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While the prior art devices and systems have provided useful products, they have not
been entirely satisfactory in providing a fast, simple, and accurate measurement of
low alkalinity water samples in a relatively simple and user friendly manner. One of
the challenges associated with measuring pH of low alkalinity solutions is that
perturbation in pH induced by introduction of indicators into the sample solution is
not negligible. This is true because indicators themselves are weak acids or bases.
Stated another way, the pH of a weakly buffered (i.e., low alkalinity) solution can be
severely perturbed due to the fact that the amount of indicator concentration
introduced into the sample is significant in relation to the quantity of acid or base in

the solution.
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extrapolated to determine the intercept points (i.e., when indicator concentration is

zero) to obtain the original (i.e., actual) pH of the unknown sample.

Other aspects of the present invention relate to the use of such systems and methods,

and to exemplary methods for measuring pH of low alkalinity solutions. Further
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DETAILED DESCRIPTION OF INVENTION

The present invention describes systems and methods comprising a polymer film-
based sensor array for quickly and accurately measuring pH of low alkalinity
solutions, for example low alkalinity water samples. It is known that alkalinity or
buffer capacity is one of the basic features of water samples. Alkalinity is a measure
of the ability of a solution to neutralize acids. A lower alkalinity means lower

capacity to resist the change to pH when an acid is added to the solution.

The concept of the present invention is based on the recognition that in low alkalinity
solutions, perturbation of pH induced by introduction of indicators into the sample is
not negligible. This is true because indicators themselves are weak acids or bases. As
a result, pH of a solution can be severely perturbed due to the fact that the amount of

indicator concentration introduced into the sample is significant in relation to the
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Measuring pH of low alkahmty solutions is not trivial due to perturbations induced by
the addition of weak acids or base indicators into the solution, especially when the
indicator concentration (which is typically either a weak acid or base) is significant in
relation to the quantity of acid or base in the sample solution. pH response may be

measured by colorimeter, spectrophotometer, or fluorescent spectrometer.

In accordance with an exemplary embodiment of the present invention, a pH sensor
array was constructed with a four-film array, although it is understood that more or

less films could be used without departing from the scope of the present invention.
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still obtain a like or similar result without departing from the scope of the invention.
And the calibration and extrapolation methods disclosed herein may be used to

determine pH of low alkalinity samples with pH responses measured by colorimeter,

spectrophotometer, or fluorescent spectrometer.

A shown in Fig. 1, a graphical illustration shows how changes in pH are realized after
introduction of various amounts of thymal blue into the solution. The results of Fig. 1
indicate that the delta pH (i.e., pH real — pH measured) becomes bigger and bigger

with increasing additions of indicator concentration into the solution. This result
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buffers with original pH of 8.12 and 8.53 were chosen. Indicator phenol red which
has a pH response range from about 6.8 to 8.2 was used. When an acid form of
phenol red was added stepwise to the weakly buffered carbonate solution, a pH meter

was used to monitor the pH of the solution.

As shown in Fig. 3, a linear relationship of pH measured to the 100 ppm indicator
addition was plotted for each of the 100 ppm carbonate buffers. The linear functions
representing pH measured from each indicator type were extrapolated when indicator

percentage was zero to obtain the intercept points. As shown in Fig. 3, the intercept
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the present invention. As can be seen from Fig. 5, the intercept point of the equation
(i.e., when indicator concentration is zero) is 9.18. Since the intercept point
represents pH before indicator additions, our extrapolation method demonstrates that

the intercept point of 9.18 is a very good approximation to the actual pH value 9.07

measured by a pH meter.

In order to achieve the results illustrated in Figs. 4 and 5, a pH sensor array was
constructed with a four-film array in which each sensor film contained a different pH

indicator concentration, as In;, Inp, Inz, and Ing respectively. Next, an absorbance



unknown sanple. As shown in Fig. 4, a calibration

curve was generated on four (0.5% 1.0% 1.5% 2.0%
WO p@Ba3m26r concentrations. The pH val ue of an REIROSANE/060321

sanple with low alkalinity (less than 100 ppm was

nmeasured. Fig. 51is a graph illustrating results from

an exenplary |inear extrapol ation nethod of the
regfoasehs movsindd fon eao@ﬁpfﬂ‘, aensbefilsefomfa @efofpH Stantldrd solutions

