METHOD OF QUANTI FYI NG UV DI SI NFECTI NG DOSES USI NG | NDI CATORS 5 FI ELD
OF THE | NVENTI ON The present invention relates to the field of
sterilization and, nore specifically, disinfecting an Ophthal mc Lens
usi ng one or nore programed UV disinfecting doses. 10 BACKGROUND OF
THE | NVENTI ON Currently, the disinfection of an ophthalmc |ens
includes a variety of liquid chemcals that in sone cases can react
with particle buildup and m crobial organisnms to achieve
sterilization. However, in many cases the use of these chem cal
solutions may 15not achj eve thggsterilization and additionally remain

in the ophthal mc | ens METHGQR: éQUﬁP@EP¥REEE@@PHQN§§€TH$ﬁe
interacti on may have sone advePSSEefYIRYGINREATQ@RS f or exanpl e, cause

di sconfoft or burning, affect the tear filmchenistry bal ance, etc.
Consequently, it is desired that new inproved sterilization nethods
and apparatus are devel oped t h&ECR®OIOVEEINNVENSIION ef f ect s and

limtations, to [fill long. felt 20ster.]| i.on needs in the.field
of ophthalnic | ei@%%r.%%bﬁ‘\'ﬁ%\?négat?ﬁ% *‘Wﬁhﬂzfaéﬁnﬂzatmn a?ifén?)rfe &%ﬁécaﬁy’
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ultraviolet (UV) irradiation doses. Mre specifically, where the dose
can be Masured 25w thin container or vessel used in the

i mpl ementation of UV sterilgzakidipuh® SPFERSPaalfiRf the present

i nvention, the devel opment of a neasuring nethod
Currently, the disinfection of an ophthalmic lens includes a variety of liquid

chemicals that in some cases can react with particle buildup and microbial organisms to
achieve sterilization. However, in many cases the use of these chemical solutions may
[5  not achieve the sterilization and additionally remain in the ophthalmic lens to interact
with the user’s eye. The interaction may have some adverse effects, such as for example,
cause discomfort or burning, affect the tear film chemistry balance, etc.
Consequently, it is desired that new improved sterilization methods and apparatus
are developed that can overcome side effects and limitations, to fulfill long felt

20  sterilization needs in the field of ophthalmic lenses.

SUMMARY OF THE INVENTION
The present invention relates to a method to obtain a quantitative measurement of
ultraviolet (UV) irradiation doses. More specifically, where the dose can be measured
25  within container or vessel used in the implementation of UV sterilization.
In some aspects of the present invention, the development of a measuring method
based on the degradation of various chromophores/fluorophores that can be used as a
quantitative method to elucidate the UV dose within a liquid or as a qualitative visual

color-changing chemical indicator of UV sterilization is described.
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based on the degradation of various chronophores/fl uorophores that
can be used as a quantitative nethod to elucidate the UV dose within
aliquid or as a qualitative visual color-changing chem cal indicator
of UV sterilization is described. 30 BRI EF DESCRI PTI ON OF THE

DRAW NGS The acconpanyi ng draw ngs, which are incorporated in
and constitute a part of this specification, illustrate enbodi nents
of the present invention %‘MEF%@(#I?TIO’WUFTI@E WIN@‘TSI on, serve to
expl ain the objects, advantages and principles of the invention. 5
Fig. 1 exenpl ary Therwempehying depengewhick apancarportsd pearfdgomstiute a part of

depicting A.). The.loss | uor escenc x./em 490/ 520nm), of. varji qus
concent rat 1 SHE BEi Rt St BB FRR e SRt e PR i ot i e
254nm WV | i diaderipBon, séive td Exldie Beibfectiegivagiabésond pHnvigRs 60lhe apeatidn

t he same curve when raw fl uorescence Is converted to a percentage of
the 10stdrting fluorescence value. Fig. 2 exenplary chenical
Structures of ch I : i :

oxepl Ay curve OB R e T KOS SRR aeaperiments pirfrmid Bifeing 4.) The
The | oss of ledsbfibansenar(et/amwr88tSetme) ¢fnmenss dopcénttpiOofifipordscein upon

doses of 2sda v rgnEae ARl e RRh, o PRl b oot At e

absorbance @bll@x€id Bt khfe anve FRbBSIWONMuONRYE]ce MOt ertddao 3bRYnta g ofBE N
dye in parenthesis. Each curve represents three independent

exper i mBAt s staging flygresgence yaldpt i t ati on range for each dye. Fig.
4 are exenplary 153l G Kirbnti@S & R AR dsGRd YEHBRA¥s.
wrapped to parti g%ny %ﬁg@ﬁwuv fb?célms A.) The OUVI%?t rsans'#l ss?onr %f t he
mat eri al (s) of e&igh3groegemplar? Ourve repadseming. inddpeiglenDeRpeditments dipibiing A1)

