2 4 MAR 2006 WD 03/040702 PCT/ US02130329 | NSTRUVENT AND METHOD FOR TESTI NG
FLU D CHARACTERI STI CS BACKGROUND OF THE I NVENTION 1. Field of the Invention
The subject invention relates to instrunents for measuring the
characteristics of fluids, and nore particularly, to an idhr MARA200Bst r ument
and nethod for testing the color, 5 turbidity and/or fluorescence of fluids
such as water mixed with a react ant. 2. Background of the Related Art \Water
qual ity noni twoiosigsodd2 al | | evel s of production and usage i s wEAEPSILI0329

becom ng a gl obal necessity as sources of fresh potable water becone taxed
by increasing popul at| ons. Even Iow I eveI s_of fore| gn_ matter or
cont ani nants caNSERUMENRAND METHOD ¥ LA{HD CHARAGRRT
“undetected. As a result fast and accurate vvater testl ng results are
required of an ever- expandl ng source of test sanples. Consequently, there
i‘'s a grow ngBACEGHH ‘ i AN | nstrunments and net hods for

noni tori ng ter U]%' |t he treat ment and usage of water expands.

Typi cal ly, the te@%—r@&%t—m%i—%? quality has involved the addition of a
specified 15 reagent T sabjedtih@nticiielates MBI ERAES R Ineasurihg tRBeHatieriStcs A OWN
concentration is mxed with a water sanple which contains a reactant of an
unknown concBuity and mere particajasiys foa8)impraved inswsont apd methedtfor testing the golal | v
added unty | &a@ﬁptnwmeeg%xc&m SBIACHESEDE W dRRI O LhE
reaction.” I n elther case e reagent reacts the contam nant to create

a reaction propdBickgroai daofttbeRbleted@rrrcentratl on of the cont am nant. Oten, a
color indicator is inR{Juded o 20 .that a col e occC or the col or

change is inherent to YHE ®H rﬁfﬂ%ﬂ'tof’ééét?lblﬁve cé‘% ‘t?é&ec‘strﬁ” Ke

addi tion of $oEmiRANAMNa néeeatt las LAPRS OF Fredh aﬁadrmtte@bd%rnetaed Sytrereaahgrt can
determ ne the absence or |evel of an associated contam nant. ur el

vi sual corrpapopsxbngns a&ven lavhkevels of @remmemrroveontanmamhewemsc elgmfxcettrhatittmnﬁor
sensitiv ille is required to

det erm ng) t he %“ S ?ﬁ‘g&{teac glaor%mgﬁg“ SH’ cfjachr% erq%els%fetsgl% éé%requ"ed of

Al ternativelan e\ar-e)qiaﬂalmgmdme ofnespkumtp)enetcernsa@lmqoﬂ&téltsergtd\ymgraealtfbﬁuggal

degree of react d h of _color or the spectral trapsm ssjon)
and, hence, RHi& m*ilmeg'a@p% g f?émoeaﬁtwrramqanpraﬁéwﬁatm%ar P98&P

col ori net erswgt@,de hedsoneters are not practical for field use and provide
only color related data. Wien the reaction product is a fine-particle
precipitate, the sanpllapisally,iee Bgingwsvatee qualipy b@tmv,fdvedtlm Mddﬁlqmqfrﬁlspemdwods
|.e. scajd er#eQ%ptffa*htﬂé‘ 86@5{@%&,@ fa ££c?:8{t8tkr§> en%aﬁ&ﬂéﬁ;{ f't‘hE" gh
concentrati m nant cr ea s FHCT eased "SCat Yor &,

t he | evel of watersamglet whicloconesmongsctin of heuhigivemn cOflceﬁﬂﬂi(ﬂlmAd&hianvely, the

concentration. Alternativel th 1 . o .
known reactant }s conm}{x’ally agded until a sample property change indicates the endpoint of

the reaction. In either case, the reagent reacts with the contaminant to create a reaction
proportionate to the concentration of the contaminant. Often, a color indicator is included so
20  that a color change occurs, or the color change is inherent to the chemical reaction. Thus,
subsequent to the addition of the reagent, visual inspection against a printed color chart can
determine the absence or level of an associated contaminant. Such purely visual comparisons
are inherently subjective, and therefore unreliable for sensitive measurements. Generally, a
skilled technician is required to determine the degree of the reaction and interpret the results.
25  Altematively, a colorimeter or photometer can consistently measure the degree of reaction
(e.g., the depth of color or the spectral transmission) and, hence, the concentration of the
contaminant. However, traditional colorimeters and photometers are not practical for field use
and provide only color related data.
When the reaction product is a fine-particle precipitate, the sample can be
30  measured by optical turbidimetric methods, i.e. scattering. A high concentration of precipitate
as aresult of a high concentration of the contaminant creates increased scattering. Therefore,

the level of turbidity corresponds to the level of contaminant concentration. Alternatively, the
1



2 4 MAR 2006 WD 03/040702 PCT/ US02/ 30329 presence or absence of a |evel of
turbidity froma source in a natural fluid sanple nay be a critical

i ndi cator of the quality of such a fluid sanple. An additional technique is
to add a reagent including a fluorescent marker. The reacti @rj MARN 2008
contam nant nay either enable or quench the fluorescent noiety. For 5
“exanpl e, the marker rhodanmne will fluoresce in the red when excited by bl ue
i ght- Thus, waoeaaenttting blue |ight through the sanple w PCTWsoE0sdoe a red
fluorescence proportionate to the |evel of contam nant. Accordingly,

det er ni ni ng Présencetpaabssneerpfiaevel efarbidity from@sewee ircenatinal fluid ﬁmman@y%ne

.concentrati %ﬁti?gl ir]icﬂ%to g’mh%(?“?ﬁ‘gtofffmdd £;89ahdy, 1f the blue exciting light
y pu an

is repetitive se uorescence intensity i.s nmeasured at a
particular tinme after Aaadbitibfal pechaigue ishte add aneagiee cludiigea iforésaent imarler eShence
can provide further information on the chemcal n tl'ﬂre of the contam nant.

' ﬂb‘sé

In view of tFAStigh¥ith thecoptapupant may EHRergRakte prquqn YEEFeRMAse Phi n t he

color, tuyr bieﬁsrﬁ?ﬂe,%e HaHRF ARASAME vAfI fRolek@Uh theBIWhEn exitkd Bbub ﬂgﬁd Thus,
colorinmeter includes a broadband |ight source. Filters are novéd I n and out

of the opti ¢ahsmigting Hlee lngho thirokeghcth¢ samplewill genemtesd red glubeescelbeeprbpdrtienate toethe be

noved N by motors. A.lightpipe.or. | | | ect and
direct ¢ ho. 19EHEY ot rRessitingla Adoriiny e g dF IR eve SRtk p A e
light refl gedicatétht coRRatrRionif @t dnaftindde SAES oI g thetbl @ edeiting Mighapj ects to

receivers. The receivers, usually photodiodes, convert the |ight signal
into an el edtretitygly pplsedbandithy flygrescencsiinignsity ds megsuted st 2 partigwaigise afiesgadhys,

the recqpvel,she fife!dtedah@ds He A ARDIR tarl 4riite fuHhef BfBliod dfinéthemics

envi ronnent ; e conventronal col orineter usual Ty utilrzed exc u5|vely in
-a | abor at or ynaturdafitheoemgmhieantU. S. Pat ent No. 5,137,364 to McCarthy discl oses

‘an optical " spectral anal ysi.g device haying |ight enmitting diodes :

(hereinafter "LEDs") g’h °\¥8£§1°\?§?§e’ s%[?XF’ésge"Eﬂ‘%f’ﬁBeeé’ el@%ﬂs’??%’é‘?m%s, _
only refl ecteglr lthBlfitylof flab@sAGDLS au_icfaid SatpRNtA Naditioral 2819rifékr fneludidy Anowski
et al. shows using% a plurality of ditferent colored LEDs which are run 25

accor di ng t draadbanddigbtisonecs. Filiersaraamved insandwout of theepticalpath 1o prgvigeidisferent t he
out put s ;Qf i C is.dhdicative
of b 1 g1 v Bl IR, HHCTAE, PSRBT Han A oA RIS o Bad SRR, 07
di scl oses r exayicollenyand divaet thethight tofa posftloe chieaxbjdct e tesnattd Atcoplapdimg, thekgleunmed
value to a v&i ue SocCi atbed W tdh a reference tar el'g The resul :}]&{g .

conpari son VEISE °?€°pﬁﬂ‘éep? AGFEH Waﬁﬁ?ﬁﬁv?'igiltmf‘ﬂ}’?ﬁ“? POV es- gT‘FeH‘@Eﬁ’ ee
bet ween t he bty @HordBioliéscoarre thelesht SikR419ME @n kre@:ﬁbaltéig%rial forpRBdssie. T6, 157, 454
to Wagner et al. discloses. a mniature colorinmeter. The mniature

col ori met er PraYeRtsFeBeQs 5eadingndls Frgeiyen mughbe jspigtedifeam embisatiaht.i Tycontrek thect ed
OB 00 Ao Rt BRI st o
gener ates three col or Foraxamplej UtSs Patesi¥e Salidi7i364) ta MeCarliy distlesesan oftichlhe
target meas lélée%galaa{[nafyrs]ig d\é\\%geellla%? tlpg%t grfnitgilralge digggs?ﬁergl;lia err“Y.EDs_,”) and receivers
mounted on the same substrate. Thus, only reflected light is analyzed. U.S. Patent No.
5,229,841 to Taranowski et al. shows using a plurality of different colored LEDs which are run
25  according to timing pulses. In synchronism with the LED timing pulses, the outputs of the
photodiodes are sampled, and thus each output is indicative of an individual colored LED’s
signal. U.S. Patent No. 6,094,272 to Okamoto discloses receiving a sum total‘of reflected light
and comparing the summed value to a value associated with a reference target. The resulting
comparison value is displayed in numerical form to indicate a match degree between the tested
30 item and the reference item. U.S. Patent No. 6,157,454 to Wagner et al. discloses a miniature
colorimeter. The miniature colorimeter includes a body having a light pipe for transmitting
reflected light to a light sensor, three different primary colored light sources, a display panel
and a measure button. In operation, the miniature colorimeter generates three color data points

representing the reflectance of the target measured at the wavelengths of the three primary

2



2 2 4 MAR 2006 WD 03/040702 PCT/ US02/ 30329 colors. A m croprocessor

anal yzes the three data points and displays the results in various comonly
known formats. Further, several patents are directed specifically to water
testing nethods and devices. U S. Patent No. 5,618,495 to MARE D008 -
‘automates the process of determ ning when the endpoint of tThe reagent
‘reaction is reached with the'use of a conputer in 5 comrunication with a

.col ori nmeter W {?M}ﬁ)rz devices. U. S. Patent No. 5,691, 701 to Y% Sﬁf/ﬁl's et
al . uses the voP ages generated by photosensors to produce a ratlo I ch

i ndi cat es t hors ORGhitloprockoeingiyaes the threel datal gttt &&d dikpibysdhé Fes@istin Valgo1R"
preset acceptable limt, an alarmindicating the sane 1s triggered. A

mul titude of copumanty knayrefornateckwther. geysap PRED are disgpiedispecificaPlién walklestingcal | y
10 sensi ng t gy 60181 a@lic N 128 Fifdn N6, FXATIRb foul: & a1 Rl Gires e %r§¢e§9§ 037 to

Tar anowski r'scl"oses a color sensor um nation sourc enéerates a
white |ight dveminingCehgokeendpbint ofdhe réaghit reagtieeis rédctied withchehlseiof 4 cagiputer in
ance source is to vield

directed at the sanme angle. The inportance of a I
relatively FATHREEALERPEP a(gg{%l{netqr_@gépﬁ@rsd_ee\/{g?g%gai’gﬁet .57@,1179&,‘ \X?_hlsﬁ’m
Ryczek Shomet%l.%?e@?l@ﬁité%éyé@ﬁé}%ﬂ%& gg&sseﬁéo@mq;romk gbatroﬁgﬁa'cy%icfateﬁtﬂe ght

~directly fromthe 15 t ‘source. a result, the sig romthe
‘secondary phwndisiemsf ¢rigine ogll dfdntest Buiddeehtside Tprgsat acceatabledimit] ah alapm firghichtiag k
Signal to retﬂul ate ihe | iight source power output. Additional patents have
recogni zed tHRIRESS UG8 Hat erial s display different colors dependi ng upon -

the angl e of observat ifpRultituledphtets b@ldiretledto fRaticalir abjectsof pRdocldridally Ot a
et al. recognizes the need to accurately determ ne the angl e of observation

i n order!® o ssosingthesplor eanbifst pfa e?‘%@ﬂ%’t%s- Ragerd Hoy &,303,037 oy Basanemiskict a et
"ol _ S _
~al. incor porcﬂgc?&eﬂi;cﬁgkgﬁleﬁsogmﬁﬁﬁﬂfon BRI WhAREARASS mhﬁghgaﬁtyeq@rg}t %%t@g%sm

in order to set t red angl e of observafion repeata
No. 5, 083, 86@d tightgreer light antl blo¢ bglsliretted atabalsaingranglep dibe ampartancodior bahetced .

o725 pl acod bie 5l ST e ARl SurRlrs fi ) SRR TR p AL PR °

grooves to RRY&dhowsals&ohaire phctofensifiveybMEmarhi¢H @bdivesdhSligtairedily fNan the
5,872,361 to Paoli et al. discloses a portable turbidjnmeter having a

non- i maghhg light suEge- Asrdett Hesienglirom B sscandanyIpBotogensitiyg glemsnigp useddp create
detector. A i b h t ient light on the
0 FQRR sl B IR SIS 0B (S

r eadi ngs. . Cooper et al. discloses a
nephel onet er i nst r unedAdditionalipetestsrhangreeegmizet ithpih c8Grineaterials displaglidiffeesnt such