i nter ept p int of the quation (i.e., when indicator
hay opg adgligity valug 18 Since the intercept

poi nt represents pH before indicator additions, our

N&§! %a&@ﬂb?étloﬁncd?% hed g&@%&f FSH Efcht Bﬁt schbs itk eﬁ&ﬁ Pthe data

point of 9.18 is a vefy good approximation to the
megastiedl fGCmthmlbmesz @e‘ﬂone aispr ddic lsglibraon fvatieons drerdenadest 11, 1,

i eve the S [lustrated in Figs. 4 and 5, a

f3pﬁ“§%ﬁ roﬁzurg?%ﬁi‘t?%%ﬁ %Bﬁé??%s t\ﬁfocvﬁ a four-filmarray

i n which each sensor f|In1conta|ned a different pH
Néxdi€ ahkioverd PEIESHinipdd R applied tolthel i12 sehsd8 arradaridngbsorbance

respectlvel Next, an absorbanceresponse was neasured
valyss ragpshredHrasBmaeh Ty harravipases ef %lguléﬁorwfwalnla%w these

fixed an t YAV,

e A o R RGeS Bl 00 o Pheerivly.

sensor filmfromthe data neasured fron1the preV|ous
Nedgcprtinstap. pH]'Ivelueﬁhiebcaéctlilﬁnd ffmn@d:cihoffnlm aoen damhoctcetbsﬁinding

2, f and E4 for ose he ca
%ﬁia&w §gEgon aRd et CepIYF‘ g%mp ¥ G &pgfl faﬁnlshﬁ““ are
reﬁﬂése%ﬁaﬁqg a'ﬁ_ ays fangd), almpr:b@m;) M uest e %Sldﬁ&dpmr QNT,(Ay),
each or purposes of cal culations s
resﬂ%@eelﬁbéfoxs b@mﬂethetaﬂha@spférveluste mou&alhbe tlﬂ@sanﬁislf they Akalinity
filns esp
vt b neh oty ot &E! ol ER Ry FirulE Hapdgeq, solution.
Hbwerer 5381 pER) pIes Red gHR ¢/ilC all hevadiferen Ghlatd @Nh@Mdalinity value
absor bance val ue. For exanple, pH for filnms 1-4 are

ofrt]é%p Mesgmale 1S Igpﬁ equak t]O(tmt)of tl}ﬂ.@hhrapg{l A‘@)ldaré spelution.
f3(A3), and pH4 = Et (A4), respectlvely It is noted
h
In tP€ Ell Iﬁ?ﬁ; tgglﬁél}gélg@? tvﬁﬁ i Vl\;anfs?%% %aérﬁ l';emlse aglg\ﬁlla%d from the
prb]lmatnaqf pHhelwalpHar pHp,gH s hmh @HIn thasal art tho rextrijovetier algorithm
HQ pH, and pH4 will all have different val ues
gl?n?% alkallnlty val ue

Equation 1:
Y(In}) X(In,* pH,)
> In, 2 pH,
H — i i
p sample z([nZZ) Z [ni
X 1n, N
where:



of the unknown sanple is not equal to that of the

calibration standard solution. In the final step, the
w@eioaas72pH val ue for the unknown sanpl e is cal BCI/ES2968/060321

fromthe prelimnary pH values pH , pH2, pH3, and pH4

based on the extrapol ation algorithm given bel ow

Equation 1. T(K) (In pH) TIn TpH 1 sanple T(Inf) TIn
iidthe MNimwheee: i is the fil mindex; Inlstands for the

i ndi cator concentration in the 1th film pHis the

a nt pH val ue cal cul.ated frpom absorbance of the
In; {%%%Irsl Prrﬁhgﬁﬁh‘faﬁ‘g coBrERHeh HS thy ! cglnilﬂbr ation equation
fj; and Nis nunber of pHfilms. Fig. 5 is a graphic

pHG! Is Ut rdbhi@ht ?H {d18c QYRR FrofX hbdPKANSSE I0PNh@liYaTlhf BRA the
Cal cul ations tor the results shown in Fig. 5 and the

cogisppadpendlingtipacaeatanifc procedure are shown bel ow
Equation 2. N=4, i =1 , 2, 3, and 4 Equation 3:

( &%ﬁj= + 1.52 + 1.02 + 0.52 = 7.5 Equation 4:
aé&“:%ﬁlz .eéggﬁlqéil%‘ﬁ' + 8.75 + 9.00 = 34.73 Equation 5:

Eln 1= 2.0 + 1.5 + 1.0 + 0.5 = 5.0 Equation 6:
Fig. 5 is a graphic illustration of the exemplary extrapolation algorithm. Calculations

for the results shown in Fig. 5 and the corresponding mathematic procedure are shown

below:

Equation 2:
N=4,i=1,2,3,and 4
Equation 3:

Y(In)*=2.02+152+1.02+052=75

Equation 4:

2 pHi =8.38 + 8.60 + 8.75 + 9.00 = 34.73

Equation 5:

2Ini=20+15+1.0+05=5.0

Equation 6:

2InpH;=2.0x 838+ 1.5x8.60+1.0x 875+ 0.5x9.00=42.91

Equation 7:

pH sample = (34.73 x 7.5 - 5.0 x 42.9)/(7.5 x4 - 5.0 x 5.0)=9.18

Based on the results describe above, the present invention thus provides a system for

directly measuring the pH of low alkalinity samples by providing a sensor array

9



ZIn 1-PH1= 2.0 x 8.38 + 1.5 x 8.60 + 1.0 x 8.75 + 0.5

X 9.00 = 42.91 Equation 7: pH sanple = (34.73 x 7.5 -
WG2@8M31220 9) / (7.5 x 4 - 5.0 x 5.0) = 9. 18 BaseRCDHS100$060321

results describe above, the present invention thus

provi des a systemfor directly neasuring the pH of |ow

al kalinity sanples by providing a sensor arrayhaving a
hapingr aabiuteyitpfof lﬂdﬁﬁaﬁﬂtd@hc@ﬂ)ﬂaﬁem aad bdmatlwem mbasréd@f an

t he S an unknown sanmple to
unkaPYVh rsampgfn fﬁ? valibyatien svrea BePEHHC fmﬁ#@awaénﬁl% to obtain

tthHH"o@ thd ek sddifle UnﬁﬁQ%ra%fﬁE@'wﬁth I A&k 4G Son, these

th the present invention se nmeasurenments are
mc@ummbad? st muddrderesosiltgnéausly i avemglymananear to avaidothd tedious

di ous and Ien t hy sur enment nd .cal cul ation
oSS T G pwRae. FHHICr TRAdET SHE Saay dicator
ad@iAMB! s ane%ﬁlsml A Yx &g JolidniIne BsRér Of thehfedheaRBhtion

i nvention denonstrated a rapid response to the target,

dopanktrated alrmsld b@ﬁmgseotl@ttlae tesgictwivithirpsudth daingfabjained withesabout

tests. As described herein, the
ﬁvemfnélgr]regsf%rnl Stu ggl gges‘[tghe present invention

i ncorporate a soI i d pol yner-based pH sensor filmarray

Agdeqeribed hgem, sier dyeensfandithéteo@ndf the @resattonvention 1ncorporate a
concentrations, Once cgonstructed, .the sensor arr ay

sog roleraerthysed gHsPEOr N PIrSh coppEisindRRgriss Rh éxﬁf?rffm l%ﬁhaator
conb&atiBhd Y Ontb @ oRd RSP ﬁ{és&n&f om@a& r‘pggg(ll ¢34 Uam le solution

concentration is S|nulfaneou and rec rde
coN&axmng aa Gabwhr pitli aml flkabbiton The eoH resplonder ditonoreactu rlmmator

ener at ed otti n ured versuys ea
CoPReEATDE SOHANR SR B @l ar Bk | Srteb eo b nction
(1.t EBS I A Scudvd) i elﬁfatéd"@y ?I'G‘tt{ﬁ%alﬁé‘f)ﬁ%é/a@ﬁr%é Selshdll éa?c‘ﬁtlﬁ’dlcator
concentrati on. ting function (i.e., tting

copgerdration) The p¢lé3$@tmn| wgveeféwh rqpresaeia sl ered e pid rneasured Versus