of WV transm,ssion.and.the coyresponding loss aof. sterilization of
Escheri chi a 89 PEEGOPapeE T SIS RS MgP a0 Eopc O B Cehifphass d 3.5
al bi cans ( Dnjg/mLHRiotdtdh updr RARAOGEwith keaeh dgded uP2 14mab) Wikt 400
mMs/cn2 for the bacteria (B, C ) and 250 mWs/cnR for C. albicans
(D.) as lheadaicetasirlithestgne valytt hht 2hsprbens QVXHiAlge andggisgign ggagengths
within the qankgRgs:r B dfenGPilalRs PEadN@rAGap R0 BRcYhdbEdeh- 0Si N
25 B (white bars) and the nunber of viable organisns renaining after

i rradi at i on ewessinehatse rBy) W&¥dlogb eankitdtian sjnge Mpricaelr dyr bars represent

standard error. . Fig. A e e I A I
B rthosin B and Filh g eme ol HOIR ol Byeft AIARAL Hrapped 1o
the 12 | og oueialy blockUsr lighitz at ) The 00 $6 tratmmiistsn éfithemaentlie Dif 8dchigpsup of

vari ous bi ol ogi cal jndigators. and n pat hogens. .
28\/ containers. % C,D. emhﬂs)ltlon of B trans assfg)n nd a'le corresponding loss of

sterilization of Escherichia coli (B.), Staphylococcus aureus (C.) and Candida albicans
(D.). The total irradiance of each group (n=6) was 100 mW+s/cm” for the bacteria (B,C.)
and 250 mW#s/cm? for C. albicans (D.) as measured by the power output of the UV
bulbs. The UV dose within the container was calculated by the degradation of Erythrosin
25 B (white bars) and the number of viable organisms remaining after irradiation was
determined (black bars). All error bars represent standard error.
Fig. 5(A) are exemplary visual changes of Eyrthosin B and Indigo Carmine after
exposure to 254nm UV light and the 12 log overkill sterilization dose (number in
parenthesis) for various UV biological indicators and human pathogens.

30 Fig 5(B) is a schematic representation of Fig 5(A).



30Fig 5(B) is a schematic representation of Fig 5(A). Fi g.
6A- 6K are charts depicting the effects of exenplary doses of W/

radi ation and their respective effects as tested. Fig 6(A
shows the Fluorescein fluorescence standard curve (ex/em
490nnl520nm) . 5Fig 6(B) shows the Allura Red UV/Vis absorbance
spectra. Fig 6(C) shows the Allura Red absorbance standard curve. Fig

6(D) shows the |pdi rm ne Ni s abhsorbance spectra. Fi E). ..
ahows "t he. I nd gor Gl iR BB ihiinE PR RHENSSErRRTert s pEy Vomdipor
t he Eryt hr oghdithBir bbépdbtivc alfsas hewaed.spectra. 10Fig 6(G shows the
Erythrosin B absorbance standard curve. Fig 6(H) shows the Tartrazine
UV/ Vi s absor bancEiggsée shows the Blugrepgeinsflgniescenss seadad £91v6ée488or bance
standard CupyGm/Edehnd(J) shows the Fast Green UV/Vis absorbance
spectra. Fig 6(K) shows the Fast G een absorbance standard curve. 15
DETAI LEDS DESCRI PRig@(BDFhowsEher¥iRE RRED EVBCIIs(MBAS sPertrapr esent

i nvention provi dgs a h of, quant, f yi ifferent doses of WV
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errb]?di rregts Sf ltEig é(Dygstﬁmﬂgogtmmzeotlwh idﬂﬁ@i&lﬁaﬁée@ ]@B(gfaf bot h
preferred and al fernative embodi nents, t hough detajled are

exenpl ary enbodi ﬁ?@ %ww&}heéﬁglgpﬁapglnaﬁwr%%aa%%@%&s‘“e skilled in

the art that varpglgBhows B Bl hdisiiPd T v/ANRbLEIR bR, My be
apparent. It is theréfore to be understood that said exenplary

enbodi nbht s do nBig d(Ghihowstike BryduonieBabedibarice saspardewrvef the
under | yi ng | nvengjater NELRORL B4 gps, dasavihed fisceln are |isted in a

| ogi cal sequence e i'scussion: “however, seduence in no way
limts the orderFige(Mshois tAbTheyziie ybdoebanopitendard @gvainl ess

specifically stated. FIN T ()\l% .
pect T y alt“lg 6(J)Es)Eows the IFast reen UV/Vis absorbance spectra.

Fig 6(K) shows the Fast Green absorbance standard curve.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides for a method of quantifying different doses of UV
disinfection. In the following sections, detailed descriptions of embodiments of the
invention are given. The description of both preferred and alternative embodiments
20 though detailed are exemplary embodiments only, and it is understood to those skilled in
the art that variations, modifications, and alterations may be apparent. It is therefore to
be understood that said exemplary embodiments do not limit the broadness of the aspects
of the underlying invention. Method steps described herein are listed in a logical
sequence in this discussion; however, this sequence in no way limits the order in which

25  they may be implemented unless specifically stated.