85,10 00 N EOEoRSPUSHSRER e LRRMAARR. 1FASHED, O etOth S50 f o0
and transm toret all legdpnizeSthielneed tordchetitelysizieanink tippdngiet of obsedvalion @ bder fo0
devices 21‘00r rgr?dle}'/re(}j)?c}d%gi .er}iesrlll ts.t Jilg solve this problem, Ota et al. incorporated an angle detector
which controls an adjustment mechanism in order to set the desired angle of observation
repeatably.
U.S. Patent No. 5,083,868 to Anderson discloses the need for a portable
colorimeter. The colorimeter is enclosed in a housing for receiving a sample. When a vial is
25  placed in the sample compartment, a cap member is positioned in grooves to prevent
interference from external light. U.S. Patent No. 5,872,361 to Paoli et al. discloses a portable
turbidimeter having a non-imaging optical concentrator between a sample cell and an optical
detector. A cover is utilized to reduce the effect of ambient light on the readings. U. S. Patent -
No. 5,604,590 to Cooper et al. discloses a nephelometer instrument for measuring very high
30  water turbidities, such as 10,000 NTUs. The nephelometer instrument has one light source and
four detectors. The detectors receive back scatter, forward scatter, 90° scatter and transmitted
light.
Still further, several patents are directed to devices for only determining the

light penetrability of liquids. U.S. Patent No. 5,696,592 to Kuan teaches immersing a light
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i ght penetrability of liquids. U S Patent No. 5,696,592 to Kuan teaches
imrersing a light 3 2 4 MAR 2006 WD 03/ 040702 PCT/ US02/ 30329 gui de and a

| i qui dtight photosensor in a liquid to be neasured. Wen 'a I'%th Bome
illumnates the |ight guide, the photosensor generates a sighal A d tive
of the penetrability of light for the test liquid. U S. Patent No.
6,055,052 to Lilienfeld is directed to a systemfor nonitoring airborne
particul at eswdslosent el d appreci ates the need for a portabl eCrastzes®nt
which can 5 deternmine anbient air quality in real tine at renote |ocations.
Each of t he guidsandaligyiddght ghetesanprdn 3 bigyid 1o be meawerds OVhercalighs seuree illypminates
reference. ' . ' fordidde ARV BB .S, ot-her e
Var i ous pr b s Eulis ind RSP PephidR et RalCRle TR pRBh R o LG
as known i nteshBqifid.eUd. Bhtentidd. €056 OS2 itmbilieneklyis diredtede arsysteinrfer mbmtoring

ti me-consum n rocess of a I ring a sanple d 10 ndi ng the s le to a
1 aboratory @HEO*Q&&W@%‘?S- Ar'ﬁ%#ﬁlgtapg@ﬂ?t,es gﬁ-@?‘?ﬁ"érﬁ’&ft Fé‘fsfrg“’ﬁ?tt"gﬂcahn‘g‘ﬂbj ected
to inconsi siyeRfminabiest Mtfiali iHYEIANRIE RimotEIeEivRs ., EAGVISRSUSE phtbgs pri or
art, particularly those designed for portable field use, yield only Iimted
resul ts. | ndegeab ve angrieppipdraied hereiabydeferened. coul d consistently and
accurately indicate cgntam t s far . st han econom.c

r egardl ess of the loc@ﬁp@%ﬁh@? aecplenglyg%gle\é\@%vﬁ,mgrﬁlé)bgcf%art%n?s’%e%{ﬁvl Yoved 15
wat er testi pgoblentd dssorRitdd wiklttheeydianls afdi rehthqisrofitiesprivk hit @b Ritwraindhafedbat e
readi ngs of at |east one, and preferably a plurality of paranmeters for a
variety of R testRg JManSYSeRs Ssaite Al USRI rossSRIERIUIORE FISEMPIRYENT| ON
The pregent cLiuyifthé QndiStod 1665ABH, fof aflyird NOfLAReGEY]-Gife dnQlysOR el | Y
neasuring 30 q%f’??"?“eds of a subg't ance 1 anbi ent e?i glLt, vr\ﬁ%r ?leFjstrlét e device
d ncludes a tulgeédtoamonsistent ressss dud todumas armi. F wthandevicesrod timrprmxiag,  The
transl ucent |1, copt ai ns. t he. subst.an to be asur.eq. radiati on source,
Such as an PRBeHRTH Ped dRiehf ot BERRRE i ik iR AR BR el TufE P e
chanber and pgividisig #ddvixttthatcesld kemiiedtlyrand beduraely dhdidateinkaiiadit G vels oras trhre
anbient |ight because the radiation is mpdul ated. After passage through the
sanpl e chantf § thap geonpmiq regardlessof the locatian; \I@.gre@agqule{hgafgf, faf\ﬂlﬂnﬁ}f‘l"ﬁﬁdspaced
about the axafer fstibd RsFithat EnLRRMBE WhichGefhity&hilientAg aeaﬁdt@}eaﬁ%g% f&st The
detector generates a nodul ated output signal indicative of the intensity of
t he radi at i one,@hd pisterabdparpiungditngf pegamétens dora vatieymftapplidatienszant ioperatisg t he

radi ation squrege and the detector and processes the nodul ated out put signal

for show on& ltl|n§"pl ay. 30 The present invention is also directed to an

i nstrunent Hring characteristics of a substance, wherein
the i nstrumymgﬁﬁ%mer

The present invention is directed to a method and device for optically measuring

20  qualities of a substance in ambient light, wherein the device includes a translucent wall
defining a sample chamber and an axis. The translucent wall contains the substance to be
measured. A radiation source, such as an LED or other light source, is mounted adjacent to the
sample chamber and emits a modulated beam of radiation distinguishable from the ambient
light because the radiation is modulated. After passage through the sample chamber, the

25  radiation is received by a detector angularly spaced about the axis of the sample chamber
relative to the radiation source. The detector generates a modulated output signal indicative of
the intensity of the radiation of the beam impinging thereon. A controller activates the
radiation source and the detector and processes the modulated output signal for show on a
display.

30 The present invention is also directed to an instrument and method for
measuring characteristics of a substance, wherein the instrument includes a sample chamber
for receiving therein a sample of the substance. A signal generator has a radiation source
mounted adjacent to the sample chamber. The radiation source emits a beam of radiation

through the sample chamber onto a detector of the signal generator angularly spaced about the

4



for receiving therein a sanple of the substance. A signal generator has a
radi ati on source nounted adjacent to the sanple chanber. The radiation
source emts a beam of radiation through the sanple chamber zgt &Mﬁﬂ ect or
of the signal generator angularly spaced about the 4 2 4 MAR 200

.03/ 040702 PCT/ US02/ 30329 axis. of the sanple chanber relative to the

vradi ation source. The detector receives the beamof radiation after passage
t hrough t he swiapbeootzanber . and substance to be nmeasured thermdTso2/Bizon
receiving the radiation, the detector,K generates an Qutput signal indicative
of the intendi9f thesamplfachamberrelaye ioﬁbgﬁaiaﬂﬁnﬁ%ﬁeoﬁe ‘ﬁ‘%ﬁ”é* e bgam of
reference MeggLLGITRR pAQLR t%%%gthe R&MpIe charbed bl ?ﬁﬁétaﬂf:e (4 delridaSitbd fiefeRf €nce
sanpl es, whereln each referenceé sanple has a different concentration of an
impurity. A Upetrecdivieg themadiatiomuthe detettongenietatestan@utpahsipyal iisdicatize af the extensity

.receive a si | framthe sigpal generator based.upon a sanple. within the
sanpl e ¢ hanbgfﬂge W&W'%'%nﬂﬂgﬁ%mgconmcgﬂ?ryé Fe ef(?fe%% xqeﬂs&?r}??@ .datﬂ’hﬁsed upon
control | e3 agprraty sfadiffdte R QrBRAGSsapees, Wh@bialeadtorefdiénck e4Rple REEa ABREHI MENt S
to determ ne a concentration of the inpurity in the 10 sanple and generate

an out put si epRggntiatien efzaniimpury. YhenireHerdn commupisatiopithy thedrgmory iapgrativatol s
al so directed i . L i ang i ng of
an el ongat edgg%e{ﬁ% gHFa iﬁgﬂl tgggggﬁmgtk@?atégg%@]e@%%%t%&Rleeg‘gﬂlﬂﬁﬁa Vi g’?&acth\%\fﬁ{éérrei n

t he el ongat ebhvasymgnl urkntefr conserdmatianxofsan iliparitye Vilhe e ontnal len detsmatidally sbmpragithe |
defining a fi r?t ri.di onal ?I ane hav%n%aa first radi aﬁtﬁtgn. souy ce Emunt ed
adj acent to VH¥ an"g%feée.renﬁﬁéneﬁ ‘F%rf’e“i%m.r HONE S FOBGREROLR 16 BPYIY Wkthgyeam of
radi ati oy t hgaipthandendaRh Sutpit Kol fidicativeSEMBOtondEftatioh! Y Sspaced about the
axis of the sanple relative to the first radiation source. The first sensor

generates a first out gl pssepianventien isatsp diredted torrempthedprd deyicsiforaadiyaing on-
| mpingi ng t heygoRy sétteﬁr?%&'}ﬂ ?&gﬁ@@ka@ﬂ@ |S8Pash @?t‘érgs@ﬂn E@édnﬁ;'tir?e'a% Rl fne and
0 &d ad) acent to £

i ncl udes thereon a seco radi atl on urce noun he’sanpl e.
The second rabkreinitierelengdted sarapls defnes tas asishThenioficeAfclndediadfirstohartirtet defipingthe

sanpl e onto second sensoy angularly. spaced about the axis of the anpl e
alht i ve to DRUMGUUEHIP FROF e Sy a0h i dROE g e Ao amale Jhe s
signal . 1§ eqpliAth StrdGhiiiatfRst®esh 0P fadidlion GRSEPHhS saffle DA GRS stiiSr SigdRAY S
generated thereby. Preferably, the channels are about 45 apart to allow for

col or, transypaessiabputshppxasofithe wimple selavve i the fissh radiatiopsowse Ber/fastgawrof t he

instrunment a o | i : . i ght
sour ces whi C%&;&g{%g Hol lﬁagt g{jlﬁgr%!lgﬁfc E{é‘r/ée@éﬁé;ﬁ#eﬁg t”si"é’ﬁ‘%‘?@“g'e r@?%?%ﬁp{eﬁééréby
can be i sol ateechd chanrel defies 4 secomémenidional ipiane aad thehdehtherean e secapd d@tioh
functioning in anbien nul tivar.i ate ana

conduct ed o 1T AL g tgrh bt Trdtsond Soner s fEn R R ke e

mechani spe. RB6iafféd through ehempRdn Y Sgénddenddr@ngiilityeglacddaboit theaxik 5f thbe

simplified asrain%?egr%gg\r/]et to(%{le second radiation source for generating a second output signal.
Electronics activate each of the channels and process the signals generated thereby.
Preferably, the channels are about 45° apart to allow for color, transmission and 45° turbidity
measurements.

25 One advantage of the instrument and method of the present invention, is that
they employ light sources which are modulated, and therefore the signals generated thereby
can be isolated. As aresult, the instrument and method are capable of functioning in ambient
light. Further, multivariate analysis can be conducted simultaneously to gather data faster than
with traditional mechanisms.

30 Still another advantage of the subject invention is the simplified arrangement of

stationary components which perform a multitude of measurements. As a result, the reliability

is improved and production costs are reduced.



stationary conponents which performa multitude of nmeasurenments- As a
result, the reliability 1is inproved and production costs are reduced. 5 2 4
MAR 2006 WO 03/ 040702 PCT/ US02/ 30329 These and ot her uni que features and
advant ages of the instrunment and nmethod disclosed herein will becone nore
readily apparent fromthe follow ng description, the acconpaiyMA8 2008w ngs
and the appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAWNGS 5 So that those
having ordinary skill in the art to which the disclosed instrunent and

met hod apper Y@ A¥04f02]1 nore readily understand how to nmake ®@0d/UseE3WBEe sane,
reference may be had.jo th raw.n wherein: Figure 1 tl|ustrates a. .-
perspective view of a ?Sﬁglfff?} ™ “gffe%érs%m‘faﬁ’da’e}g%f@é?he IPYEIRERt and;mgthod
turbidity amgkcfdstdrer&if Ve Becoine@ndrt adily apledt GOMShe ftloRGnd desasRidhdgace with
10 subj ect disclosure; Figure 2a is a partial schematic, perspective view of
the optics @fcampanyisg dramings and bspppendedalaings. accor dance with a preferred
enbodi mrent of the subject disclosure, wherein only two of three envisioned
meri di onal [BREEDEFCGRIBHION OFAHE DRAWBNGS: Figure 2b is a parti al

schemati ¢, é}aé‘viéﬁl f..0 ridional plane show ng.the 5 principle rays

of thr ee(5 LEDs of an i ﬁ% WB@%agg‘ﬁf ¢ &ﬂ%’?é@'ﬂi it ﬁﬁ’c‘“’\ggot?%"&ﬁ%ﬁth\%nélsﬁloﬁeddpsé’g’é‘}e%d

enbodi ment  @hd irfeehod ld?%e@@tns aliil$ GloBstehdily Uridgistadd A6wits mAkPand iselthsahRNRFdréncet OP
al p

vi ew of one neridion | ane showi.ng the principle ray and outernost rays
of one LED &hayz had & the deamings syhstsiRict ed in accordance with a preferred

enbodi ment of the subkgile d1aG A8 RrspedlivE YU 6 ah ihSnacht R BRbLGink Bt the
optics and el ectronics~of an I nstrument constructed I n accordanc th a
preferred emaoshiseon, tobidith endsihirescenadiof e [flnglsaeipldcogstinectet! inaceorgemce with
schenatiﬁ, to viem%pf the optics of an instrunment constructed in

accor dale FYIRCLAISSIONEr red embodi ment of the subject disclosure; Figure 5

is a partial schenmati FigufeQn iya pa&tigfschmt@?&érs‘pscm& of the oﬁﬁastdf%iimun@ﬁ
measurenent in accordance with a preferred enbodi ment of the subject

. di scl osur e; cPagjueted Graceondense Mathesprafeed spbedimeet afithasubiectgisnl orare, wheteinandnt
for measuri Rgo oPfkdetAlisohalAgidisha Blagki P lilhitoR Biholibiipr escence of a fluid

sanple flowng 1n a transparent c urt 1n accordance wth the subject
di scl osure; Fi gure 6bFigsre2bas apatigleschématal sidé wawtod keaimetidiogallplane showingthe

coor darlae RPPRPEASRATE G SEraRaRisi® eot i FLine PTHE viliinctfeed

di scl osur e; embodiment of the subject disclosure;

Figure 2c is a partial schematic, top view of one meridional plane showing the
principle ray and outermost rays of one LED of an instrument constructed in accordance with a
preferred embodiment of the subject disclosure;

20 Figure 3 is a schematic view of the optics and electronics of an instrument
constructed in accordance with a preferred embodiment of the subject disclosure;

Figure 4 is a partial schematic, top view of the optics of an instrument
constructed in accordance with a preferred embodiment of the subject disclosure;

Figure 5 is a partial schematic, top view of the optics used for a scattering

25  measurement in accordance with a preferred embodiment of the subject disclosure;

Figure 6a illustrates a perspective view of another instrument for measuring
optical transmission, turbidity and fluorescence of a fluid sample flowing in a transparent
conduit in accordance with the subject disclosure;

Figure 6b is a cross-sectional view taken along line A-A of Figure 6a;

30 Figure 7a is a perspective view of a sample vial in accordance with an
additional preferred embodiment of the subject disclosure;

Figure 7b is a cross-sectional view of the base of the sample vial of Figure 7a;
and

