structures. _ 14. The method
accordihg to ¢1 or any B ol 8Em&T6 26713 whetein '$aid mermbrang inddulé tonipiisés bPmembranes
arranged either inparalelor i serieserld: e methad aceerding tonelaim 41eranyof glaim 14,
wherein said me_m?r ne_module is operated at a 25 rran.smembrane gauge pressure of about | bar to
about 10 bars." 16 The %&Eo@%%%o?d?ﬁéﬁn@ oﬁe]o{% thereceding claims, wherein said VOCs are
organic halides selected

12. The method according to claim 4 or any of claims 7 to
10 11, wherein said membrane module 1s of an average pore
size selected from between about 0.001 pm to about 0.1

um.

13. The method according to claim 4 or any of claims 7 to
15 12, wherein said membrane module is 1in a spatial
configuration selected from the group consisting of flat

sheets, hollow fibers, tubes and spiral wound structures.

14. The method according to claim 4 or any of claims 7 to
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 claims 7~
14, wherein said membrane module 1is operated at a
25 transmembrane gauge pressure of about 1 bar to about 10

bars.

16. The method according to any one of the preceding
claims, wherein said VOCs are organic halides selected
30 from the group <consisting of dichloroacetonitrile,

chloroform, iodobenzene, 1,1,2-trichlorotrifluoroethane,
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30 from the group consisting of dichlorpecetonitrile, 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,
bromodlehlarmethanerard chiceodibromometharne; etianolcacetore,sgcetic acid, isaprobyi alcohol

(IPA), dichlorometha}gf hexane, eth Iacet%te toluen ,tlt I",a(‘hefate benzene, .
L telr S Ingiyelnl T, = e,
1,2,4-tr|ch|.cr§béfr$z%ne, ilAéelo dich orggé)nz%n%,l,z-g'léhloro %nz%ﬁgs(il eenré? Iore&érrlliieine,

n4hyJbene.né& and 2dpropenamide t rEA SHhe, methodhacoordingstosany onebe preceding<taims, further
comprising the sien of 0 pre-dreating 15,5aid sample fo remoye.solids therefram, .14, The method
t

accordimg to _grelnthe. step of pro-treating comprises one o:rtfldre of the steps
groupcansistingeffiltratingicemtrifaig tp 20sediment - Adic toagulat-g and floccudating: £ 1974 system to

quantify the total amount ot YOGsIN a.sample compysingthe fallowing:, (@) 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.géthattredomin@tétly Eontais Won-polarsfOCxrand a liguidphase that prédominantly

contains polar MOCS; , n{¢)mgans ol passing the liguid phase through.a permeable 30 barrier to

separate the polar VOCs into a polar VOC permeate stream and non-VOC rete t ate stréeam.; and (d)
means of méasiriticfthe quEtiEPEEVOCS in the vofatile pRase 6PSEpZB) @nd the pefméate stream of

step (q)gto calculate thetotalamount of VOGs in_saidsample 20-A system to identify targeted VOr's
comprising the
chlorobenzene, ethylbenzene and Z2-propenamide.

17. The method according to any one of the preceding
claims, further comprising the step of (e) pre-treating

15 said sample to remove solids therefrom.

18. The method according to claim 17, wherein the step of
pre-treating comprises one or more of the steps from the
group consisting of filtrating, centrifuging,

20 sedimenting, coagulating and flocculating.

19. A system to gquantify the total amount of VOCs in a

sample comprising the following:

(a) means of providing a feed stream of polar and non-

25 polar VOCs in a liguid phase;

(b) means of separating the feed stream into a volatile
phase that predominantly contains non-polar VOCs and a

liguid 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 retentate stream; and

30



(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; ard (d) meansrefzanalg the VOGS injthenvalatjle phasesofsiep Kb) angthe permeate

stream of steg (o%tq therebg identify said targeted VCCs in said. sample. 20 21. The system according
to claim 19 of %8

“Wherefn $aid maans o €eparating the feedstrBam'is A gabstippat. 22. The system
according teckaim 19)or 20, wherein said petmeabterbarrierisianmemd saegaodite. 25 i28. the system
accord* to claim 19, wherein said means of measur.ino the quantity of VOCs is a total organic carbon
analyzer. Ziél?ﬁe%ystem according to claimwherein said means of analyzing the VOCs is a mass
spectramerer. 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 accorging to @gmgg, further comprising 19(€) a-meang-pfdranspiting data cemprising-
identified talrfgeltﬁd VOCs to one or more offsite monitoring stations.
ollowing:

(a) means of providing a feed stream of polar and non-

polar VOCs in a liquid phase;

10 (b) means of separating the feed stream into a volatile
rhase that predominantly contains non-polar VOCs and a

liguid phase that predominantly contains polar VOCs;

(c) means of passing the liguid phase 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 analyzing the VOCs in the volatile phase of
step (b) and the permeate stream of step (c) to thereby

identify said targeted VOCs in said sample.

20 21. The system according to claim 19 or 20, wherein said

means of separating the feed stream is a gas stripper.

22. The system according to claim 19 or 20, wherein said

permeable barrier is a membrane module.
25
23. The system according to claim 19, wherein said means

of measuring the guantity of VOCs 1is a total organic

carbon analyzer.

W
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24. The system according to claim 20, wherein

of analyzing the VOCs is a mass spectrometer.

25. The system according to claim 19, further
(e} a means of transmitting data comprising
amount of VOCs present to one or more offsite

stations.

26. The system according to claim 20, further

(e} a means of transmitting data comprising

said means

comprising
the total

monitoring

comprising

identified

targeted VOCs to one or more offsite monitoring stations.
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