DEFINITIONS
“Ophthalmic Lens” as used herein and sometimes referred to as “Lens”, means
any ophthalmic device that resides in or on the eye. These devices may provide optical
30  correction or may be cosmetic. For example, the term Lens may refer to a contact Lens,

intraocular Lens, overlay Lens, ocular insert, optical insert or other similar device



"Opht hal m c Lens" as used herein and sonetines referred to as "Lens",
means any ophthal m c device that resides in or on the eye. These

devi ces may provide optical 30 correction or may be cosnetic. For
exanple, the termLens nay refer to a contact Lens, intraocular Lens,
overlay Lens, ocular insert, optical insert or other simlar device

t hrough which vision is corrected or nodified, or through which eye

physi ol 09y iyso&asWRich GRldns SRRRRREH nfdiftkd; of thicheh WA eyeiphP9dlbgy is
i npedi ng vision. In sonme enbodi nents, the preferred Lenses” of %he
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cont ai ner or_ vessel is one of the challenges facing the broad

i npl enenf at TYATGYIOEIEt eri | i zati on. Biol ogi cal indicators can provide
a nethod to deteg&jpe yhether an applied 10 UV dose has the necessary
efficacy to achi &V& 8t%rilization. To overcome sone of the chall enges
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known, the degradation of various dyes can be used as a 1
quant it dfi v& ' rdess brethemecesyay efficadhie agsievesterdizatios gFaderéane wmept the

nmeasur enment pof. UV dqese is,especi.al l.y, usef ul. n the, |levels of U/ . .
I radi ot oncIERPR LouBkaraRr A A S eHical FFAtelf s o 86 offfudarion
Addi ti onal | wf foddedriig ahdieoshiegib (FD &) akpticrebpéde Iafthit herlf DiGeryiesshig he

vi sual chan%es pr esent ugfn dye irradiation_can be u

d
qual i t at i ve D§EERIY dpse and dye radfion et uadatectyngl usech o caeie fpggrd curves.
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industry as a neans for the disinfection and sterilization of nedical
i nst r unght s qhantitative Imegpuemed sysiems Tha pse didye degradation jagre meapreretiof Hys

been used ag,a dLglBLAF LA AR 3 VS $FBYV QR A% Within a container cannot be
measured directly. Additionally, due to the highly colored nature of the FD&C dyes, the
visual changes present upon dye irradiation can be used as a qualitative visual indicator
of the UV dose.
20
1. Introduction
Germicidal ultraviolet (UV) bulbs have been recognized by the medical industry
as a means for the disinfection and sterilization of medical instruments for well over 60
years (1). Since that time, UV light has been used as a disinfectant and sterilization agent
25  for a number of different solid, liquid and gaseous materials (2,3,4). In particular, this
technology has found extensive use in the treatment of drinking water during the past two
decades (2,9,10).
Although germicidal bulbs have enjoyed widespread usage, one of the main
challenges of using UV light to disinfect or sterilize liquids is the accurate determination
30  of the UV dose within the liquid. Measuring a repeatable and reproducible UV dose was

an issue when germicidal bulbs were first proposed as a sterilization method (5). While
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25for a nunber of different solid, liquid and gaseous materials
(2,3,4). In particular, this technol ogy has found extensive use in
the treatnment of drinking water during the past two decades (2,9, 10).
Al t hough germ ci dal bul bs have enjoyed w despread usage, one of the
mai n chal | enges of using UV light to disinfect or sterilize |liquids
is the accurate determ nation 30 of t he UV dose mﬁthin t he quuid

Measur i ng aul engr | a%}ﬁa i z?rg 5 alﬁ% con?alner 0? gulfi ) L calcu? o g e
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i s the absorbance o [

(A*L), wher e ljquid per centineter
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this cal cul a{elsemnblsbaﬁgmaa@dtécﬂ(ltﬁrﬂé\wé@r fﬂ‘ﬂ%ﬂ@&l%ﬁs%ﬁl&%h@ﬂ)r aThe W
absorbance of materials within the solution itself or in

packagi h§ chemeganeens sehiionollhe U¥rebserhanse eétr@tealalsewglnmﬁle\ﬁelntld@g@lﬁmem
d d .
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predi ct the, dose_and efflcac of, UV in sol uti with | ess than
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wthinaliquid, there is a clear need for additional quantitative
neasur eh®nt (e&ligasDue to the difficulties of obtaining an accurate dose and predicting the anti-
microbial efficacy of a dose within a liquid, there is a clear need for additional
quantitative measurement methods.
In addition to quantitative measurements, qualitative visual indicators are
commonly used in sterilization processes. While biological indicators of UV disinfection
20 and sterilization have been developed (14,15) and are generally regarded as the most
definitive test for sterilization, they suffer some disadvantages over chemical indicators,
namely the delay in obtaining results, cost and potential for contamination (13,20). These
disadvantages can limit the usefulness of biological indicators in some circumstances.
While other forms of sterilization, such as steam and chemical have effective chemical
25  indicators, the commercial availability of UV chemical indicators is lacking. There have
been reports of fluorescently labeled microspheres (17,19) and silica (18) used to
determine the dose within UV reactors and the degradation of free chlorine has been
proposed as a method to quantitate the UV dose in solution (16). However, these
chemical degradation techniques all have the ability to quantitate UV dose in solution,

30  but lack the qualitative changes that can be observed with the naked-eye common to other

chemical indicators.