Figure 7c is a bottom plan view of the base of the sample vial of Figure 7a.
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Figure 7b is a cross-sectional view of the base of the sanple vial of Figure
7a; and Figure 7c is a bottomplan view of the base of the sanple vial of
Figure 7a. 6 2 4 MAR 2006 WD 03/040702 PCT/ US02/ 30329 DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The present invention over cones freMAR di008 he
prior art problens associated. with water testing devices and nethods. The
advant ages, and other features of the instrunent and nethod discl osed
herein, w || DeQOOHEOTre readl I y apparent to those having or@cmaisg2/s0&2d | in
5 the art fromthefol 1 Ng a of . certaln preferred
enbodi nent s tIAKEALED DEa IBODIMENTSet forth
representative enbOd' MRt ?reﬁ\’fnt hﬂ@nt%%’fv@f@gmed ﬁﬁ(@}n&f R0 prid itk ?Mé!ﬂérﬁb Bssbdiked with
reference nuneral s identi simlar structural ‘el emaﬁ erring to Figure
1, a nulti- amaserpmng)d@tqu@n@mﬁlOdg Theadvaniaass, a]!@@bthen@lauld&s&ftlat msmsnemgarmlo

f or pr ot ecti ng unt e rein, .a di a
112 10 for |W%€(}§igqlf’crlf§gg h%rg’rnes uwcom’% e%‘a{' qrp y 685‘ toﬁ%ogg ﬁ?\@%gr[dgxa[yoﬁgll U’g er,
and a keypad tAd4 frem th@ﬁ)ﬂbwmggietaﬂaﬂcﬂesérﬁmmnébfU&&ﬁn prefterel @iivbMighehsQal@dafih nes a
recess 116 for receiving therein an ated sanple vial 130 defining a

el on
chanber t her ePHuRgonEethg drayings sdugh set fogt glﬁ@’?ﬁ?g'ﬁ‘ﬁﬂﬁ embodirgenie pf the @repentt her
bel ow, the rg ﬁori”aﬁd PhORET 1ikE r?ijefeg&smﬁma@ﬂﬁmg’s\% r stauiallelbfAEn@Pt | Cal
path for ana ySI's port 118 for communicatin a conputer (not shown)
and a socket 120 f or 1Refelhangto Figuanl,iamhdtiraals nhotmretmehsmgmst(rmeméé&mcntudes

Figure 3) are ,al so rated within the os n 110. Preferabl t.he port
11% is a) ser |a§1°“S‘PE‘>E{B F’%Ef%‘?gagﬁfbiq ligging ORUC oqen Sén%?&aﬂhetrf)mt%@é@ay 6&
ordi nary 19Ki lfbr indicitig tR€febhlReTh phirility B’f@%@snaemeyns tb R@sérNgidraNE9pid 1A%t S

watertight to increase its ruggedness. The optics and el ectronics, which in
t he current | yeqsianginpedramB Yeirmdhe h%@guéﬁée@m agerssolid forteeciving thpssin en or s

h ft "
Lhat ol ¢ clongneg sl ial | 3086l B cBoch O OUEOihecebing & Samhple M) BHEREA,
t he per f or nanieseribed fiuiheevatow,shofeceskh &l 6 properlynalipns tHeoampbeaghll 80 inhé bptital path

(phot osens  TOERADBR A RFLE 1ot T NoaHES G & compuittine: ol i Qanskerigy for

repl ace tite RW&¥ginglah intsmelpovier o¢1EIL 1t(Bodee BYFidaRBY hreedhihidgraicd within &8 HoGEngand
25 digital signal-processing electronic cquonents may be used as the
r

el ectrical cdifoRefrably. thepert | Hys o partah IRIAEBE 1 snarr therliks asiknomago lse

i ncreased reldfgm“gdn; ykmﬁthgg,%;,é,pgg in further detail below the
multi-axis, nmulti-source and nulti-detector instrunent 100 is selectively
oper at ed by eI ect ri cal Pehraidiithyinstoiprnt 10 inveatqrtightad irtcgpamfitStrgsgezsiness. The _
Preferably, sa nspanent or. 30
transl ucent, Hg%s asn(g}a%[e%tr?rflﬁég “i‘gﬁ%nﬁ 3{[ {r‘h\{\@tl Bnggemg‘#fﬁ%? c}ra}r% oﬁﬁﬁa'gqa%’é)?%ﬁ?’ﬁ,
capped bt | @letettorsa hereinafter “PVDs”), are fixed within the housing 110. It is envisioned that a

multitude of optical and electrical components may be used to fulfill the performance
requirements of the instrument. For example, without limitation, semiconductor lasers may
replace the LEDs and photoFETs (photosensitive field-effect transistors) or avalanche
photodiodes may replace the PVDs. It is envisioned that any useful combination of analog and
25  digital signal-processing electronic components may be used as the electrical components.
Reducing the number of moving parts provides for increased reliability. As described in
further detail below, the multi-axis, multi-source and multi-detector instrument 100 is
selectively operated by electrical switching to perform a plurality of tests.
Preferably, the sample vial 130 is a thin-walled, visually transparent or
30 translucent, non-scattering scintillation tube in the form of a wide-mouth, capped bottle. In a
preferred embodiment, the sample vial 130 is in the form of a clear glass or plastic cylinder
having a height of about 2 inches and a diameter of about 1 inch. As a result, the sample vial
130 will refract light passing therethroﬁgh. The medium within the sample vial 130 will also

interact with light passing through the sample vial. It is also envisioned that the sample vial
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preferred enbodi nent, the sanple vial 130 is in the formof a clear glass or
pl astic cylinder having a height of about 2 inches and a dianeter of about

| inch. As a result, the sanple vial 130 will refract Iight passi ng
t heret hrough. The nmediumw thin the sanple vial 130 wll ZSIP MA'?J[ZW] gt W th
.light passing through the sanple vial. It is also envisioned tha e sanple

vial 7 2 4 M%%%ﬁgm 03/ 040702 PCT/ US02/ 30329 130 can be s

rect angul ar r a multitude of other shapes as will B T%SB?@E?%t ed by

those of ordj be Edda}e bddtan axpsmbhg;@m mﬁftﬁudéQﬁ"BtHe? % Rfwill m@agﬁ@&%

herein. The sanple vial 130 has a tabbed, screw on p astic cap 1 e cap

132 is pr ef hpwisifprdinasy skibldn the phrtiacntal ypon raviaw Q’G@efe@chmﬁﬂerqlmg ti ghtening

| everage when wet, and.ease od| t he npl e
oV RS iR e PP TR [T L, TosdB 32T

vial 130 is di sposabl e FSamP/ f 0SS-cont am nat | ) 0

Preferably, ﬁrbﬂraﬁfy’iﬁbﬁd&d @lth 13& poonal 3Bifbt labdling, tlg'iﬁerﬁligr levériidl withiweg, 4nB@ase
reqw red anmount of sanp may be recogni zed those of ordinary skill

in the pert9fhapdling: dn B%Fs‘%!ﬂbQSlﬁn?qﬁéh? 2aHNe Wak! 39ds élsﬁosab]ﬁé‘o aNadnsi ons,
materials of ?@Q%L{a}ﬁ%alngﬁ' froﬁ{ﬁewﬁ&ﬁ% OIIJF tﬁ% 8'2 gﬁhﬁ?}e\% ]}éggaQJ fi th‘é? {31 for

structures de I'ning the sanpl’e cha erein are on

exenpl ary, aindicaming tbereqhiaﬂt;mnbmmﬁ:bampteedkxmgebma@gniqadbyMC pfm’rtlmanylskrll in
application ,of the in rgne[thPFor othgrwis&e s desired. *{)tﬁ eration, the
sanpl e vial hperfigent FT‘ WP ihe teprings Berein, the imensiorsdpagnials ehropstrichen, @t ess
116 of the idhaped sfRNampIOvialB0 R stRPitacturdRletifhl thd dahipld@UmMBE: BscIRbLhereRNP! €
taken fromthe output of a drinking water -supply. In a preferred

enbodi melt , arpenly gxgmplaxy; and maobeichapgedaas Hestuﬁdéquldmmp@thwaa@plaamphamon
optically re to the instrument's functioning. In
‘the illust ra{f&?éhﬁ%ﬁh&%ﬁéﬁ%@ﬁgﬁexhar dware and software resides
“permanently in the rerlmbpdmtionofhetshlf!plh@m i1 Biyis ¥illed v\alhdhestaetdhﬁd and pladed wdthirons

for any che caI/t inmetric t t are e hrou h the ke 4 of
Lhe hotisi ng 1 freespld6 ab e Tolpingnt 8] Bof Famiply edest M- wpFs shgle g
such as, W tf@Hkhe Jubut 8f 4 @Innkl XEs su Epmyblndabﬁéfemd&ﬂ%efmefni Y BHPRAGA130S
descrlbed in further detail bel ow e instrunent 100 anal yzes the test

fluid anth t hstsciodpasssample halder and ansontically eéactive elgmenhpecewsaiy. to thvinstatnant s ng
to Figure 2 | | :[}ng

sinplicity. a@ﬂgmgglﬁpméh@la tlggeﬂ]g @g%gﬁg]é e'f}\J/\é}eé‘gar@rru I ple PLEEQE 150 and
PVDs 152 vwwm{meatl}edl the rémaindeh ef the bewssngl 116, arldrspecific msrt;mjnonefur an)nl ne LEDs
150 are arra o that 25 the prin r | L LI t he I mdeflne
Chree mer o Smcapuabidendsens e Rhis e Bistgh B kedhd (et b hgusai i By

sanpl e vi al skRGtsaiuthe Renpad gi4gh @iprd;iaﬁteqesttsmoanlasmitmwhmﬁtaﬂidme'wlor ﬁﬁblﬁﬂﬁpondi ng

PVDs 152, The sel ecti on and, arrangenent of the LEDs 150 and_ PVDs
creates 4 pl 44N flugreyencrapt drseribedin Hﬁr@ﬁh‘i‘et%l%ﬁ‘% Thaigstrumgng 00 mévzg%wﬁrfét

chanber's axf§d ind th2Qis jaflﬁz },@Qa@ml{e résn,l@ofmg\f@{d direction, but there is no
need to further controP he cone angle of
Now referring to Figure 2a, only meridional planes 154b and 154¢ are shown

for simplicity. The sample vial 130 is located between multiple LEDs 150 and PVDs 152
when placed within the recess 116. In one embodiment, nine LEDs 150 are arranged so that
25  the principle rays 151 emitting therefrom define three meridional planes 154 passing through a
central axis “z” of the sample vial 130 and converging at the central points of their
corresponding PVDs 152. The selection and arrangement of the LEDs 150 and PVDs 152
creates a plurality of defined meridional planes 154a-c about the sample chamber’s axis z. The
LEDs 150 emit in a forward direction, but there is no need to further control the cone angle of
30 the emission, other than the refractive focussing performed by the sample vial 130. Preferably,
the LEDs 150 are relatively small view-angle LEDs. As shown, each of the LEDs 150 and
PVDs 152 lie on defined, fixed axes, and the meridional planes 154a-c pass through axis z of

the preferably cylindrical sample vial 130. Any angle effects are automatically taken into

account by zeroing with a pure water sample, as described further below. In a currently
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30 the emi ssion, other than the refractive focussing perfornmed by the sanple
vial 130. Preferably, the LEDs 150 are relatively small view angle LEDs. As
shown, each of the LEDs 150 and PVDs 152 lie on defined, f'z ed §X s.. and

t he meridi onal planes 154a-c pass through axis z of the pr eMA IfﬂUB
cylindrical sanple vial 130: Any angle effects are automatically taken into
account by ze{vg)ioggﬁ%%th a pure water sanple, as described further below In
a currently 8 2006 WD 03/ 040702 PCT/ US02/ 30329 pr ef €7 E28H3ddi nent

of the pr eseg}efé}fég%mbbﬁmwen% m?é Bre&it Qﬁfer%t%ﬁfithérﬁfrééj&él?ﬂ@% tnﬁlrigigﬁ% Spiagé@rﬁafc%r

“channel s") provide a total of nine different wavel eng I'stributed
over the neaf‘chaphels”apiovideta,total efinpmecdifierantriayelengthbandsatist(igedoveatheaear” NI R')

range for |iquid. optical absorptio The Ang sensd tivity . and .
radrsion of IhlioiReisit =B Rk fiedRa el MBAEP AR Pihe? BtTibigiohlital HiPrmin
human eye, amde xtlgngsentifieitparf precisiss oDhotdneetihe s seAdsidnandasurbaym Reccbdiathaof
classical visual color determ nation, nbodi ment, the LEDs are

I n qQne

sel ected Wit Rf @sbrl@%r%t@?d)ﬁxt@ﬁﬁﬂ’aiua?%kné%5§?él}?&%ﬁm&al 155t5 Bevond that ofglassied| or of
the |ight may:.n8.. M i LSS
wavel engt h), wlgspgecﬁwk g%%r%dog} 2@& eggz)bogwt’géeglf %}?gggagdr @ghg@rrun?’ategnd
V&I te. Pref ('?Aﬁaim diamethms andh high brighngss. Jhe colmmmli@vm&?M/\%MIimam®% bluem

i cago 10 iature Lanp. It is envisio t hat er sel ectiqns L ,
oUDe. oot el e b SR iRion e Bl eRER 10 oin); teg oM iy Foet T e S0 O o
posi tions of agdiehitd. i FaéxeraBRLIhe SshiRMEDIR AR hehBer CMDIBEIUWE SRANANK Froth THRAGO
skilled in the art upon review of the subject disclosure. Preferably, each

LED s enil8si dfinigbwelammdt jsenyistonpd thaheshesselegtionp ef LERpI RV RS, apd othgdightseyreehe

i dt h of eac ; j i [ i |l cone
of ' 15°1 i ght "0 et incRiding B Bl BEndd BB ATOARRME b rdetrs.
emtted by eaohldHebbilibds toondiskitled inatle amtgonaaviewlod g sebja@alidsiosmassi ng t hr ough

the sanple vial 130. nce,.the.r angqular shapes.of. the PVDg are needed
Lo catch al | of the | et iy SRRESOR fobo Raros ot B eE e SappIE S el

hi gh- bri ght ngs® afd thd/width BPedcB PR U5 B AR et 8@ L Bindlidh fté Cdpuiré the FANEINR of i @l
130. Each LED emts into a forward cone which preferably has a vi ewangl e of

| ess t hahS abéelt vathin e coprespordingsBY Bn The cigenlay capg oidiakt gmuted by pashld® WidiRi n
this cone of gl : : AXd | X r ar
active area. dkbg%? fné%%g&lé%é%%&s}\)/}gﬁ% gﬁ??@%ﬁ&%@%@v%ﬁé@kﬁ%ﬂ érheggctrtat%%hber
#276- 124A. Eslsipeifithdé RVID$ areadedeg io oatéhalt eflthe Hghtrin 4 proferteth embedimphteeach REDL 30

|l he, f d. [ ] d b di L I
anot her embodtHEA TS BURAEY LA/ IR irPiet s AL R RRCeRP R 20 sl

cylindrical 2ach IS eftinto rivadritond whidh breSdighi hada viewengdidof 1e@MkanGbo@aoh, LED
150 in the 5 mm space between_ the LED and the sanple vial_ 130. The