1n§1§?t§¥ %,{)Iﬁcden?ﬁtéo Ng p]‘tit% aftﬁ?é{lo\}\lh@ ﬁe)ﬁ%ﬁ% gglgafjueog) Ere%resentlng
caGR PEeMtdsatdniht isSgoh@fatod. tTHESi@RE @l RdtIdE idBx@goWéd ® determine
i ndication of the original pH of the sanple before

the Arfpicaptoroird dyhendndicatph C@Irﬁegtr%wl ist24€0, dhysi rteipingran accurate
1n81{é‘r1t‘fc§1 SGRE gﬁ?igglipﬁl Eﬁl%%h pﬁe ¢ dg I i e? %If alﬂraﬁfotns n MHSC\Qay, the

e use rate e resu
catibeaion ndircatreireseatst & dﬁasélﬁlethf@‘kﬂIQb amdtieasitiyh &ml tm ised to
di fferent indicator

rturbation of
a‘iigtailtq rgﬁscgqﬁe sesults framy qa&é @rgd@aéoq wlﬁq_ltqﬂulckly and easily exploit
the perturbation of pH from different indicator additions so as to extrapolate the pH of

low alkalinity samples.

While the disclosure has been illustrated and described in typical exemplary
embodiments, it is not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the
scope and spirit of the present disclosure. As such, further modifications and
equivalents of the disclosure herein disclosed may occur to persons skilled in the art
using no more than routine experimentation, and all such modifications and
equivalents are believed to be within the scope of the disclosure as defined by the

following claims.
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low al kalinity sanples. Wile the disclosure has been
illustrated and described in typical exenplary
wepisdsment s, it is not intended to be |imtedP@DUSI9E8/060321
details shown, since various nodifications and
substitutions can be nade w thout departing in any way
fromthe scope and spirit of the present disclosure.
WAR B IR OLAIMMBINE: nodi ficati ons and equi val ents of the
di scl osure herein disclosed may occur to persons

skilled in the art. usi no .nore than routine
1-expe$i%faﬂdaff0r BI5ASusing PAI- KORRE DRI FRS&LS ons and

equi valents are believed to be within the scope of the
préelifile0s YHEscASord@faly NREHMRYa hhiealftplof QW Rdicatord, eV ihdicator

CLAIMED I'S: 1. A nethod for neasuring pH conprising
having adifigeenpindiqgtosgpekontiaionyH sensor array having a

plurality of pH indicators, each said indicator having
aBlfihd L1 Sl HEGB4 A SRNGHALE Ahl0 ' kARRhYIPO Sai d

nsor array to-a sanple solution Raving nown pH

nmeasuring a first pH response from each said indicator
medsntihg affieo psl nespopen &oat danky sad dali¢disrasimolitarfeomdy;i on

representing said first pH response; applying said

sensor array.to.a l.ow alkalinity sa e sol ution
sREORRG « SO ORI TR S S RPIHET eoponse
from each said indicator simultaneously; conparing
appBiifly SLE SdoPdtrayas RS QlMihity Sahflec Salutibd BividNarl WilGbivarpH;
so as to obtain a prelimnary pH value fromeach said
inchator;ﬁgenerating a fitting function representing
measpng p s¢5oRf REripsiomse Epmesch srd indicateysanaltansousdsi d

fitting function when indicator concentration is zero

co%%gﬁﬁ%isﬁ@&s%géﬂﬁ)ﬁ%%hsé)uﬁﬂfsaﬁ?&ﬂibyﬁlﬁﬂ%c "R & toPobtain a

aiml, wherein sald extrapolating step
prelompraiyseld vgkeadroat avd) shidnedicatont er cept poi nts of said
fitting function to obtain pH of said unknown sanpl e.

3. Th t h f clai , Wher ei 1 d_ ext | ati
S Lt R R S T S AR
by the equati on:

extrapolating said fitting function when indicator concentration is zero to estimate the

actual pH of said unknown sample.

2. The method of claim 1, wherein said extrapolating step comprises generating

linear intercept points of said fitting function to obtain pH of said unknown sample.