In addition to quantitative neasurenents, qualitative visual
indicators are commonly used in sterilization processes. Wile

bi ol ogi cal indicators of UV disinfection 20and sterilization have
been devel oped (14,15) and are generally regarded as the nost
definitive test for sterilization, they suffer sonme di sadvant ages
over chem cal indicators, nanely the delay in obtaining results, cost
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limt the useful ness ol ogical iI'ndicators in Sonhe circunstances.
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L L
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determ ne the dose within UV reactors and the degradation of free
chl ori neShas been proposed as a nethod to quantitate the UV dose in

sol ution (15? MAONENGLa Mbgs§s chem cal degradation techniques all
have the ability to quantitate UV dose in solution, 30 but |ack the
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to elucidate the dose within a liquid or as ve Vi

col or - cﬁ%ngﬁﬁ@m@ﬁ‘érﬁ dartrazigiand Fat Cif?e"lﬁpgt"’éﬁﬂ“ﬂg’éfﬁidgjﬁo 2 q@ﬁrt&” d) s
and Met hods gy M%ﬁﬁf@o‘%aﬁmme was pkdhd§cd (Red AreRB S@Hﬂ&?fq) \fqh&)@y&eﬁ@
wer e purchased fromthe Tokyo Chem cal lndusntl\déhaNIﬂ%() Japan)
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PA). UV bulbs were purchased from LCD Lighting (Orange, CT). TableCurve2D was
15  purchased from Systat Software (San Jose, CA). Tryptic soy broth, tryptic soy agar,
SAB-DEX broth and SA-DEX agar were purchased from Northeast Laboratories
(Waterville, ME). Corning clear 96-well plates #3585, quartz semi-micro cuvettes, petri
dishes and all other materials were purchased from VWR (Atlanta, GA).
2.2. Spectra and Standard Curve Generation
20 lmL of a 10 pg/mL dye solution in DI water was added to a quartz cuvette. The
UV/Vis absorbance spectra were read in a Molecular Devices M5 (Sunnyvale, CA) from
200 to 800 nm every 2 nm. The maximum peak absorbance in the visible region was
determined for each dye.
100 pL of various concentrations of dye solution in DI water were added m
25  triplicate to the wells of a 96-well plate. The 96-well plate absorbance was read at the
appropriate wavelength on a Molecular Devices M5.
2.3. Fluorescein Fluorescence Degradation
1 mL of various concentrations of fluorescein in DI water was added to quartz
fluorescence cuvettes. The fluorescence intensity of each cuvette was measured with a
30  Molecular Devices M5 with an excitation of 490 nm, an emission of 520 nm and a cutoff

filter of 515 nm. The cuvettes were irradiated for various amounts of time with a



Hll, MA). Indigo Carm ne was purchased from Anresco (Solon, OH).

Fl uorescein sodiumsalt was purchased from Sigma (St. Louis, M.

NI ST certified UV germ cidal detector PMA2122 and data | ogger PMA2100
wer e purchased from Sol ar (d enside, PA). WV bul bs were purchased
fromLCD Lighting (Orange, CT). Tabl eCurve2D was 15 purchased from
Systat Software (San Jose, CA). Tryptic soy broth, tryptic soy agar,
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cuvette was neasured wt ecul Devi ces
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measur ed i nafid¢ienge wasmeRarddesinkeidlyas dadribéd soveaCl ddse adk ailbwlited by
cycle. The fluorescence intensity was neasured again exactly a

descri bed a &lywﬁﬂeﬁ’ef}w% Vet the Ime-e rUpES WaretTf wfglwaﬁéewﬁfﬁ above.
power W th bhe gLk, PeGavasdr ves were fitted with Tabl eCurve2D using

the 8119 5 DecayN equation with the formof y = (bcdx - cx)"(1-d) +
a. 15 A lawn of organisms was grown on a petri dish containing tryptic soy agar for the

bacteria or SAB-DEX agar for C. albicans overnight at 35 °C. The cells were scraped
from the petri dish and transferred into 5SmL of Dulbecco’s phosphate buffered saline
(DPBS) containing 0.05% Tween 80 (v/v) (TDPBS). The absorbance of the organisms
was read and compared to a standard curve. The cells were then diluted to the
20  appropriate concentration as required for each specific experiment.
2.6. Sterilization and Dye Dose Determination Experiments
The inoculum for each organism was adjusted to ~10® CFU/mL in TDPBS. 1.5
mL of inoculum was added to a semi-micro quartz cuvette. The cuvettes were unevenly
wrapped with various types and thicknesses of plastic wrap to create a container with
25  varying amounts of UV absorbance. The UV bulb power was measured and the time
adjusted such that each cuvette container was irradiated for a total dose of 250
mW#*s/cm®. The number of viable organisms was enumerated as described below. To
the exact same cuvette container, a 10 pg/mL Erythrosin B solution was added and
irradiated exactly as described above. After irradiation, the absorbance of the dye was
30  measured at 525 nm and the corresponding dose was calculated using the fitted curve

generated above.