“cylindri @8l Mithsmisiendpnehly yiorplydistebitedwishin ds eens af dight RackRVR 138 hanami gh
D% At R P Lo sttt SO el BB
sensi tivity Shackheder part number #276-124A. Each PVD is placed approximately 19 mm from the
| sample vial 130 to collect the forward cone of light emitted by the corresponding LEDs. In
another embodiment, a PVD of approximately 20x20 mm may be used with a small cylindrical
25  lens (axis horizontal, not shown) placed in front of each LED 150 in the 5 mm space between
the LED and the sample vial 130. The cylindrical lens condenses the vertical beam spread to
fit on a 20 mm high PVD or other sensor. The PVDs 152 are used in the photovoltaic mode to
assure linearity of response to input signals, no dark current, and minimal sensitivity to the
operating temperature of the instrument 100. As may be recognized by those of ordinary skill
30  in the pertinent art based upon the teachings herein, the dimensions and angles herein are only
exemplary and may be changed as desired or otherwise required.
Preferably, the optical system is simple to construct, and requires no rigid

tolerancing, as shown. To facilitate lightweight construction and automatic alignment of the

LEDs 150 in each meridional plane 154, a piece of metal or plastic (not shown) may be
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operating tenperature of the instrunment 100. As may be recogni zed by those
of ordinary skill 30 in the pertinent art based upon the teachi ngs herein,

t he di nensions and angles herein are only exenplary and ed as
desired or otherw se required. Preferably, the optical syg?gmwzml eto

.construct, and requires no.rigid tolerancing, as showm. To facilitate

| i ght wei ght construction and automatic alignment of the LEDs 150 in each
meri di onal plYYABMEN2 5 piece of netal or plastic (not showRFTE92/398299 2 4
MAR 2006 WD 03/040702 /[ U machi ned or.~nol ded to secure thée- LEDs
in place. | P&RREASF mgFr%Cg&f %g%{e?gegﬁégsr mgqqaacg's ’barnolt}feﬁémg?ﬁﬁﬁ’?gtpﬁlf’grﬁlasﬁ?r like
“transl ucent ¥kt bN@insEbENRYvers Moestoxin® tre @poxat 6 Mhér&ise 86dir@bveV@E LEDS
LEDs 150 and/or PVDs 152 to prevent water and dirt buildup. In still

anot her enboldi0re/er PYDs e atorRsnvep! walepapdddin bpildup. meill anoshen pmbedimesteht ed over
the bl ue- e yidaQ bluEDesd fltcP e Hovkl) & Gnfbitel SLAL biRk BNk ggg)gsn SHlo¥ gl d

cleanliness, but to increase the srgnal-to-noirse ratio du nmeasur enent s.
As descr iShednéritdirtabplaiesite not, onlyhad clesnlingsse bt td B@rdascthe digaalaomonse emoruriog | er

e I o RO i R AT
regi mes. ConaeBueRth ih Fikile 39plogramanddid alfdnher Khowhi§ tHoSS bf 4tamBaty skiln ttfe
preferably the hand-inserted sanple vial 130. 10 In anot her enbodi nent, four

PVDs 152 carpepinentraridagerirql heayprions switphig regimes igensequentinghe elpmeying partime
oct agonal ar ; r c K r 152 all ow twel ve

di fferent Lé@%@glgigt#é%%ggyw??glﬁde%aég{ég S%rgglep‘)' aXE%?r’et ric, transm ssion
and turhiodi netric or boimitherembodimpnt; fous B¥Ds 1152 tan enartaapahiecniob@gonahal |
interference filters (nqt h in front of sone aof _the LEDs can used
‘to sharpen tAR &R (’éégﬁﬁ‘ﬁ fwvmgj%??%O.?a'.mfsgqﬂie@f»éP‘gﬁr@ C’éaa*eﬁs gnd E’H@pﬁgﬁr
PVDs 152 is gpRiiow iWwalehiffe?AKFEDEMS0 RBYRNES simBRan¥B¥sIPfor photeRERicZ8MhsR¥ssioRose
of ordinary skill in the pertinent art based upon the teachings herein,

these di nmerasid dwrbidanetrioot gplesitagie purposshidlt ifegnvistoned thayerdalhintegferneefiltess (not

ot herw se as i Mk '

‘neridi onal pﬁhéﬁr@%ﬁﬁgto?ﬁtg &'g O%is%ﬁ“sﬂgfr)s\,%aé %g E%)e\gm% ?ﬁarrgés% i tﬁr%%e(gﬁ ?Sfi&wA}s/f dgglge\fim t he
meri di ondl [Rrefesbl>éach iof theifourt Dl Bneapiediimedly 2340 ynrhHewaxa@sasmast z of a

rect angul ar coordi pate sysfe lt, wi.ll., be appreci ated by those skill]e in
e T b rScmaizDey oS o*Shariailln the penmeR ey beded RomibSeabines DU s 165% of
any of meri diifeionshRRly dfhptey afmbyed chaged a8 dBAMd e otherAEYasTBafifed!

direction. For the preferred enbodinent's capped sanple vial 130, the nost
sensi bl e direction t oRg&mingnoaytodigurps2b and genlyraremgridianal plage 134 ofghear ds.

For ouher ordafd) RSy 16 Uek1Ry! e SRAMRUE il Rlorl pelianbiles 2ougblhoachi 2

quartz pipe or other transparent or translucent c o} el ving
f1 owi ng 201 uitkyshe pleek andz ofigtectrngulareordinagcsystemt Hewilbled apprectakedrby those skitled

Do SRR R bR B 0 LGBl o 2t
meridional planes 154a-c and that axis z may be in any spatial direction. For the preferred
embodiment's capped sample vial 130, the most sensible direction to define axis z is
approximately vertically upwards. For other embodiments, such as the sample vial or chamber

25  defined by a quartz pipe or other transparent or translucent conduit for receiving flowing fluids
therethrough and described further below, there are no practical restrictions on the length and
orientation of axis z. In another embodiment shown in Figure 2c, a plain-glass beam-splitter
157 and small reference photocell 159, are positioned so as to provide continuous monitoring
of LED output power and feedback to correct for LED variations, if such referencing is needed

30  ordesired.

As shown in Figure 2b, the LEDs 150 are located at a distance “s1” in the x axis
from the left glass wall of the sample vial 130 in the drawing, and are spaced some minimal
distance “h1” in the z axis from each other. The pfincipal ray 151 of each LED in the

meridional plane 154 intersects the central portion of the respective PVD 152 along the z axis.
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157 and smal |l reference photocell 159, are positioned so as to provide
continuous nonitoring of LED output power and feedback to correct for LED
variations, if such referencing is needed 30 or desired. As shown in Figure
2b, the LEDs 150 are located at a distance "s]" in the x axi3k MARND00ge | ef t
glass wall of the sanple vial 130 in the drawi ng, and are spaced sone
mninmal distance "hl" in the z axis fromeach other. The principal ray 151
of each LED iwo bdmmo7oeeri di onal plane 154 intersects the centcaiuspgsosioon of
the respective PVD 152 along the z axis. 10 2 4 MAR 2006 WO 03/ 040702

PCT/ US02/ 30388 PViel s orisiedaparoximaiely eerpansdisuariterihestertrg axis of e gparidionaly ¢ he
central axis e I Agy» Nelelch |

the x axis %Ir% I??eangg; ¢ ﬁ%géy\z}aa (1151%43@ anltﬁﬂ’ee dr aw ﬂ&ﬁ tﬁep%@%gh‘ﬁalqmt"?@g%ﬁar@g,

and 2c, the mﬂmhanyngﬁhélﬁzﬁﬁﬁd Ztefthetmsmalat}elﬂgbtlszldréﬁmd heighit 1H™ and wxdthd w”
receives |light from r all o e respective. neridio | ane' s LEDs,
sequenti al | yAnd recgives ﬁé}%{lﬁé’ﬂ‘eﬁﬂs"lr?h OH‘?’etr%Be fve iogal plape ﬁ?@ggé?oé’enwy or

si mul taneouelmulta%e&mys QFfv&‘(ﬁorlrﬁorQ'b?ﬁt@l@@slére ffaneqktﬂneuedteguéaet 86lirccis pRIFISHIY Se
nodul at ed as desire . ase or anplitude nodulation) so tp
sof t ware of ftdqeenwcm@@bmdr@tqiéml mc@ahtedraaldysmdéeghb%ssom@uvdes| gnal

and separate_t £0mo i ch SSi 0

Furthor bel GUeSR By vl ot Wl B D1 B Bl BB VB o g™

f requency Ofan&&@ﬂ&rdt&ﬂﬂe@bmp&d&ﬂfs ahlslg@froﬂrﬂeaﬁlﬁ)uEDes ¢issio] ak aésebalfpriReribeRmel y as
follows: f1 = 1613 Hz, f2 = 1099 nd f3 = 676 Hz. Wth reference to
Figure 2b, thes eXRMR) AN Hcerentlmreé%&ﬁ&ﬂ&wl% thestrequencypfieacihl B2 @r pthes lnght
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meri di onal pl. anes 154 are, apace?%octa Qna 45 apart) around
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the central Y48li130.zAsshqwpiny heyw ‘i’ec"d‘lem§5‘ﬁb?¥ \IiS4lis detgyminegby the
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Preferably, each of the 'nmeridional 20 planes 154 contains a plurality of
LEDs 150 of Hiiffdngleen. epbelkthmveteehgtahstewaamgle@fsher@@ISJGJ)D 152. Thus, the

i nstrunent 100 of the d enhqdi t ni ne sti nct veband
150 and three i ndepenggﬁg ra Yﬁgﬁeéﬂ"é‘a OP%E[BE ;§4ﬁ§‘°‘?ﬁ§ peagoRa V\ﬁt €2 8BOW >t those
of ordinary apgy drburdihd QRS zrmte &Eferahgsedmah&ms&me tﬁﬁpfm %sshhﬁi,ew

dependi ng on the measur enent application, ?reater or | esser nunb

meri di onal pligrReshemsoretwesmeridipnal nlaaeSglrSéhtaed e Z’t’ﬁftrébls'e?aChafﬂberrnearﬂl@EDs
per meri4} on t [

e oty Orine? p]?zhgon{a, fs o piaf @fmt% h3h otégeteeﬁg SR BTl \312&3%{1@9 BB qur e
2b), parti culsar Mjuss (he instrument 100 of the preferred embodiment has nine distinct waveband LEDs

150 and three independent broad-area PVDs 152. As may be recognized by those of ordinary
skill in the pertinent art based upon the teachings herein, depending on the measurement
application, a greater or lesser number of meridional planes may be used, with a greater or

25  lesser number of LEDs per meridional plane. If the sample vial 130 is scaled up or down in
diameter, then the optical design will require s1 and s3 to vary (see Figure 2b), particularly so
that the PVD widths W (see Figure 2c) can be constrained to avoid the physical overlapping of
adjacent PVDs. In theoretical design and tests of the preferred embodiment, where the
diameter s2 of the sample vial 130 is about 25.4 mm, it has been found that for LEDs with

30 view angles where 27 is less than or equal to about 24°, the useful dimensions in the system
are an “s1” of greater than about 5 mm but less than about 10 mm, an “s3” of about 15 mm,
and “W”x”H” equal to about 20x40 mm, which are commonly available PVD dimensions.

However, as may be recognized by those of ordinary skill in the pertinent art based upon the
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that the PVD widths W(see Figure 2c) can be constrained to avoid the

physi cal overl apping of adjacent PVDs. In theoretical design and tests of
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w il be appreC|a ed b ose in the electronic swtching art that
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|1 d,
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cont enpl at ed*hE he"use o eCUF O CoSwW el ng as op
al 'ows for rsapplified egitetiing ahemewdllmgmtedfwmhn &fees“mnhmg bnrmmryaakeioWZ HewilEbd | i ng

times of the as.so ated r ifiers 180a-c, ifiers.188a-c¢. and display
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associated preamplifiers 180a-c, amplifiers 188a-c and display 112. A microcontroller 174
provides the instructions to actuate the oscillators and associated switching circuitry. The
microcontroller 174 has a microprocessor 184 and memory 186 operatively connected thereto.
25 It will be appreciated by those skilled in the pertinent art that the microprocessor 174 can
directly generate the modulating frequencies for the LEDs 150. Thus, the analog oscillators
170 may be unnecessary.
Still referring to Figure 3, the seven LEDs 150 are of various colors.
Preferably, the seven LEDs consist of light blue (B+) and dark blue (B) LEDs 150c within the
30  meridional plane 154c, yellow (Y) and green (G) LEDs 150b within the meridional plane 154b,
and red (R), orange(O) and infrared (IR) LEDs 150a within the meridional plane 154a. The
light emitting from the LEDs 150 passes through the sample vial 130. Within the sample vial
130, the light is refracted and scattered, if turbidity exists, as described above with respect to

Figures 2a, 2b and 2c. It is envisioned that two of the PVDs 152 will receive filtered light. In
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170 may be unnecessary. Still referring to Figure 3, the seven LEDs 150 are
of various colors. Preferably, the seven LEDs consist of |ight blue (B+)
and dark blue (B) LEDs 150c within the 30 neridional plane 154c, yellow (Y)
and green (G LEDs 150b within the meridional plane 154b, and2rieMARRPO06
‘orange(O and infrared (IR LEDs 150a within the neridional plane 154a.” The
light emtti f he LEDs 150 passes through the sanple vial 130. Wthin
the sanpl e V{\gpog/ﬁ%& the light is refracted and scattered, TS/YB93A ¢y
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t han one LEQ,J i : ] ' e of
R A g
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those of or déadRE)ndlgehdratedby R coRepbhdiRHP VBT 52aFNETROBRY®AnG61BP Y F d@E@hines
variably routed by switching circuitry 2 to a summng anplifier 184

| [ 1 Ng uitry 18 . ! S
accor di n t oth¢ Hmirgand;duration Rbthe artivatial abthe arramplifiers 18Q4s¢ by gentigjling agditional
described i ngy; Al i Ied2AE148 | Wy e’l(f}(& ; -Lnned
on, the corpsewslggﬁgicﬂ'gﬁlg},%@ﬁ ﬂﬁcg}ﬁgsen?\g?gfgwg%ﬁhgﬁgﬁp i??learr?%@{w%kﬁe
plurality of pestment 4rf.eTle Ho@gad signals ara yhriablnroaitedbyswitching eutuitre 182 tequameying f
nodul ation tQ r.ecei t he. te ' LS. e tuned anplifiers .188a-c
further boost e W¥FscetirtaR Hese IpERm i ey L Bl tPh o wilsf actoviRa
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frequencjes. The outputs of e n anplifjers. 188a-c are processed by
the nicr onftePb‘PI”éersuf’f‘A‘“&ﬁﬂpf‘ﬁ?dwt gf,’? n@g@fys?ﬁaggﬁl g 1ABc 95 o WRER D9 t he
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a