3. The method of claim 2, wherein said extrapolating step comprises an

extrapolation algorithm determined by the equation:

>(In?) Z(Inl-*pH,-)‘
pH = 21In, 2 pH,

sample —

Y(In’) XIn,
2 In, N
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T(In?) (In pH) TIn TpH P - sample / T(In ) TIn TIn
Nwhere: i is the index corresponding to each pH
WO p@Ba3m26r ; I nlis the indicator concentrati on RPET/UB®08/060321
ith indicator; PHlis the second pH neasurenent of the
1th indicator; and N is nunber of pH indicators. 4.
The nethod of claim3, wherein said indicators are
whkati d pol yner-based, pH indicator-containing filns. 5.
The nethod of claim4, wherein said indicators are

..colarinmetric .indicators or fluorescent pH
“?ﬂ@ﬂ&%?dw§?s pgﬁﬁéoﬁ@%H@%“HﬁaﬁWéin15, wher ei n said
colorimetric pHindicators are selected fromthe group

InCR S SHichGr 8dnRheNVn drekb i"Gheigobr;r ed, mcresol purple,
t hynol bl ue, bronochl orophenol blue WS., bronocreso

reen, chlorophenol red, bronocresol purple,
phbriphstsegangi PEbmgasureiaent pﬁrherleend%@h@mght hal ei n,
o-cresol phthal ein, nile blue A thynol pht hal ei n,

N %@thg&ggomnetacresol purpl e, malachite green,
brilTliant "green, crystal violet, nmethyl green, nethyl

violet 2B, picric acid, naphthol yellow S, netanil
4.yel | 'Bw, mbtheil of folezins3, whaobih sridnediBatone srigysolig glolyomgr-based, pH
. thyl aorange,, alizarin. 7. The nethod of claim]1,
lnaﬁ@PéFWﬁyai S esponse is measured by col ori neter,
spectrophotoneter, or fluorescent spectroneter. 8. The

5.met hpk @Ethed F Blafin AWVRBERINsS@irdi ®edrk dref ddldFm@Fi€ pH indicators
prepared from watersol ubl e polyners. 9. The nethod of

ordlugigscant pihiadisptersai d solid filnms are prepared from
Poly 2- Hydroxyethyl Methacrylate (pHEMA) or cellul ose

6.acetﬂ{eemetjngd o-fr&?ail'ﬁ'% %r?glsglda%d”érgia?twgﬁﬁ lll{hléa%l‘g are selected

sensor array conpri ses a eas
from the group consisting of phenol red, cresol red, m-cresol purple, thymol blue,

bromochlorophenol blue W.S., bromocresol green, chlorophenol red, bromocresol
purple, bromothymol blue, neutral red, phenolphthalein, o-cresolphthalein, nile blue
A, thymolphthalein, bromophenol blue, metacresol purple, malachite green, brilliant
green, crystal violet, methyl green, methyl violet 2B, picric acid, naphthol yellow S,

metanil yellow, basic fuchsin, phloxine B. methyl yellow, methyl orange, alizarin.

7. The method of claim 1, wherein said pH response is measured by colorimeter,

spectrophotometer, or fluorescent spectrometer.

8. The method of claim 4, wherein said solid films are prepared from water-

soluble polymers.

9. The method of claim 4, wherein said solid films are prepared from Poly 2-

Hydroxyethyl Methacrylate (pHEMA) or cellulose acetate.

10. The method of claim 4, wherein said sensor array comprises at least four pH

indicators having concentrations on the order of about 0.01% to 10%.
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I ndi cators having concentrations on the order of about
0.01%to 10% 11. The nethod of claim 3, further
w@oopnseeing the step of generating graphical PCT/US2008/060321
representations of said calibration and fitting
functions. 12. A systemfor neasuring pH, conprising:
a pH sensor array having a plurality of pH indicators,
1 leac hTisamdthod difcadiar 3 hawiheg camgtififig tienttep ndigeatating graphical
concentration; ans for pl ying said sensor array to
reRrespions ebraid PPN 4hg fggwéwﬁgm means for
nmeasuring a first pH response from each said indicator
181 MUA kaNeRYs MeastBADSH mAgesating a calibration
function representing said first pH response; neans
for applying said sensor array to a low alkalinity
a pHngsneorsastayt haymehapluigfitsrof urik mslignters), cashasail dicator having a
.peasuring, a second. pH response from each said
mﬁﬁrngngﬁgfﬁﬁF %%g%hsly; means for conparing said
second pH response with said calibration function so
mastfor gpiptyahfsad panebi drrayad ¥ spirpicadboligioh haning akhosaipdi;
i ndi cator; neans for generating a fitting function

representing said el i m nar val ues; and neans for
meARs f%ﬁaﬁ%ﬁnﬁ%az‘%ﬁt@%ﬁmnﬁa PUECh S MR AUl
concentration is zero to estimte the actual pH of