2. 4. Chronophore Degradation 1 nL of various concentrations of
each dye in DI water was added to quartz cuvettes. The absorbance of
each cuvette was neasured with a Ml ecul ar Devices Mo at the maxi num
peak wavel ength for each dye. The cuvettes were irradiated for
various 10 anounts of time with a germcidal UV bulb in a custom
fixture. The bulb power, neasured in pWcn2 was recorded before and
after each iys acgllligg;ul }%r%ngl%j.ﬁm The absorbance was neasured again
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Vi sual Dye Changes Upon Irradiation =~ _
coefficient, such that the dyes are easily visualized with the naked eye; and preferably be

non-toxic. The highly colored FD&C dyes appeared to meet all of the requirements with
very low levels of toxicity and high water solubility.

25 To characterize how these dyes would degrade upon UV irradiation, the
representative fluorescein (D&C Yellow 8) was first chosen. Various concentrations of
fluorescein were irradiated in quartz cuvettes by 254 nm UV germicidal bulbs. The
fluorescence intensity, absorbance and UV dose was measured throughout the
experiment. The curves were fitted using TableCurve2D and found to fit best to a decay

30  type of curve. As shown in Figure 1a, each concentration of fluorescein exhibited a good

fit with this decay curve.



1 nm. of a 10 or 100 ftg/nmL solution of Erythrosin B or a 100 ug/nL
solution of Indigo Carmne dye in DI water was added to a quartz
cuvette. The UV bul b power was neasured and the tine adjusted such
that each cuvette was irradiated for the specified dose. Cuvettes
wer e phot ographed before and after irradiation. 15 3. Results and
Di scussion 3.1. Dye degradation upon UV i rradi ati on Due to a

general |ack of %hen} cal Jjndic ti,on. chem
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woul d degrad1 on, _t he rep

(D&C Yel | omrvﬂ)lemsStfbb fathircthe lifehr rafge iodthe derbwent rat i ons of
cuvettes by 254 nm

fluorescein were_irradiated in

germici dal bul bsT 14?@*1 Y Qi Sy E’éexﬁ“*ﬁ’ﬂféir%‘int?FSI%B‘%‘F‘E%MHEV%HEPHWP%%@
was neasur edsd fiQu@Righttant M8 8XREMN: 5B RLvitED SudhUhy 8%y WRSd bé hB1e6h d{ﬁhﬁﬁte
Tabl eCurve2D and found to fit best to a decay 30 type of curve.

shown i hO0 Fi guange padifieranhdesendepthragin léhFlé&Cqusicﬁr)a%ﬁ@ﬁREémD&ﬁlé@i @)
good it W ity na[m Elu%%%y DY Y Biue W B%aﬁﬂ%egﬁlﬁg§ ‘G’?%‘ faQ?azme D&g

fluorescence intensity each curve s conver perce
of its star Ybﬂ@w\i;ﬂﬂuﬁset a’lellowaGE’(@D&(r YeHow 6) hlapl%dGm@h GCth(ED&iﬂ/Green 3)

curve (Figure Ib). T e c | I d absorbance and f orescen Sity
curves wer eV8i%f %ﬁn e %Eﬁgﬁm&sﬁﬁf@mﬁ tpég( ?qs E?ﬁgﬁraé th ey
simplifies fih&r eeg%ﬁwft&fecﬁmofaéaaﬁ Mﬁbﬁmﬁﬁoréa%p@ételﬂﬁﬁ@cﬁ(se@@pwﬁmgxact
concentration of the dye does not need to be known, only an inrtial

measur ehent Infermagienhbsor bance or intensity. However, the starting and

endi ng val ugg, {igky &)e%rﬁlaaﬁgﬂ é}u(ﬁlgf alcoRERraf AT Oqgh{ﬁﬂ %vag €heseh & ensure that

each dye was well within the linear range of detection. Similar to the studies with
fluorescein, each dye was subjected to known amounts of UV light and the absorbance
was measured throughout the experiment. Erythrosin B also had a significant
20  fluorescence emission that could be used in addition to its absorbance. The absorbance
values were converted into a percentage of the original absorbance value and the
resulting curves were fitted with the same Decay curve as fluorescein.
Sunset Yellow and Erioglaucine were found to not exhibit a simple decay curve
and therefore were not used in any further experiments. The remaining dyes that did
25  exhibit a simple decay curve can be seen in Figure 2. As shown in Figure 3a, the decay
rate of the various dyes that did exhibit simple decay curves spanned a broad range of UV
doses. The quantitation range of each dye was determined to be between the doses that
yielded a percentage value between 100% and ~20% of the original absorbance value
(Figure 3b). With standard curves generated and quantitation ranges identified, these
30  dyes then could be used to quantitate the amount of UV dose actually realized within an

irradiated object.