188a-c further boost the portions of the signals which are at the modulation frequencies of the
oscillators 170a-c while rejecting or dampening other frequencies. The outputs of the tuned
amplifiers 188a-c are processed by the microcontroller 174 and input to the display 112 for

25  review by the user. It is envisioned that the display 112 may be a LCD screen, a printout, a
digital meter, an analog needle gauge, or the like as is known to those skilled in the art. The
outputs of the tuned amplifiers 188a-c also are stored in memory 186 as data. Software stored
in the memory 186 provides instructions to the microprocessor 184 to process the data of the
particular test. Preferably, the data and/or results are transmitted to an external computer (not

30 shown) via the port 118 for further analysis and long-term storage on a periodic basis. In
another embodiment, the above sequence of preamplification, switching, summing and
frequency-selective tuned amplification, relevant to the analog representation of the instrument
100 can be replaced at any point after preamplification by a number of alternative digital

methods of signal processing. For example, a switched capacitor filter, a digital software filter,
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digital neter, an anal og needl e gauge, or the like as is known to those
skilled in the art. The outputs of the tuned anplifiers 188a-c also are
stored in nenory 186 as data. Software stored in the nenory 186 provides
instructions to the mcroprocessor 184 to process the data 9f4 MAR 2006
particular test. Preferably,.-'the data and/or results are transmtted to an

external co ‘ t 30 shown) via the port 118 for further_ anal ysis and
| ong-term sm%g%(“gﬂﬁa periodic basis. In another enbodi maﬁ’tc,T/qsﬁay”
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art upondr eWre bg readily reeagnized by prcikilisdra the arupopas ek of thesubjet gisglogurss t he

i nstrument 100 when peglzRELaiRlabdurddlor AR iRHmeRP i Rh&fpcii-pRR&hp IRARYA SIENT S
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the sanpl e vial 130, internal. | ecti pn upon exit| t he sanple vial 130,
and/ or ¥ | PR Sﬂc%?ﬁjtlhg éﬁ?ﬂ%?’ﬁangoaPptl%gscﬂ)%‘“ﬂS@%}’ggE@ OF @ A? Be of
usi ng LEDs ijuid¥r9Rid #MRhd Spladial3oigfemad feRBGOMupoR kit g e ARPRIBAL 30]

Figure 3, is the reduction of .strgg/ |ight effects. The stray |ight can be
further red@pddr reflectinn and géatteng PitheP ¥R 53 burdacse One advrntags @f using LEDs in three

meridional planes, as shown in the arrangement of Figure 3, is the reduction of stray light
effects. The stray light can be further reduced by the addition of black absorbers 190a and

25  190b, as shown by broken lines in Figure 4, within the empty spaces of the unused meridional
plane between the LED and PVD sides of the optical system. As shown, the black absorbers
between adjacent LEDs can extend inwards substantially adjacent to the sample vial 130.

To further increase the accuracy of the instrumeﬁt 100, periodic calibration is

appropriate. For periodic calibration, the sample vial 130 is sealed and contains pure

30  bubble-free water (*“the zeroing bottle”). The zeroing bottle is inserted in the instrument 100 to
check and reset in memory 186 the instrument’s clean-water transmission and any direct or
scattered stray light levels. Resetting the stored base-line levels at the time and location of use
corrects for instrument ambient operating temperature fluctuations, component aging, and will

signal the user if some mis-function or major departure from factory-set levels has occurred.
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25 190b, as shown by broken lines in Figure 4, within the enpty spaces of
the unused neridional plane between the LED and PVD sides of the optical
system As shown, the black absorbers between adjacent LEDs can extend

i nwar ds substantl ally adjacent to the sanple vial 130. To fuquheMAR ngicase
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apparatus via port 118. If the instrument 100 becomes low on power, the user may recharge

the internal battery via receptacle 120 as would be known to those skilled in the pertinent art.
| Color Change Measurements

25 Referring again to Figures 3 and 4, optical absorption of light passing
straight-through the sample vial 130 provides color-change data. It is recognized that color is a
psychophysical perception, and therefore an opto-electronic device cannot obtain such a
measurement. However, for simplicity, the term color is used to refer to the multi-wavelength
photometry disclosed herein. Thus, there is no true concern for the visual color of the fluid

30 target, just the photometric transmission at particular wavelengths.

To obtain a baseline for the instrument 100, precision spectroscopy is conducted

in a laboratory. The results are stored in the memory 186 to be used in combination with

digitized data from the output of the tuned amplifiers 180a-c (see Figure 3). Preferably, if a
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for a color analysis. In another odlnen e i nstrunent | cat es
t he concent ectagonal ooﬁﬁa)ratml ppmled emmltnmuslyrpudufﬁe;cnt fﬁhéul@tmmcfeaqmmtqs,cm i's

based upon co son o ata _paints stored in
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I %ht Si %rylng
concent £%t i B thweﬁthnxpapgyr r% CARFER fth 1s based upon comparison of data from a field

sample to data points stored in the memory 186. In the preferred embodiment, the stored data
is representative of a log-linear Beer’s Law plot. A Beer’s Law plot is made by measuring the
transmitted light signal (T) of solutions of varying concentration without varying the path
length of the light or the wavelength, and dividing T by the transmitted light signal of a pure
25  water sample (T,) with the same path length and wavelength. A plot of the logarithm of the
ratio against concentration is a Beer’s Law plot. A linear Beer’s Law plot indicates that the
Beer-Lambert relationship holds for the solution at the particular wavelength and the Beer’s
Law plot is used in determining the concentration of unknown solutions. Symbolically, the
Beer-Lambert relationship is “T/T¢=10 ", in which case “A = gbc”, where A is the absorption
30 coefficient, € is the molar absorbtivity, b is the path length, and c is the concentration of the
compound in the solution. Preferably, the stored data points are generated under controlied
conditions in a laboratory by measuring several samples of known impurity concentrations
with the instrument 100. Upon acquisition of an absorption or transmission reading from a

field sample, the stored data is compared to the reading from the field sample to find the
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to further imerealsehofr iRlyskIwitidreichlor MouldWerigphe eiutabf Mothed@brysi s, mul tiple
colors may be utilized with correspondi _[g sets of stored data points. Thus,
the results for analysis w th %3658 aE INENCIEY MEQSUFEMENES 1 esyl t s of anot her
color. Scattering and Meas ntly
preferred configurati g?]-éﬁg%‘)stgéeé{?:orrpo%]hg2??%&6{&%%%%@%%%%&??}%89@% %;03
measur ennt scondunting surbidén ntegsummn@a nmhISpgfmttp @nnt@rh atfogtigicofehecsame enmporgentsrin
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circuitry chdngas 'hg Cropt ¢ Rp t he
sel ect ed t urdetcetding torRAGOPrOCEBIVr cortra to mamgns}kmeme&eu turbidiey mtasorememany ski l |
in the pertinent art based u rg t he teaﬁgel ngs hereij Turbidity data.is

pref erabl y DRIWET Kisswm tathoss waryr sk} in mﬂ'%mk% d ypory eﬁeéa*ﬂasmre'@o I'n

one enbodi n'eﬂ}rbldm uﬁawraeplbiyybag&j WRAYP ﬁglmlgyatéﬁhg @bl 04 5P e thefellBouts. beam s
LED 150c. It will be appreciated by those skilled in the art that such an

instrumed®t 100 nay c dmens embedinent.diug tududipois areasirechbycastivatingrthe bludrbhearh sr
simplicity. I.',:]:Gb 1562 ripwﬁl’ be a'ﬂ(ﬁlt}cmted by those skilled in the art that such an instrument 100 may

contain additional components which are not shown for simplicity. For example, such

components would process the signals and facilitate performing additional measurements as
described hereinbelow. As light from the blue + LED 150c passes through the sample vial
25 130, a portion of the light is scattered and impinges upon PVD 152b of the adjacent channel.
PVD 152b has no color filter so a signal modulated at the frequency of blue light is generated
by the scattering. The amplifier 188 (see Figure 3) is tuned to the blue light frequency. After
first measuring the sample transmission by amplifying the signal from PVD 152a, the amplifier
188 is then switched to amplify the signal of PVD 150b only, and the strength of the signal is
30  proportionate to the 45° turbidity. As a result, the instrument 100 displays a value on the
display 112 indicative of the turbidity of the sample.
Still referring to Figure 5, NIR emission turbidity can also be measured.
Preferably, LED 150a is a modulated source pfoviding NIR, PVD 152a is the transmission

monitor, and unfiltered PVD 152b is the sensor for NIR scattering approximately 45° off-axis.
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20 3. Fill a sample vial 130 with a sample of the water to be measured. Inspect
the filled sample vial 130 for potential sources of undesirable turbidity
similar to the previous step.

4. Insert the sample vial 130 into the instrument 100.
5. Initiate the measurement by depressing an appropriate button on the keypad

25 114 and view the desired result on the display 112.

If addition of a reagent is required to create the scattering of particles within the
sample, additional steps may be required. An additional sample vial 130 should be filled with
a sample and sealed. Even though no reagent is added, the additional sample vial 130 should
be treated, i.e., shaken, substantially exactly as the sample vial 130 with the reagent, and a
30  baseline reading taken to account for any natural turbidity present in the original sample.
Thus, by using such a reference point with a similar shaking history, the effects of settling and
preparation within the sample are mathematically subtracted by the microcontroller 174, ina

manner known to those of ordinary skill in the pertinent art, to yield a true turbidity result.
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20 manner. known to those of rgj narS{. Fki | in the perti negt art are
r equi reg?0 manner known to those of ordinary skill in the pertinent art are required.

In another embodiment, multiple blue LEDs on the meridional plane 154¢

increase excitation intensity, and in turn increase the generated signal strength. To further
increase the strength of the fluorescence signal, receiving PVD 152a may be placed closer to
the sample vial 130 to increase the collected fluorescence signal. The fluorescence sensitivity
25  can be increased still further if the receiving PVD 152a is an appropriately molded Winston
cone and avalanche photodiode detector, as would be appreciated by those of ordinary skill in
the pertinent art.
Multivariate Measurements
Multivariate analysis is analyzing two or more different sets of data
30  simultaneously using matrix mathematics in a manner known to those of ordinary skill in the
pertinent art to separate out the results. For example, turbidity and fluorescence measurements
can be collected simultaneously with the instrument 100. Simultaneous transmission and
scattering measurements can be taken with no cross-talk because the LEDs 150 are modulated

at different frequencies. Simultaneous transmission measurements at multiple wavelengths can
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20  of a transparent or translucent conduit 232. To achieve this, the instrument 200 contains
multiple LEDs 250 and multiple PVDs 252 on multiple meridional planes (only one shown for
simplicity). A microcontroller 274 is also housed within the instrument 200. Preferably, the
LEDs 250 are secured on one side of the conduit 230 and the PVDs 252 on the other side. For
simplicity, only one set of LEDs 250 and PVD 252 are shown in Figure 6a. The instrument

25 200 is halved along a center line passing parallel to the sample chamber axis z'. Preferably, the
two halves of the instrument 200 are secured together by a hinge 240 and a closing latch 242.
The transparent conduit 230 defines the sample chamber therein. In one embodiment, the outer
diameter of the conduit 230 is about 1 inch to allow a configuration of meridional planes 254
as described above. Such an arrangement permits continuous transmission, turbidity and

30  fluorescence measurements of a matenal flowing through the conduit 230. It is envisioned that
this arrangement is applicable in industrial photochemical and biochemical reactors, municipal
water and sewerage plants, nuclear power plant fuel rod storage facilities, and the like.

In monitoring flowing fluids, it may be advantageous to scale down the optical

sensing instrument 200 to accept sample pipe outer diameters of 0.5 inches or less.
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201. Al t er natquirhnignts e ayccTmdmetons diffesai applicatiohs Beudes mt a:s cuiraﬁlyroamté:tl on
source vvhere appropriate in lieu of the LEDs 250, with PVDs 252 of even.
smal | er 10surkeserae K- t han 20x20 nm as descri bed above. Applications

utilizing 0.5 inch di @ﬂgrﬁrnoﬁda%r&;n%% &%ﬁ@%&&.@ﬁgﬁ EPYDS 851 Mg tﬁa/ﬁ;zégtoff" ng

menti oned above, plus nmon relative pl ping I n c em ca
phar maceut i dhéir mnudibmplammlﬁésim wgmmdama@comwdahencbmloeng pEpetrreheniieal ﬂmds

{eachi ngs. hararRrirehs BEEHIGER SRl of BRLtr TS PR Stt i Be
scal ed -up qfartitalare doﬁcdai&etﬁomhemroemg|cmemme5caaiedamyo@io\mwﬂfaétmsmib(fﬁuﬁfsent
applicatjons or g s that are urrentléu | ater 10 beconme known. Only

m nor delsi grivehasdipzang mdystaal gad Frginga SbgaSthénﬂmgerzzezata!eosﬁgertcri@ca&ﬁeé of
their meridiQmal fRIRNGSH 22bn@ERed €BY! 118ddr Qo AARLITBSh I n'oﬁv%'lgﬂt&er y,

petrochemical fluids having refractive indices higher than wate
the 1.4 - 1.tbeseargauenfongsrsquisshonseaidargpared Pb’msanévwmmtemambrtmsmahrl ng

lso b d out | fract ndex fl uid h |
Chdustr i al - dndUelig s oo BRI, e s PR S R PEST A
critical fl uhglSng aK&GHIRE uppawa%e #@6udiOBe sdnthlO Bieferdbly, T6H Higffempetafiedid 1Bl Y

all of the light energy, _these neasurenents require the use of |arge-area

PVDs andzwertympmww‘éma@m@m@ tirzamplercontainieg tubes 330diRe vacowe sealetingide
sem conduct %rome@ﬁﬁ rlﬁgerl?)ﬁfé? H§a‘?’tzr19be§ ke {h%ﬁﬁﬁigllﬁsuia% {hgggrhfﬁ@s hbrgrﬁtxe &%@msensing

instrument 200. In such an arrangement, the PVDs 252 are preferably designed to fit closely
around the outer insulating tube.
Referring now to Figures 7a through 7c, another preferred embodiment makes
25  use of a sample chamber 300 with an integrated circuit 320. The sample chamber 300 has a
cap 332 and a plastic base 310. The base 310 is secured by a press fit, epoxy or other method
known to those of ordinary skill in the pertinent art. As shown in Figure 7b, the base 310
contains an embedded integrated circuit or printed circuit board 320 which carries electronic
devices such as non-volatile, erasable, writable memory. The electronic devices store specific
30 test software instructions, test-specific calibration data, user interface configuration data and
the like as may be desired. The printed circuit board 320 of the sample vial 300 also contains
an identifying number which positively relates the sample vial 300 to prepackaged chemicals,
such as reagents, that may be inside or supplied with the sample vial 300. Upon insertion in

the instrument 100, the instrument 100 recognizes the sample chamber 300 by the identifying
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shapi ng takes place in passage through the sanple. Preferably, for high
tenperature and | ow 20 tenperature flowing fluids, the sanpl e-containing
tubes 230 are vacuum seal ed inside sonmewhat |arger outer quartz tubes to
thermally insulate the sanples fromthe optical sensing ins r,!um?t 0. In
. such an arrangenent, the PVDs 252 are preferably designed to*f

around the outer insulating tube. Referring now to Figures 7a through 7c,
anot her pref Bir@@4€hbodi nent rrakes 25 use of a sanple chan%T/USBOOWth an

i ntegrated CII‘ uit 320, Tesa hasa 32 and a tlc
base 3 10. THE ?Ia%"g el fﬂ%e rle«‘écur gdlsgr@%%g g the %'15’6958‘ %m??f‘ﬁﬁ?“e
known t o thessutérhatiealtly start sheSkletted test. t’lﬂhﬁs,pl&f msenemy naéds to A tlid’ﬁikf@leldﬂarﬁbé}ur e