m&as FoliHhbRYRg § B Btionl Binctlerep iR MeQhidCHRd FBI 2dponse;
wherei n sai d neans for extrapolating conprises neans

fordgenerating,linear intercept points of said fitting

meansdol epplywgoiBtdasansgrHirsty ©ad dowinkabary sampleesolution hpymg an

1H&¥§&Sg}$f claim 13, wherein said neans for
extrapolating conprises an extrapol ation al gorithm

determ ned by the equation: P sanple ~ TIn 1lwhere: |
meanstforemeasdang e ocdoad pbindspugst fromasabh pdild imdd¢at@tsimultdngdusdy;
the indicator concentration of the ith indicator;

mga}li%lféf %@Sﬁﬁ%gﬁ? IEI%IE?E Sﬁgfr:sg)ggg \é{?{ﬂ setligec:aﬁ]talrrgltiiorg1 llm%’?ltog rsé as to

obtain a preliminary pH value from each said indicator;
means for generating a fitting function representing said preliminary pH values; and

means for extrapolating said fitting function when indicator concentration is zero to

estimate the actual pH of said unknown sample.

13. The system of claim 12, wherein said means for extrapolating comprises
means for generating linear intercept points of said fitting function to obtain pH of

said unknown sample.

14. The system of claim 13, wherein said means for extrapolating comprises an

extrapolation algorithm determined by the equation:

>(In?) Z(Inl-*pH,-)‘
pH = 2In, 2. pH,

sample —

Y(In’) XIn,
X 1n, N
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15. The system of claim 14, wherein said indicators

are solid polyner-based pH indicator containing fil ns.
wagos/Ibresyst em of claim15, wherein said indi BEX/O8S208/060321

are colorinmetric pHindicators or fluorescent pH

i ndicators. 17. The system of claim 16, wherein said

colorinmetric pHindicators are selected fromthe group
whkaasi sting of phenol red, cresol red, mcresol purple,

t hynol bl ue, bronochl orophenol blue WS., bronocresol
..green, chl orophenol red, bronocresol purple,
llgfl’&ﬁB@WeSRﬂp"H&g REat B BRI henol pht hal ei n,

o-cresol phthal ein, nile blue A thynol phthal ein,

InpPis MORBRAGE o dftratiRt FGRESahdiibR! €, mal achite green
brilliant green, crystal violet, nmethyl green, nethyl
violet 2B, picric acid, naphthol yellow S, netanil

PHids thewecandIFEmeararinent opHiedx insbea®dr: aid hyl yel | ow,
nmet hyl orange, alizarin. 18. The system of claim 15,
whel i | alid filnms are prepared from

<Nmatégggngpgn%g%§%%rs, Poly 2-Hydroxyet hyl

Met hacryl ate (pHEMA) or cellul ose acetate. 19. The
15yst’EBm gfsteal af nlald 1 4nwhvberimsadintlicsiors are solrdagolymer-based pH
: goqpriﬁﬁs atﬁleast four pH indicators having
IndISHOBAYYPINEAUMSn t he order of about 0.01%to 10% 20.

The system of claim 14, further conprising neans for
l@eneTiad dyRen0s I C B, WIRRIIE SE0 1litBRS aff cod@iMetric pH indicators

calibration and fitting functions.
or fluorescent pH indicators.

17. The system of claim 16, wherein said colorimetric pH indicators are selected
from the group consisting of phenol red, cresol red, m-cresol purple, thymol blue,
bromochlorophenol blue W.S., bromocresol green, chlorophenol red, bromocresol
purple, bromothymol blue, neutral red, phenolphthalein, o-cresolphthalein, nile blue
A, thymolphthalein, bromophenol blue, metacresol purple, malachite green, brilliant

green, crystal violet, methyl green, methyl violet 2B, picric acid, naphthol yellow S,

metanil yellow, basic fuchsin, phloxine B. methyl yellow, methyl orange, alizarin.

18. The system of claim 15, wherein said solid films are prepared from water-

soluble polymers, Poly 2-Hydroxyethyl Methacrylate (pPHEMA) or cellulose acetate.

19. The system of claim 15, wherein said sensor array comprises at least four pH

indicators having concentrations on the order of about 0.01% to 10%.

20. The system of claim 14, further comprising means for generating graphical

representations of said calibration and fitting functions.
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