To identify other dyes that exhibit a simlar sinple decay curve when
exposed to 254 nm UV light and had different sensitivities such that
they would be able to quantitate 10 a range of different doses,
Erythrosin B (FD&C Red 3), Allura Red (FD&C Red 40), Brilliant Bl ue
FCF (FD&C Blue 1), Indigo Carm ne (FD&C Blue 2), Tartrazine (FD&C

Yel |l ow 5), Sunset Yellow FCF (FD&C Yel |l ow 6) and Fast G een FCF (FD&C
Green 3) wer sen. Fir .he, t he peak

absor bance \?\gi/e egeﬁatf’ﬁangﬁgf %‘Wé&l isﬁgllé?e%‘gg%%os%? sggt{e}eig}[yi on of each
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Simlar to LbgliskiddbRredkd RqhitdBE @SCBER to BAS Mrdigh 68 ISubbRGnREh: &1
known anmpbunts of WV |ight and the absorbance was neasured throughout
t he expef i medditiorHoythhymedinm iBel] IsonsigienciesiipHicrabsaihance of thgpaekage deelo

L L

absor bance val Ges WV&T e conver age 0 e origina
absor bance dadeusiaiialyt, heterogendotis sudutinns wise caecansé diffesdg ievels of DY dane
Decay curve as, flugrescein. Sunset Yellow and Eri ogl auci ne were found
to not exhi Byl e decay curve and therefore were not used in

any farther v@xRehd (BN o3e irfddfating iR dxkdMor BY £ SortdIAdr igHadlyYheidhtidara to
si mpl e decay curve can be seen’in Figure 2. As shown in F:glgure 3a,

the decd§ rawesuss vielhulbingwes ibe ehley te measige theaxprngn qunylapiesogrewilin a
curves spanned. . r S ; I i feed
cach dye wato et Bty BN e Ao EESU M ETINAIEN) Pllal ARG bl
per cent age wathitea drettaiseethd BfjYodndte- R0ftgo flogehnbtapnedgyitian thabsmtdserapon UV
val ue (Figure Bb%}. Wih,standard curves generated and quantitation
ranges i denfadiatign cpm, %%et?%a“%‘%es then coul d be used to quantitate the

amount of UV doso @ity @lelithph@aF hn&dn WadtdHaDaBrbahécabon sealiehicacjuartz
3.2. Determ nation of containers' internal UV dose and sterility

UV sterifi zauyesns wereperenss wiapned Wik veweis pkishe shegtst dhig wigppipg/coritained
absor bance %ggeg

: . ! Qn%a&'lctf]\d@ﬁ?@ z{}ls W&%fﬁemﬁfmeﬂ:&rm kleZAkbrBBhce of UV light.
applications, especially Tiquid sterilization processes require the
WV |ight toTpmdeferdnt suappimzs merdappliedandagtmiadanto grodpaddiht degreasiog ayreage
medi um it seIUfV I nconsi s%enci f? in the absorbance of the package due
to transmission (Figure 4a).

To the wrapped cuvettes, 1.5 mL of a ~ 1x10% CFU/mL solution of organisms or
20 10 pg/mL solution of the dye Erythrosin B were added. Both organisms and dye were
suspended in Dulbeco’s modified phosphate buffered saline containing 0.05% Tween-80
(TDPBS). TDPBS was used to keep the organisms from forming large clumps and also
to impart a significant UV absorbance to the solution itself. The filled, wrapped cuvettes
then were irradiated with a constant external dose as measured by the bulb power and the
25  surviving number of organisms or the internal dose as measured by the reduction in dye
absorbance was determined.
The gram negative bacteria, E. Coli, the gram positive bacteria, Staphylococcus
aureus and the yeast Candida albicans were chosen for this sterilization experiment, UV
doses that provide for a 12-log overkill sterilization were obtained or calculated from

30  published data. Due to differences in methodology and the inherent challenges of

measuring UV doses, a large variation in the overkill sterilization dose was present in the

10



changes in the thickness or the type of material can |lead to areas
with a much I ower UV dose. Simlarly, heterogeneous solutions also
can cause differing levels of UV dose within itself Wile the UV dose
irradiating the exterior of a container is fairly straightforward to
10 neasure via bulb power, the ability to neasure the average
cumul ati ve dose within a container is not so easily acconplished.
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e apprOX| e average contarn upon
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2010 il.g/ L soI I"on rosin
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buffered saline co talnlng % Tween- 80 (TDPBS TDP S was use to
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cuvettes then were irradiated with a constant external dose as

measur edi0 by (eontingn oup divsrmesh kel du@®dthe incteasrg ahenrb@we of therIgAR Ssypdutipn
the interna ction a S
e er e ISy TEATHERL Y eSS LA AR SRR
posi tive babtlens aqcoﬁitta“phmb mq:pﬁx@ ol ke suaind gtquas yehtht sigandbabebance of

al bi cans wer.e chosen f.o tth sterlllzatlon erinent. UV doses that
provi de f or th c¥setiedlyelf ol ppntripute fo.fhe lowerintgmaldase opt ai ned or

cal cul ated from $ge wﬁbalmes»fgﬁﬂlpgla{aaexlﬁbi&dtm%f\i/mfnfsﬁfs%ﬁ%ﬁd EotreBoAUREHONiORY

and the inherent chall enges of neasurin doses, a large varlatlon
in the &Ver kit¢rpalgioggsishpwed Mmpl@t@gfénhaaéu)pnf@@élﬁbrep Argapisms (¢antadnes grrgs 1-

w th doses |
(25, 26, 27, 28 157/ €0 % AR BT UG, wrdyitdpgFlleBe 3 Pntcmmal dose
(25, 26, 27, 2eyed@iaBY Yirapped ©.a laldiatwhish behwethe fpahioms 3FuldWiwher(Bontainer