7b, the base 310 contains an enbedded m{s rg ﬁd circuit or printed circuit
board 320 whith the,sample vial 300iand apsert t éoine vial 30 inythe dpstugnsntak00) & degifeds tis| e,
writabl e e SRt cHifbeP SAFEPBI feulhBll deBendlDigonIREGi B didEesapldtar &

i nstructions est-specific cali at| user I nterface con |gurat|on
dat a and5 t henductedthesewitly be desired. The prl nt ed circuit board 320 of the

sanple vial 300 al so tal ns ntif er which tivel

relates the sanple wlg‘f %’ﬂét‘?g‘gﬂrreeﬁa‘g‘ ﬁ’é% MMUNIEHES) ‘B‘gl%h’

that may be1p0\&kélghMe 5asdPI0, Wﬂeﬂ\b]ta&dtlhﬂlesr@é&% €16/bthe ﬁﬁgumHRQUO'mﬁleb'l)Q%é n
the instrument 100, the instrunent 100 recogni zes the sanple chanber 300 by

the identi f yeight ofthefilledvampizood 3D Berdissa2tspofiomboriguape in thantsess, | 14nd
receives the, e c%ﬁfa s¥n h@ %!‘ﬁb't&’ %to“’a &8 Wc&xﬂgct%@hggﬁéﬁ}aﬁed?%%a%{ ement s

and to automatl ca e se needs to
fill theo samdumsehmmma in metréuess 1t15®f ﬂmrmsltmmehalO(BQﬂ oadiembaotimerit, ztnhﬁxteﬁ-anpl e

vial 300 in the instrunment |f desired, .the nber 300 may be
reusabl e def®Heft Hﬁgéb%ﬁ‘o‘t"ﬁ E’HB%%%‘iecetsééfg%ﬁts’gé‘}sf n&e Elgsggs ¢ EYRAAR ed
therew th. BRE@ELIghAinkCankiatiehBal €6ntadtRE6, m@m\(w&n O8N EAI A% it h the
i nstrument 100 through the base 310, when placed in the recess 116 of the

i nst rument  elegiricattyeouplat to,the mesopraegsiantl ¢ fcomeurfiatesagwenandi reultiplaxedzdatrical
regardl ess of Tg&? ck%&‘?dr@.”%s%{sb@%%h %’lhétfl?ét%‘? 5?@%&2 indttnen Wﬁ%ﬁbecom acts

in the base % 0 cone I hto e ectrlc con r|ng cont act
10 butt ofis eletiemhitatly conretred by a egmcitivé cafplihpebyi lnwtﬁawaehRFI]]j’Glypd tachmokgy, by
enbodi nent, an outer . contact rl%g 312 mpunfed within.th tgecess 116 of the

i nstrument S@EARNCIcvRlng, byany SREipHY oBloalsqtiopls re’QP'&fﬁﬂtrO]a eent ral contact

316, also nounted on f kil besgprétfatdd sy theeF ordiddty 3Kfl in Bleeiinefattihat @iRUpl ed to
the m croprocessor 184, conmmuni cates power and mnultipl exed el ectri cal

si gnal s bacRompanenisapddimepsiprs desaihed Aqveiasnenly expmplaniang gancbeshangsd @s
i nstrument 10Q gaﬁre%%yqe@%&)gﬁéyngﬁg 'Alccsmggiy LifdadiYied d%?o‘?iﬁﬁgﬁ 6f§§ef89&kp' I ng,

by | ow power e’tech €t1c coupll ny ordi nary
opt o-el @@tr embothem)iseo betakemin anaﬂnlstltahee, las &ppos¢d tova lirhitibg saqspr%xlathed by
those of or gr{vrelr?tgo% has een descnlbgc? with rréslpg ?to prel‘errea emtbocthments those skilled in the art

will readily appreciate that various changes and/or modifications can be made to the invention

without departing from the spirit or scope of the invention as defined by the appended claims.

22



conmponent s and di nensi ons descri bed above are only exenplary and can be
changed as desired or required by new applications. Accordingly, the
detail ed description of preferred 20 enbodi nents is to be taken in an
illustrative, as opposed to a limting sense. Wile the fﬁtmﬁl\p m@ﬁ been
described with respect to preferred enbodi nents, those Skl|| t ar
wll readily appreciate that various changes and/or nodifications can be

made to t@g iggegtion wi t hout departing fromthe spirit or scope of the

i nvention ‘appended clains. 22 2 4 MAR 2006 WHAT | S CLAI MED

I'S: 1. A devicg, f&aeﬂwfo‘;a{)ﬁaan %@Q@Hﬁég éﬂaes%gg%n& lﬁmﬁaﬁgglﬂ n anbi ent
transl

light conprising: at |eas ent wal Ining a sa e chanber
for recei wonugnsmgr e| n the substance to be rreasured and defining an axis; a

first channel d afirs |onal ncl udi ng, t hereon: at
| east one radi&ff H?B%“ Lﬁ%ﬁ gﬂf&éé gﬁg?ﬂg §%ﬁﬁF@V hgeln  wherein
t he at Ie%sﬁgqné@glb@%&gu@@uﬁggeﬁﬂ;ﬁéwgﬁsa first radiation source and a

second radiation source, the first radiation source and the second
radi ation sour @é’lrbtmhngleldﬁﬁmhgy fisg amarndlional plahe and includinig tberkem:, the first

radi ati on source em ted beam o di ation distinguishable from
the anbi ent |ight b&L%&gé’He&d %‘W&HVSW‘B‘H eé?ri’aﬂcﬁlétt @&Wl? F'on source
emts a mMaghékeh B P RAN e rﬁdiéﬁ@ﬁ é&&&h&h&é@%ﬁ@h@&iaﬁoﬁ EOUFEd AR 2 @RBAENT |1 ght
based on sai d nodul ation; and | east one detector angularly spaced about

the axis o#diatiom ®ar¢pl the ﬁrﬁandaeﬁm%meuaué thesseconal fadiation amtdcsb@ognd radi ation
sour ces, Mh&;GI ctor, the

| ud
DY ErCT na IS sPack e Bive 8 356 A, i Hril ShRyor ot 4 oot edh

t her ef r omof waisdtRdRAtdistinkisRa16 BomARE ambieat fight BhsedIneaidmod il oS AfdARE
radi ati on source is positioned so that a principle ray emtting therefrom

subst ant i éPQO}’Id rydiattanssoprreemitsa mpqhdatedl beasg pbradiatine distinguiskpblefomrthe ecei ves
t he nodul gen?gggso Fr%e I{l?aail %;tolpﬁfép ta%d passage through the sanpl e chanber

and substa and generates a nodul ated out put
signal indicative ofattdagt dn8ldefsiok yngaﬂarly'@acerdaa&baitﬂh@ax@fofmﬁab@wm i mpi ngi ng
t hereon; a second channel defining a second neridional plane and incl uding
t her eon: @hamb%rsr@laah@twthel fizst pnkhsesond radiatien sewgesa tjhgreim therap laapteonganyl e
chanber, I nd channe

i ncl udes a dl}dé?%? &chr(ﬁ %g%)&ﬁggﬁ ﬁ?geld%ef%gg (s)ﬁrggﬁm‘%)s ontegg%gg‘l?ngof radi ati on

di sti ngui qiﬂmbllpﬁe fay enlitting thepdftan bubstangblly pasescbnonthedlrst deesttorathe eecondnd at

| east one detector angularly spaced about the axis of the sanple
radiation source is positionied so that a principle ray emitting therefrom substantially

passes onto the first detector, the first detector receives the modulated beams of
radiation after passage through the sample chamber and substance to be measured
therein, and generates a modulated output signal indicative of the intensity of the
radiation of the beams impinging thereon;

a second channel defining a second meridional plane and including thereon:

at least one radiation source mounted adjacent to the sample chamber, wherein
the at least one radiation source of the second channel includes a third radiation
source that emits a modulated beam of radiation distinguishable from the ambient
light based on said modulation; and

at least one detector angularly spaced about the axis of the sample

chamber relative to the third radiation source, wherein the at least one detector of the
second channel receives the modulated beam of radiation emitted by the third
radiation source after passage through the sample chamber and substance to be
measured therein, and generates a modulated output signal indicative of the intensity

of the radiation of the beam of the third radiation source impinging thereon;
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chanber relative to the third radi ation source, wherein the at |east one
detector of the second channel receives the nodul ated beam of radiation
emtted by the third radiation source after passage throughzthmamﬁe
chanber and substance to be neasured therein, and generates a{' u ed
out put signal indicative of the intensity of the radiation of the beam of
the third radi atcoomoldareoumed tptha dirst gadi itemesonrce 28d thedfidARt&d6don control | er

coupled to the firs adi ation source and the first defector, for activating
the first FUHREE lfé{ﬁ?g OQHWB?@@%‘QFWHSF}&W%&t%f%%?ﬁ{ﬁ the first

detector; defeios Mldspl ay coupled to the controller. 2. A device as recited in
Caim1, further conprising a housing defining a recess, and wherein the at
| east one trangldispdaytconnled to thefeontrelderby a vial defining the sanple chanber

therein, and the fi,rst radi.at,i.on,souyce .and fir.st detector, ar.e nounted
L oot ol he” Audte sGeRa R baE SRR otpfithe SbRhE e ife B n (o at

| east one rédead) ahdlGBBlein'@k lat leBist oRB Brafsthd¥Rt RhIY isCistth&Wby & ¥lal définify HRVI Cce as
recited in Claiml, further conprising at |east one oscillator  coupled to

t he at | essmplsishambefitherein ardihe diastaadiation Jourostand Hisstrdetecfoparemounted i ng t he at
| east one rad‘;ﬁg&(i)@n source of the first channel. 5. A device as recited in
Claiml, Pﬂ?f Sﬁfﬁefssi ng at | east one anplifier coupled to the first

detector for bGoA HAGcd LxqeftHdIHClENONWherdifl (HEUTRABH 512 tRibREent WaBildyenci es. 6.
A device as recited in daim1l1l, wherein said at | east one radi ati on source

of the sappiedinedelsigelindricahngul arly spaced about the axis of the chamber

relative to th(gl ,{iéSt rargi.gétiiora: SIOU{ . 7.0A delvi ce, as reci tﬁ% in Caim1l,
wherein the displ a§} Vc}%ef’rﬁrl‘él §1 _ é‘i‘glp ’3@“96&9 mel_ng&aeﬁ% ngggca | Rent readi ngs
based on tcb@pl_ed)_duhahﬂ@aa%@%diﬁioﬁ%ah&e othe/ﬁrﬁiQ‘hhﬁﬁ:_lﬂ_&rﬁ&ﬁilz_ttﬁ% th&atCl ai m 1,
further conprising an optical |ongpass filter positioned in front of the at

| east one lefst enetradiaton squescesefdbairstpasnel for separating a fl uorescence

i1
ource of the Bt /X ECORAERITh b A efbfrink Ui cnERRbAREE  O0' B

recited i rotpled 10 the fivdi derttor fdidopstingah®b@pitigml aid@arhpensig othédi at i on source
and the principle ray of the second radi ati on source each extend through

the axis drpdBengieSentral region of the first detector. 10. A device as

recited in d ai6m&de‘y%@ee seljeatetdnﬁ dcljlifnsf, vaﬂegeiﬁ &48 gglegﬁ%ingucﬂeﬂion source of

the second channel is angularly spaced about the axis of the chamber relative to the
first radiation source.

7. A device as recited in Claim 1, wherein the display comprises a display for
displaying measurement readings based on the modulated output signals.

8. A device as recited in Claim 1, further comprising an optical longpass filter
positioned in front of the at least one detector of the second channel for separating a
fluorescence emission intensity from scattered intensities of the at least one radiation
source of the first channel and for reducing stray light.

9. A device as recited in Claim 1, wherein the principle ray of the first
radiation source and the principle ray of the second radiation source each extend
through the axis onto a central region of the first detector.