25, 26, 31 Wth ds,to th d | d
o ot shZadgla’HP%S 5 s fra S font it s RARet SRR OF SR g R b e

and a dose @fredS as the internal dose dropped further (container groups 8-11). The surviving
20  organisms were not evenly distributed between the replicates of each sample due to the
uneven wrapping of the plastic, leading to the high variability.
3.3. Dye degradation as a visual UV chemical indicator
In addition to being used as a quantitative measurement tool, the degradation of
the dyes also can be used in a more qualitative manner as a visual chemical indicator of
25 UV dose. Since highly colored FD&C dyes were chosen, the color transition while the
dye is degrading can be used as a visual indicator. To show the visual changes, several
concentrations of various dyes were irradiated with known doses of UV light with images
of each dye taken throughout the irradiation process. A 10 and 100 ug/mL solution of
Erythrosin B and a 100 pg/mL solution of Indigo Carmine were chosen as representative

30  candidates as they showed good visual color changes in the range of doses tested.
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5 mW¥s/cn2 was chosen for C. al bicans. As can be seen in Figure
4b-d, the calculated internal dose was | ess than the applied dose and
as the transm ssion of the plastic wapping decreased (higher

cont ai ner group nunbers have | ower UV transm ssion as shown in Figure
4a), the internal dose showed a siml|ar decrease. The | ower internal
dose, even in an unw apped cuvette 10(container group 1) is nost
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measur ement t ool oqhRGedeqy alabLIOR oPrkilNSerB¥ 8o rPd 030 vAREs BEvAIRRY bhdlerdh,
nore qualitative manner as a visual chem cal indicator of 25 UV dose.
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t he visual changes, 'several concentrations of “various dyes were
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MM s/ cnl. Lasdhihs s@ffidRhefos oRERMoat ed 100 ttg/ nml sol ution of
Erythosin B allowed for visual changes with higher doses of UV |ight

as a conplete | oss of color was not observed until a 5000 mMs/cn®
dose. The | gsg tMuSERsitive dyes could be used as visual indicators
if higher W/ doses are required. 10 3.4. Mcroorgani sns 12-1og
overkill UV st erBévier FD&dh dyssed the D&C dye fluorescein were tested to determine if their

25  absorbance and/or fluorescence degradation upon irradiation with 254 nm UV light could
be used as a quantitative measurement of UV dose. Six of the eight dyes showed simple
decay curves upon UV irradiation. Standard UV degradation curves of these six dyes
were created and all of these dyes could be used to determine the average UV dose
imparted to a solution. Due to the different sensitivities of the dyes, different ranges of

30 UV dose could be quantified.
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As a reference, the 12-tog overkill sterilization dose values for
various bacteria, finigi, viruses and protozoa were obtained or
cal cul ated from published data (31). These organi sns were chosen for
either their use as a biological indicator for UV sterilization or
because they are known human pat hogens. In general, nost bacteria,
viruses and 15 protozoa are sterilized with less than 500 m¥s/cn2 of
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ose. Six of the eight dyes owed sinple decay curves u

i rradiati onSUTSVARIBHUIRE w@bqse&a@meeln Tag }%efe laferrtai 8e% %S%gw%? GRsietate to
created andgglihe@fse Eﬁﬁ%%uﬁﬁ%f%%ﬁn?&g%%s EQndRLh Bl DY éh\éﬁgyage
UV dose inparted to a solution othe different sensitivities of
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is able to s&ad 8é useatlplaﬁéa@dd,é@s fERALQIRACIR W el KRN Adafd fFicult to
absolutely calculate. To these containers, the dye Erythrosip B or

the mi ckdor gumbersmEsme dR+log sverkillrstadizasfonciosastbickoanE00Rae Wslded theghavo
dye was useg és%h&ﬂé‘@\&/\ﬂ;ﬁsp‘?f %lé?oﬁ@%%ﬁﬁ}ﬂdntﬂf%?c?&rgé idghe number —of

survi vi ng or ani sns térnal dose was
shown to correl ahlesutrmdrjneh& tlellegge id medshanpnthetabsolwtt UBUdose ehdthe current
organi sne egeea?*thto Ir'}‘le}‘clila yta%%ﬁableU\ﬁemlca %mators for UV sterilization present a need
for new quantitative and qualitative methods. The ability to utilize FD&C dye
20  degradation as both a quantitative measurement tool and a qualitative visual indicator

makes these dyes a good choice for a UV chemical indicator.

Conclusion

A number of embodiments of the present invention have been described. While this

25  specification contains many specific implementation details, there should not be
construed as limitations on the scope of any inventions or of what may be claimed, but
rather as descriptions of features specific to particular embodiments of the present

invention.