10. A device as recited in Claim 1, wherein the first and second radiation
sources each comprise a light emitting diode.

11. A device as recited in Claim 1, wherein the at least one translucent wall
defining the sample chamber comprises at least one optically refractive wall and
wherein the at least one optically refractive wall has a refractive power adapted to

focus said modulated beam of radiation emitted from said first radiation source and
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sources each conprise a light emtting diode. 11. A device as recited in
Claiml, wherein the at | east one translucent wall defining the sanple
chanber conprises at | east one optically refractive wall and wherein the at
| east one optically refractive wall has a refractive power h4ajARd0®p focus
sai d nodul ated beam of radiation emtted fromsaid first radiation source
and 24 2 4aiikdda0Hd beaai of mbidtibmtailtield dmm sid serdhdtddiaioarsotitce dnforsaid sai d
second ra |at|on source onto said first detector. 12. A device as recited
in O ai m HHStO§FORer comprising a vial defining therein the sanple chanber
and a recess f t1h &nlgﬁn | ¢

recited in d a?% ﬁm\g\cﬁg{sg?‘{l\ﬁtﬁﬁ%q sltlaﬁ{églbg% s‘ﬁéfiwail f‘@]éjgléfr?p e, the
sanpl e chherkample shamberraediabgcess ﬂnorﬂ]llmvtabkylrbmmngthekmntheeshall sanple to flow

t her et hr ough, e field sa entratiqn of an inpuri and the
controller 15 1huAdrdieas St Tt ddnn e e SUBHOSH ErapTe adield o
inpurity. séﬁpleﬁh@@é&hﬁl@ cAmb &GS HEhedbyd Rndil allOWiRE Bheid18 Sarflp RS AYwCONPr i Ses
a display for generating a human readabl e neasurement reading. 15. A device

as reci tedlarﬂ:thl@ugh rthd fieldisamplerhas Iae:ommitrhmremf dnaspuofy, ane thieicoatrollerasli at i on
source is ul at ed at & ft? ilbe Ia.i on &lre uency and the nodul ated beam
of the se rpggpté 8@% F & GonceRatipn PEhe WPUNYa c ond rodul at i on frequency

different thanjiighe ddvicetas#EHel 4 COAm T, QheRNFthe disPlayRofifpHséSa dsplagci ted in
d aim 15, wherein the nodul ated beam of the third radiation source is

nmodul at ed fertgeaenating elhumdmr@ﬂaldnnfqasqemcm;reaﬂuﬁg‘ erent than the first

m)dulationfre ency and the dlatl nfr 1 evi ce as
focited in O ailth &St asaried ity Wi e ne iR b fime rdly o
reference rz[&f@eﬁiﬁ%@ﬁﬁ@%mbéﬁl@téd APY firgd nRJd'dIa@ibh éq@dncy dhd frRMBeodulsted BEpCe
sanpl es, each reference sanple having a different concentration of an

i mpuri ty, ofithe sepandandiatioresasioest is quelatqdcatrprsemd ngodudpitondiequencyor (i)

automati c at ed output signal fromthe first detector
to at Ieagftjf% ‘ﬁg?n%atéﬁ?gsftqoﬁgl%lpﬁ SAYYY- of reference neasurenents to

determ ne a congent devidedR r&ditedin CTHMA 15, Whirid the moduReddebram Gibe third)
generating an output signal indicative of the concentration of the inpurity

in the sulbdiatinnesourcs is modelgiedat # 6nrdanaqlqlztimvgfr¢calénwﬂlffﬁeah@ml heifoat and

scatterin ongat ed eI ongat ed sanpl e defines an
axi s, the%b(’g\'?‘}aggn?rgﬂ% cgiaﬁgthe%n??n%sqlm@uﬁ%{hoﬁl cynl ng a first neridional
pl ane having the axXdeiedseedieddn Claim 1, further comprising:

data including a plurality of reference measurements based upon a plurality of
different reference samples, each reference sample having a different concentration of
an impurity, and

wherein the controller comprises a controller for (i) automatically comparing
the modulated output signal from the first detector to at least a portion of the plurality
of reference measurements to determine a concentration of an impurity in the
substance and (ii) generating an output signal indicative of the concentration of the
impurity in the substance.

18. A device for analyzing radiant transmission and scattering of an elongated
sample, wherein the elongated sample defines an axis, the device comprising:

a first channel defining a first meridional plane having the axis extending
therethrough and including thereon at least one radiation source mounted adjacent to
the sample, the at least one radiation source incuding a first radiaion source for
emitting a first beam of radiation through the sample and a second radiation source for
emitting a second beam of radiation through the sample, the first radiation source and

the second radiation source being axially spaced relative to each other, and at least
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t her et hrough and including thereon at | east one radiati on source nounted
adj acent to the sanple, the at |east one radiation source incuding a first
radi ai on source for enmtting a first beamof radiation thr2ugMARhRI082NP! €
and a second radiation source for emtting a second beam of radiation

t hrough the sanple, the first radiation source and the second radiation
sour ce beiong smbxaddgylaslpapmédrabd;wttthe/ms of thasdmple helativeaodhafirst eaiidtiodd 2 4 MAR
2006 one senso ul arl aced about fhe ax of the sanple relative to
the first SPYA? M@@? b%a@rgtdmng#%mt%&ymﬁr@w%| i ndi cative
of the i mnﬁﬁﬁgfn% tﬁére&?‘%@&t'l%t oﬁé‘%h@ﬁﬁlﬂu&@?ﬁ &P serlsBF fldelcBigg One sensor
including a first sensor for detecting at1on 1 npinging thereon, the
first radiratiaton i mmrrgmg thereony, tho irst rai@bnsoutch dting popitioned gl thataay emitti ng

t her ef rom subst anti al | asses onto f. first sens t he second . radiation
sour e bePREClsany parite Bt Sbsfmlinly pastsSionls BRitoRorEr oRpeh
subst ant i gddiniRABaR? b@iﬁfgcbokllﬁ%néd §03&1at3£15}§i&'ip1e ?d}%nﬁttﬁfgﬁtﬁé}‘éfrﬁﬁanne' defining a
second neri dional plane having the axi's extend er et hrough and

i ncl udi ng Stlbmmg}iyaassemoﬂmﬁstrndstmm sour ce rmunt ed adjacent to the
sanpl e, the at Ieast 3 ation source. of cond.channel including a

third radiatiof S B8 AT Ffﬁ"}d@nﬁ ﬁlll% aving theaxis, through the

sanpl e, aRgteAdink @l?e?éthﬂﬁ@h %ﬁ‘&%ﬁdﬁ%\ﬁ@ﬂeo@ﬂﬂ@ﬁs@bhéhaﬁ%ﬁ@o@@@%Houhfé@ axi s of
the sanple relative tothe third radiation source for generating a second

out put si gdacerit taithesample, thefat {east qmﬁwgiqnysoarcewémmﬂepmd ¢h¢pilfﬁg| ng thereon.

19. A devi. ce i.n, the f 1 iati,gn source and
the secontrivdiie A SdigliP s @tEr fmithigaBith oo of it AslardBe " bos: 11 aned
so that asarﬁf)le”ﬁicpit%a"sﬁdnees@bdﬂd Rfsdr ARE AN P§PassPBoatiteaixisyo MRS @14 hr ough the
axi s of the sarrple and onto the first sensor. 20. A device as recited in

d ai m 18, relatyedtorihe thirdfradigtionsatireerfor generatiing aiseepndpwitput signalrindisativect ed from
the group incl.udin red Q0 orange, blue and near infrared

i ght em ttfp}? %P%g'egr aﬂlon Wpd IP%Lheéeonr ecited in Claim18, wherein the
first and second, ahgeVi® 45 radied iR ClimaAlS, WheRar®d fi RadixticipdoRates ahl'thepart . 22.
A device as recited in Oaim18, further conprising a third channel

dﬁfl ni ng &eqondrediation W@clpmah@ewllgm@mglngmlmsxtmechm thabhd | nlcl udi Eg
bt 1 cast - arecipiiy BGHhE RO sp Y PR TR By dfnd BP0 T

radi ati on aa@dhahé €fst e¢hsbt.i Ng a fourth beam of radiation through the
sanple, and at | east one third sensor ularly spaced . about. the axis of

the sanpl e rel 20i vedevice asaeditedrin El%@d]igaw (g fiest and thighradialionng a

sources are selected from the group including green, red, yellow, orange, blue and

nearinfrared light emitting diodes.

21. A device as recited in Claim 18, wherein the first and second channels are
angularly spaced approximately 45° apart.

22. A device as recited in Claim 18, further comprising a third channel
defining a third meridional plane extending through the axis and including thereon at
least one radiation source mounted adjacent to the sample, the at least one radiation
source of the third channel including a fourth radiation source for emitting a fourth
beam of radiation through the sample, and at least one third sensor angularly spaced
about the axis of the sample relative to the fourth radiation source for generating a
third output signal indicative of the intensity of radiation impinging thereon.

23. A device as recited in Claim 18, wherein the second and third channels

are angularly spaced approximately 45° apart and the first and third channels are

angularly spaced approximately 90° apart.
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third output signal indicative of the intensity of radiation inpinging
thereon. 23. A device as recited in CQaiml$S, wherein the second and third
channels are angul arly spaced approximately 45 apart and2thMAR 260§ and
third channels are angularly spaced approximately 90' apart. 26 2 4 MAR
2006 24. A device as recited in aim22, further conprising a fourth
channel def i ni2dg Aaddvaeerashresitediinl Chanml 22p Father eothpnisingg faunbhahgndl he axi s and

i ncluding thereaon. a | east .one radiati sour.ce mount.e dj acent to the
sarple. ¢ HENTER dath mrBdphe s tendia oteh et o e AR B 411 Lai ng a
fifth radigki 6t ra@ibfieesdupée @Binited Ajacknt fofth&sanifiatheht leadoaé F4amtioRr ough the
sanple, and at |east one fourth sensor angul arly spaced about the axis of

t he sanpl souree af the dourth ¢hsangliinelpding aifidth radiatéerusopecesfor emiiting afifthg a fourth
out put signal i.ndi.cati f .the intensi.t f radi,ation inpinging thereon.

25 " dov PER" oL PR el Bimelt, SR s find REFF e 2P B BBsP e hanne
are  angulaBéitthéDas 6fitha pnpiéirsmtied 6 tRe fifih adiidtion sdfirce Ao efafingg recited in
Claim18, wherein the axis lies within the first neridional plane. 27. A

devi ce as fowth ewputisignal mdirates ofihe isensity péragiation impinginga therisonhe second
mer i di onal plang. (%(?evié HGYLE] éﬁ%%&?g%p@:ﬂeﬂeﬂ-nat%?i'\;\ﬂ]a%igfoirﬂ{% S FEPr1 Sing a

transl ucent cel recervin e: ereéin ransli’ucent cell

defines anngmbdilgsacyd iprodbiatel22.6¢ gyapnt adapted to focusing the first beam
of radiati o%ﬂonﬁfﬁhe filrgj'cst det e%t or. 29. A device as recited in C aim 28,

wherein the fi 26t A devicetdsaecitedum Edaimcl@aphersasthe akisdies within the firgir emitting a
cone of | iéx?eht .anij ‘the translucent cell defines the only refractory el enent
di sposed 51%0”51 Paﬁﬁt path between the first radiation source and the

first sensor. 38. A& Heedtedif CldiRRG, Whetes e 4Ris 1fed WWifhe the@BdVndSi ng:  a
controller coupled to the first sensor; and a display for converting an

out put of mdrislienshplené.l er into a hunman readable form 31. A device as recited

in Caim 28, reji n.the first .radi.atj urce .COMPris a light emtting
dode. 8o ag) cuteitas bl if CHB I H AR S FrS TR S hefy kP Br, Toni cs
for acti vedeivifig #RGAmPle; hitEwhéreinge Famhiter QdlaRsinedar bjRichily Bdfradfiee second

out put signals enerated thereby. 33. A device as recited in Caim 18,
wher ei n t ietemgnt p torfecusingghe fitpt beane of fadiption on the first detector.

29. A device as recited in Claim 28, wherein the first radiation source
comprises a light source for emitting a cone of light and the translucent cell defines
the only refractory element disposed along a light path between the first radiation
source and the first sensor.

30. A device as recited in Claim 29, further comprising:

a controller coupled to the first sensor; and

a display for converting an output of the controller into a human readable
form.

31. A device as recited in Claim 28, wherein the first radiation source
comprises a light emitting diode.

32. A device as recited in Claim 18 further comprising electronics for
activating each of the channels and processing the first and second output signals
generated thereby.

33. A device as recited in Claim 18, wherein the at least one sensor of the first
channel further detects radiation that is emitted from the at least one radiation source

of the second channel and scattered through the sample.
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channel further detects radiation that is emtted fromthe at |east one

radi ati on source of the second channel and scattered through the sanple. 27
2 4 MAR 2006 34. A device as recited in Caim28, wherein the transl ucent
cell is a conduit for receiving the sanple therethrough. 35. ﬁm%g‘ﬁas
recited in Claim28, further conprising a beamsplitter posi front

of the first radi atdeviteasuédited iroClaikn28¢wherginathp Gahdl@denpéell 8@ cohdit beam of
radi ati on and faor indicating an output power of the first radiation source
to t her ebyor TREAYING thepgample therethrogght he first radiati on source. 36. A device

as recited in ai ek MlHieS} ki f . tively

associ ated w tgs't ﬁ?é&elégiéﬁg%%eggﬂggffug@ef%ﬂ%ﬁlgé@{%}]g@ﬁ&?or boosti ng
the firspositioyadtin fioghaf theffirst madiation seask famndiresting @ poriontdfi¢hd firssheaehannel .
37. A devicge as recited in Claim?28, furth onprjsjing an oscill ator

oper at i veF’;raé??éIBEiaﬁgt‘H lﬂﬁlh{’ﬁmcgr?é‘ quitf?‘gPOWStro‘?f;{’? §F§t sligtion sprce (i HTeRYi ng t he
first beamdiitor pdrforiah& of tRUNiAL IRAMRAYGEEe 2t @ first nodul ated frequency.
38. A device as recited in Claim 28, furt%er conprising a reagent contained
wi thin the tradél Acdaviceaeslr¢citedin Qlawin2, fuirthiar ¢cdneprsamgodrearaplifierr eat i ng

particles which. scatter, t.he light. 39. A deyjce as,recited in.C aim 28,
ot her o GHPAIMGTy 3FSa 88 gufting of st 0 effof i (e i chpaid ol donetngdfe 1 or
m xi ng Wi st lligub ABRA1f Aecht $6a8AdHeNBndor UPIHRIFRMhENNe] 40. A device as recited
in Caim28, further conprising a reagent contained within the translucent

cel | for m xi ng7wiAt devidears senitstl en Ghadm8efirthaycaamprismg awdscilkbaor pt i on band
whi ch reduces,.a.transm SSi.\i of the.material. 41.. A devi.ce.as recited in
Gt m 2. OpeTAE Pty ABRAER Stify b 5% i e S mod e B8 AT D8RR ST L he 11 1
radi at i on tigofrsCRdANEN Edursd atsaeﬁfgghodtﬂﬂédMQﬁ&ky’l_ the translucent cell

includes an electrical circuit nounted théreon and operatively associ ated
wi th the contr 8Bl érdevisems aeaitgd in Glaim 2@t fusthsr ¢apnprissng 4 reagemdicontaimgd t he r adi ant

transm ssion.and . scatteri of .the s le. 42 device as.regi.t.ed in claim
26, wher oML kT EE blPred ik B e Sempfe grd SRRERARRISTUEL o' for

seal i ng t ReatepiellightM thin the cell. 43. A device for optically neasuring
qualities of a substance in _anbient |ight conprising: first nmeans defining
a sanpl e chanbéP. Aotevicedsiredited in Flaimi28, fusheseamprifinga reggeri sondledr ed and
def i ni N0 QRS trafsilbdr belP RAMIEIng IRl b Wi ddehed il lloRaknc! ane and

i ncl udi ng

40. A device as recited in Claim 28, further comprising a reagent contained
within the translucent cell for mixing with the sample and creating an optical
absorption band which reduces a transmissivity of the material.

41. A device as recited in Claim 28, further comprising a controller
operatively coupled to the first radiation source and first sensor, and wherein the
translucent cell includes an electrical circuit mounted thereon and operatively
associated with the controller to provide instructions for use in analyzing the radiant
transmission and scattering of the sample.

42. A device as recited in claim 28, wherein the translucent cell includes a cap
attachable thereto for sealing the sample within the cell.

43. A device for optically measuring qualities of a substance in ambient light
comprising:

first means defining a sample chamber for receiving therein the substance to
be measured and defining an axis;

a first channel defining a first meridional plane and including thereon:
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28 2 4 MAR 2006 second neans nounted adjacent to the sanple chanber for
emtting a nodul ated beam of radiation distinguishable fromthe anbi ent

| i ght based on said nodulation; third means nounted adj ace ?' h tﬂ]ﬁ sanpl e
chanmber for emtting a nodul ated beam of radiation disti ngﬁ S KBI Brom t he
anbient light and the nodul ated beam of the second neans based on said
modul ati on, the seceemdndweaass manuvted adjacdnt taithmsamplelshamberafor emittingpaced
relative to ot hers and fourth. ns. angul ar,l. paced about. . the axis of
the sanpl @ogﬁgaﬁ%eqem%%@fl{;@ ‘?18 lqg?ésq‘ggl?%?&l &giﬂ?l‘%’gi‘gﬁé@éf@%&”@he nodul at ed
beam of ragjdatdtien; of the second neans after passage through the sanple

chanber and substance to be neasured therein, and for %ener_a'_ti ng a
nodul at ed out put si @Hed meansireeuntedoadjdcente the sample chamber foraamitiinigan i npi ngi ng

t her eon, ereln . the f . 1S I ncl udes first .detector for detecting
radi ati on%‘idgﬁgatesde%eaﬁ]ao %‘g{%{go?”g%%lﬁa@ﬁg@n%ﬁwt%e% h&ﬁf?‘@itﬁ? eray emtting
t her ef r omniddaftciBcand dfth® 8RS mRBkshas&Por $didodelafiéh,Ahe sBAd irfegnd hi rd means
is positioned so that a principle ray emtti ng t herefrom substantially

@

passes ontsd thedhird means bringatielly spacesuielstivie theashefhegetidni ng a second

sanpl ¢ chanber Tor ST THEsaelall ittt AR I SR IS roans
angul ar | y relpieard tedsedbnd Mearfosredéiving@hsmanhlatca e radigicldfee to the fifth
means for recgi Vi nggéphe nndulrbgtléegcli]daeam olf ﬁé&tignﬂg‘éﬁéh? l;eifth means
af t er pas$Secp8dmpaBLFREIPREsase e @ PAIRRIC § 98¢ & 1P nmeasur ed

t herein, r.ati { i J dndi catiye of the

i nt ensi ty?%kgsﬁrgggﬂgﬁﬁoaﬁﬁif%eﬁaﬁﬁgg IF %ﬁeo(r%@g%a %#f%@gﬁkglc%%en@ft%%upl ed to the
second andntémuyl i ]Edﬁriiﬁﬁh ?ﬁliﬁ@ﬁngﬁ@g thebhghdréia thsufhnemmaiighales a fitwcessi ng t he
out put signal of the fourth nmeans. 44. A device as recited in Cl aim43,

wher ei n t etestor Endetestingradiatign, the segond megesis pesitigned 5@ theha rrncipde Fa¥cit ed i n
Claim44, wh i I akl i i AN i and an
osei 11 at o AaE ek hfin oAl AR Gffo 1R Ry defitlor, Ul WL HGSs 20701
the first pdsitienddso that agprineipdé cay@niifling therefan substantillg pussecoms theefirist ed i n

Cl aim 43, wherein the seventh nmeans is a mcroprocessor and nenory

operati veldﬁteE'@ﬁnect ed to the second and fourth neans.

a second channel defining a second meridional plane and including thereon:

fifth means mounted adjacent to the sample chamber for emitting a
modulated beam of radiation; and
sixth means angularly spaced about the axis of the sample chamber
relative to the fifth means for receiving the modulated beam of radiation of the fifth
means after passage through the sample chamber and substance to be measured
therein, and for generating a modulated output signal indicative of the intensity of
radiation impinging thereon; and
seventh means coupled to the second and fourth means for activating the
second means and processing the output signal of the fourth means.
44. A device as recited in Claim 43, wherein the second means is a radiation
source.
45. A device as recited in Claim 44, wherein the radiation source is a light
emitting diode and an oscillator connected thereto.
46. A device as recited in Claim 43, wherein the first detector is a
photovoltaic sensor.
47. A device as recited in Claim 43, wherein the seventh means is a

microprocessor and memory operatively connected to the second and fourth means.
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29 2 4 MAR 2006 48. A method for optically neasuring qualities of a
substance in anbient light conprising the steps of: providing a sanple
chanber defining an axis for receiving therein the substance,to Bg
measured; providing a first channel defining a first neridi ondut M nd08nd
including thereon at |east two radiation sources nounted adjacent to the
sanpl e chanber 48nA matholl €erSdptiesley Meistfihg quanis bhs bibstdas aflarabientilighpe axi s of
the sanple relative to the first radiation source for generating a first
out put si GAEPrsiRAtheAtepsOfof the intensity of radiation inpinging thereon,
the at least t - adl gt 0 | [ L .atLon source and a
second radi ati ggo‘é%gk gtg?ﬂ?ﬁzﬂ% B%Zdécg}@ ﬁ4§ne aggstfga{égéﬁinﬁctflgrginﬁ%ba first

det ect or, stitwtanke tsbe mesbusgl;ond radi ati on sources being axially spaced
relative to each gther, the first radiation source being pqgsitioned so that
a principle rapProdhngaifisg @Mﬁ?%&ﬁﬁwmmmyplﬁ%%meﬁ@@gfi r st

det ector, hat:l | £ (| S principle
ray em ttiﬂ%&% e(rféé21 ggﬁ'ﬁ?ﬂ%&?ﬁ%‘?a Ilhgl/&ﬁl[t)‘{g‘isd se%tﬁta (gﬁét %gr%??rs 14(}ieltgﬂé(gt or;

em tting rblastane deteetarrangullarlyespiaeddi about the axik bétHeisampleasthitise aothd r adi ati on

sour ces, ?_ach f.the first and second radiatiaon %ources ej ng nodul ated at a
di f ferent ﬁéaﬁétwom,fomwwasé, Irsfi QWA SignalHagicaive f the WENSHi ent | i ght
and each . i L Qn. i i : nnel

ot ning & eich etk (elotn REW 1Bkt A ot b e e B0 e

radi at i on rabationesonmenhéd sechndaadiatidrosouive, thampleast onb deteetor arthdidg 4 east one

det ect or ul arl y- ced about the axis of the sanple chapber relative to
the at | cdBit dsieioffff g_f%t aw? 350Rd rdigtiop jeurgeshsing %’Hg&@a?e‘r@g‘i‘@?%g the
modul at ed dapdtherd el i diafoh rddWRidd fsliihed SE 1l a Blihaple Bgssage t hrough

t he sanpl e chanber and substance to be neasure el n, enerating a

nodul at ed eouttipg thesefgomalsubstatitialy passesodnto fiest deteetos ithe/sesbnd tediatioadi ati on of the
nodul at ed beans .i npi ngi ng, on, the first detector; tivating. a controller
The T ir ot SPUGF BrnBROSHORGOdH Anncinie wy putagdisraton soedtally the modul at ed
out put si gagks oRBPHiRYaLEAS; 2 display for providing nmeasurenent readings
based on the nodulated output signal. 49. A nmethod according to O aim 48,

wher ei n any angmittieg faiutated beamsof cadhationdidny theafirstaridrsecoraioradiation by storing a
data poi ntsogr%gs?gaclﬁpo%qhg ﬁrcs?!nll Sre%;[)lll rnad}Ia\llltiJEnrl1 soﬂarcéaslgelengmgggl{latgg rZH)?ll €.

different frequency and, therefore, distinguishable from the ambient light and each

other based on said modulation;

providing a second channel defining a second meridional plane and
including thereon at least one radiation source mounted adjacent to the sample
chamber and at least one detector angularly-spaced about the axis of the sample
chamber relative to the at least one radiation source of the second channel,

receiving the modulated beams of radiation by the first detector after
passage through the sample chamber and substance to be measured therein;

generating a modulated output signal indicative of the intensity of the
radiation of the modulated beams impinging on the first detector;

activating by a controller the first radiation source and the first detector;

processing the modulated output signal; and

providing a display for providing measurement readings based on the
modulated output signal.

49. A method according to Claim 48, wherein any angle effects are
automatically taken into account by storing a data point based upon a calibration with

a pure water sample.
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30 2 4 MAR 2006 50. A nethod according to Caim49, further conprising the
step of danpening any signal at the frequency of anmbient l[ight. 51. A
device as recited in Caim18, further conprising: (a) a ho;fi nﬂéﬁe}@ai ng a
recess for receiving a sanple chanber that has at |east on #e y dis
adapted to receive the sanple; and (b) at | east one processor to conmunicate
with the at | east Aaneho®saoyding 2Clafn deVuftBera®nipeisinigae step 6f ai m 51, wherein
the first radiation source is a light emtting diode. 53. A device as
recited i Aampeing any sighabpldhe fregueney pEambigpidighti s a phot ovol taic  detector.
54. A device agyregcq ' [ Ug 1 g@mg' I ng: at |east one
oscillator wt }'ngt egi%%gggﬁcr%@gn ié]%:I)npl)el?’at [ vgllrc)? on%dgt ed to the first

radi ati on sour (@; aadoasippiefiningh tecedstftr recéitmg hcamiplegchamberthavhasat t he at

| east one_ oscill ator. 5&. device as recited in,Caimb54, further

conpri si nifa&4Ang emHRIY @n ﬁa?ﬁﬁ%ﬁedt‘hﬁﬂe%g]@éﬁﬁlp 2Pl sanpl e chanber further

I ncl udes a basg,havi | G : at | east
one menory. 56.&))A dgﬂ\}ig%%ogésb&tggélg?@g cF){r%inrl é%ﬁ%h&%}%#ﬁ&ﬁ%&ggﬁﬁl e chanber
conprises a r&hohakevicenangited ah@ladmiS 1§ wheremahe firsh adidtimnesbarca isanpl e of the
subst ance_.and havin at | east one nenory; and wherein the seventh neans is
in communfl %Hlnﬁicﬁ‘l’fiet he at |east one menory. 57. A device as recited in
Cl ai m 56, wher eq4 nathe;ki : rd : ' : | as recited
oG A m 56, wher A ke Fel R ANCIER Y, MaGsintnd iRt sonsals LHHORbRECT e and
t he firstdelettect or conprises a photovoltaic detector. 59. A device as

recited in Cai.m56, wherein the at | east one nenpor conprises random
access nenory éﬁdir@é{ﬁ’e&ﬁf?ltﬁ‘ém)?@?mégz ﬁ'_ﬂhare‘iﬂ"@gls ‘recited in C ai m 586,
wherei n the seyEpid oHESRAAGWHIIA e KousHzGh@BpAGEPEP EorfRbted 16 Bel War e

program 61. An instrunment for analyzing color and Scattering of a sanple,
wherei n first rasbatpnesodretj avds an axis, the instrunment conprising: first neans

f defini first i di | pl nd i pcl udi t her. d
for em tting a®RakR e Viindhs borbirgdty GPbas e A eRtu ShEREncy . the " second
means nount ed 8¢lj ACRRcetaS récited FACRIR ShORur®Bl ddnhHirAlash gfantiRgli ati on

through the sanple, third neans for emtting a beam of radiation nodul ated
at a and wherein said sample chamber further includes a base having a printed circuit

board that supports the at least one memory.

56. A device as recited in Claim 43, wherein the sample chamber comprises a
removable sample chamber for receiving therein a sample of the substance and having
at least one memory; and

wherein the seventh means is in communication with the at least one memory.

57. A device as recited in Claim 56, wherein the first means comprises a vial.

58. A device as recited in Claim 56, wherein the second means comprises a
light emitting diode and the first detector comprises a photovoltaic detector.

59. A device as recited in Claim 56, wherein the at least one memory
comprises random access memory and read only memory.

60. A device as recited in Claim 56, wherein the seventh means comprises a
microprocessor and a software program.

61. An instrument for analyzing color and scattering of a sample, wherein
the sample defines an axis, the instrument comprising:

first means for defining a first meridional plane and including thereon
second means for emitting a beam of radiation modulated at a first frequency, the
second means mounted adjacent to the sample for emitting said beam of radiation

through the sample, third means for emitting a beam of radiation modulated at a
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31 2 4 MAR 2006 second frequency that is different than the first frequency,
the third nmeans nounted adjacent to the sanple for emtting said beam of
radi ati on through the sanple, the second neans and the third neans being
axially spaced relative to each other, and fourth neans for $en#ARo2006
angul arly spaced about the axis of the sanple relative to the second neans
and i ncl udesopddredeémeyitidt i§ differshnthanthe fadi fitquency, thdhird &tgans nmeans bei ng
positioned so that a principle ray emtti gg; herefrom substantially passes

onto the deudtadpdjacentdo thg sampletos smutiing gaid Heam jobrasiption thieagh the principl e ray
emtting f [ : urth neans
generati ntggrglf’%i {rhg{% %&tﬁ ?)IEI?AH% ?lgdng% ﬂ??fg?lg%%S%L&o%%.lﬁéﬁ)?ﬁde&ﬁgﬁéR)of radi ati on

i mpi ngi ng eatteothem and foutth nmeasn forfsemsingedrignlanly spaced about theaxisbbthel pl ane and
including thereon. sixth neans for emttin beam of radiatjon, the sixth
means muﬁﬁr@afea{aﬁaa&%mth? aecomgleé%ﬁdén?laﬁimg ﬁfdﬁem@ forsepsipg EAdiasiony adi at i on

t hrough t s r%eﬁ(g : F O spaced about
the axis g%the sglﬁ%lﬁgﬁ} at ?f\?liele(% g@t ggaﬁﬁcglﬁgﬁgéa}%é orlegzllr?}ehr ating a second
out put si gnbstaritiatly passes/ento thet detector] the shitd/medns bear misitmned spthaga ng t her eon;
and eighth neans for activating the first and fifth neans.and processing
said out mcwfegrﬁaﬁgntag&&}ea?i’é%g f%ﬁ@ﬂyﬁy Bses o delpgt fogehy ecited in

d aim 61, i - coy S eci t
ai m O1. RS kbl ANInTRARS! ARIhiA ne HiESRFEPARIARA S xth means

si mul t aneousl y~an Ignals generate t hereby are
di sti ngui smabigmg tB&eon;

fifth means for defining a second meridional plane and including thereon
sixth means for emitting a beam of radiation, the sixth means mounted adjacent to
the sample for emitting said beam of radiation through the sample, and seventh
means for sensing angularly spaced about the axis of the sample relative to the
sixth means for generating a second output signal indicative of the intensity of
radiation impinging thereon; and

eighth means for activating the first and fifth means and processing said
output signals generated thereby.

62. An instrument as recited in Claim 61, wherein the eighth means activates
the second and sixth means simultaneously and corresponding signals generated
thereby are distinguishable.
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