Certain features that are described in this specification in the context of separate

30 embodiments can also be implemented in combination in a single embodiment,
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10delivered to the containers' exterior did not change. Finally, the
vi sual changes of the dyes upon WV irradiation were studied. The two
nost sensitive dyes, Eyithrosin B and I ndigo Carm ne showed good

vi sual col or changes in the dose range of 0 to 5000 mAs/cnR

depending on their concentration. Additional dyes could be used if

| arger doses were required, however since nost relevant
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many speci fic 'Smﬂlﬁﬁpr@s;lﬁ’i%'@@ra Bh&hdeSteplc R B tﬁ@%vﬂ?&o\,\g‘ ?ﬁaﬁ@ﬁlg} EM@H this
as limtations on tHé scope of any inventions or o at “'may be

cl ai med, butshowd hetrbeamddsiodiapréiqunmgahatfseclt opeestionp be pifamnted in the_particular

particul ar enbodjments .of the.present inyventi.on. ) rtain

Peat ures t naroes b of i 5edreyll FRE op o FIlCABMisieq pporwions SR s Maed, o
separ at @030 aehtbadiemable @antsalis Qeddn | cifohBsENdes,dmuitasRing fal pahlldlmay be
singl e enbodi nent. Conversely, various features that are descri bed

in the cont@ktanieeussi MGreovenbBei ferftatioan of| ¥¥igye RYs¥menedmeaneply in the

conbi nati on ejBofiiHehisRletorfX QB LIEHA1IS KR B AnBekoBd ab RecdiiheSsikch 3 afation in
subconbi nati on. Moreover, although features nmay be described above as

acting in celltaibndiowntsi sratil shvsldbrunderstood that kel deyerdied ipnaemana sompestents and
one or nore features fro 5. ¢l ai conbj nation can in.s case

o exci sed YO R e it R URCs bodR S Dp NG (i Reae
di r ect edst o irdto SOk vadre prodocts.vari ati on of a subconbi nati on.
Simlarly, while operations are depicted in the drawings in a

particul ar or der Thedpsrtishiou¢rabaddomernseofthel sybgecd ontteshave §edr dengyibea@ther

Sequent ar Sraesmep S SRR opog PaRs IR0 TG Het benlions o
recited in the claims can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the accompanying figures do not necessarily

20  require the particular order show, or sequential order, to achieve desirable results. In
certain implementations, multitasking and parallel processing may be advantageous.

Nevertheless, it will be understood that various modifications may be made without

departing from the spirit and scope of the claimed invention.
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10 achieve desirable results. In certain circunstances, nultitasking
and parallel may be advant ageous. Mreover, the separation of various
system conponents in the enbodi nents descri bed above shoul d not be
understood as requiring such separation in all enbodinents, and it
shoul d be understood that the described program conponents and
systens can generally be integrated together in a single software
product or packaged 15into nultiple saftAldaf® products. Thus,
particul ar enbodi nents of the subject natter have been descri bed.

O her enbodi ments are within the scope of the followng clains. In
sone cases, 1t he AGhdBNSo RGhGSHg 'U‘VHﬁﬁlthﬁg'&Ese‘é%‘eq%teH&rJtém{Eﬁ% dnn @
di fferent order and still achieve desirable results. In addition, the
processes depi ct@ﬁhth@im‘lhbﬂlﬁd@mgmnw ngref 4dgiiive dndiestore compisiesiar i |y 20
require the particul ar;.order e ntial to achi eve
desirable results. Iﬁadggnﬁogmr?§| fflélrgfelgﬁ bsﬂﬁgngq&ou Oﬁlt% nl’(l ng and
paral | el processing rapylie: ﬁUMﬁanV'ﬁtmmdﬁanoNﬁum’ﬁ)h&i @&smyroiléd b bnde
under st ood t hat vari.ous di fications may be nmade w thout departing
fromthe spirit BHIS8EEPE of the clainmed invention. CLAIMS 1. A

net hod of quantifyi ngga%ngg?éeﬁﬁ&q(tﬂdﬁgtl‘fé%?ﬁdﬁ%q}i@héoi RbreSed ihdighBs.
an Ophthal mc Lens using one or nore additive indicators conprising:
addi ng one or nore indicators to an aqueous sol ution; appl yi ng
a Utra Violet r rolledt

2nd gather Hg. 1 e tne ko o R 1 galsPafiy RN SeShe o Fordavh e Ripeble
i ndi cators. 2. Tdfeeamhgﬁﬂtheﬁe@h@dtmbf ommmebﬁﬂieymhmmm.m ng one or
nore active dies capable of reacting to the degradati on of one or
nore of the indications. 3. The nethod of Claim1, wherein the

i ndi cators £onpriem&@nsd oF CIQQM" Whteif IRPRGRoARG HNOs R B6G: 4. The

met hod of Claim2, wherein the one or nore active dies are FD&C dyes.
Ch.romophme and Fluorophore.

4. The method of Claim 2, wherein the one or more active dies are FD&C dyes.
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