-1 APPARATUS, SYSTEMS AND METHODS FOR PROCESSI NG AND TREATI NG A

Bl OLOG CAL FLUI D WTH LI GHT BACKGROUND OF THE | NVENTI ON The present
invention generally relates to apparatus, systens and net hods for
processing and treating biological fluids, such as bl ood and bl ood
conponents. Mrre particularly, the present invention relates to such
apparatus, systens and nethods having a |ight sensing systemto neasure
the illumnation intensity of a plurality of lanps, a radionmeter wth a
plurality of light sensors that may be_jnserted into the apparatus to.
calibrate the light sensing system an Tnterface printed circuit board

that interfaces a cOngughfimRl | fcSBus akS WrtnoObl MokBsdMe el ectronics and

- sensors of the apparat Mg TRea SRESOBISIJABAE RO WeThelegt the notion of an
agitator for agitating tThe birologicalr fluid, methods for calibrating,

sensing and correcting light intensity nmeasurenents, a radioneter for
accurately neasuring light in the apparatus to provide a reference for
calibrating the Iight sensing system .and nethods for determning the

|l ength of treatnment to reach a desired illum nation dose by using the
calibrated |ight sensing system._ .Apparatus, nethods and systens for
treating biological fluids, such as blood and bl ood conponents, with
light' are well known. For -exanpl'eé; U S. Patent No. '4,952,812,

i ncor porated by reference hepmineROWIDS OF CBIBSINVENAPPAr at us for treating
unwant ed white blood c ] I | t.k at | u Lol et
radiation to limt the@géﬁf%%ﬁEO?&ﬁﬂﬁﬁgpgg slggjﬁ?%$%£gﬁ %%k?ﬁg%%e
reaction in &vpegisemnd Teethedat febnPaPeRASaNGf and fragelnet RuHEeHtHate, the
cont ai ners aregufd3C8dc0hsabsddadaht &loodr eoMpbnddtal | Bodenphoeikadriy nto a
housi ng between facing arrays of]!% stfor H{radiatéon frog1both<§ides of
the contai ne™™® BUFIRG HPYETaRi 673 Che “ar BWET TP 2 Por (7616 e dr awer)
may -2- be pimechetd | mawingocll ndigwt | crensonagityEten t hee plugleghed  the
concentrate. ;4 G RRI &N Mns12yO%F Q9GnupliSeyl ReonRAsAL e Pyaiohei&r ence

herein, discloses a_system and‘aﬁ)par atus for treating L
_ ' with a plurality of light sensors that may be inserted into the

apparétus to. calibrate the light sensing system, an interface
printed circuit board that interfaces a computer printed cixcuit
board with the electroni;cs and sensors of the apparatus, a
.sensor arrangement to detect the motiomi of an agitator for
agitating the bioclogical fluid, wmethods for calibrating, sensing
- and correcting light intensity measurements, a radiometer for
accurately measuring light din the apparatus te provide a

reference for calibrating the light sensing system, .and methods

for determining the length of treatment to reach a desired

illumination dose by using the calibrdted light sensing system.
Apparatus, wethods and systems Cfor treatiﬁg h
biological fluids, -such as blood and bloéd_ compogents, with
-light* dre well known. For example, U.S. Patent No. 4,952,812,
incorpérated by reference herein, discloses an apparatus 'fpr
treating unwanted white blood cells in platelet concentratg with
ultraviolet radiation to limit the ability of white cells to
. trigger an immune reaction in a patient. To treat containers of .
platelet concentrate, the containers are placed on a slidable
.drawer that is introduced into a housing between facing arrays
of lamps for irradiation from both sides of the container.

‘During irradiation, the drawer (or a portion of the drawer) may




a biological fluid wth light for the purpose of inactivating pathogens
that nay be present in the biological fluid. A slidable drawer is used to
. position the containers of biological fluid between facing arrays of |ight
emtting diodes. Extended flaps on the containers, |ocated outside the
light field, are automatically punched to indicate different stages of the
light: treatnent. U S. Patent No. 6,245,570, which is also incorporated by
ref erence herein, discloses apparatus and nethods for treating a container
of a blood product between two facing _%[rays of light. The contai ner

i ncl udes a Iight sensitive tape t hat changes col or when exposed to

ul travi ol et l_ﬁqh%% therehy géc?c‘i‘éé ng,.nben the c{s{ %gggeq,_thepr&%@g%d S

conplete. Sti apparat us and systens for tteating biological fluid
are di scl osedcqnﬁeurSFePatent No. 4,726,949, U. S. Patent No. 5,709, 991,

U.S. Patent No. . 6, 43%. 343 panehtU. ﬁb Eagseznbgd\lo aﬁscl9®n&€&%praidd afy whi ch
are incorporated by referenc herein. Prio 5t rad |orreters ]E?\égbg%ally
ire

measure | i ght™FRiESsPEF 4t S ERETS apglyﬁtfe FIEBRT BRTS “Ohe” ion. .
- Wil e the priorbialegiappafhtigs wisysigig dnd h@t h?@ldsosmawfe igeacivakiyg wor ked

satisfactori lﬁ@th&&.@[et’hﬁt m2ge e gresémrﬂye&eamla Usa1 SHsGgMs and
et hods that provide, for _example, inproved reliability agd accur.acy,

greater flexiBirrtyp G et iYSPENTS) POPHDICBVERP G638 BT S ogical
servi ceabi | i tmulaSbswebén fasignhaneed dfr ackicngnirteogr diddeepi ngktanded he | i ke.

SUMWRY OF THELAVENTL QN cThe, LoLL 0 14, SR Yod S bogedeasqanaver vi ew

of <certain aspgct resent Tnvention. i's not intended by this
sumary to haﬁtpm%mce;dp'aﬁdnqw seoprtighte [ fEeueniys SEHARSCRT B itA8"% he scope
of the presenirchfygnti on. The mention of certain features or elements in

this sumary does not mean t hat - 3- nt eat.ur es ecessary
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to the use or practice” of PEhe" Aert'i 7° of “Otfier aspect s,

or that such byshoutetebes r dateimt odidelionss t k@padksupot a@(pm\esmd,% ré@i te such
feature or elguepl,, PGS L€ aRIENE EpRaudlY LEBRMEnOMWSl facing

arrays of light. The container includes a light sensitive tape
that changes color when exposed' to ultraviolet light, thereby
indicating when the treatment process is complete.

Still other apparatus and systems for treating
biological fluid are disclosed in U.S. Patent No. 4,726,949,
U.S. Patent No. 5,709,991, U.S. Patént No.. 6,433,343 and U.S.
Patent No. 6,190,609, all of which are incorporated by reference
herein. _

Prior art radiometers typically weasure light
intensity at a single point and from only one direction.

Wwhile the prior art appdratus, systems and methods
have generally worked satisfactorily, there is a mneed for
improved apparatus, systems and methods that provide, for
example, improved reliability and accuracy, greater flexibility
and ef‘ficiency, improved ease of use and serviceability, as well
as enhanced tracking, record keeping and the like.

| ' SUMMARY OF THE INVENTION

The following suuuuary is intended as an overview of
certain aspects of the present invention. It is not intended by
this summary to limit or éxpand the scope of the claims, which
define the scope - of the present invention. The mention of

certain features or elements in this summaxy does not mean that




certain elenments or features is not intended to detract fromthe
significance of such elenents or features. in those clains in which they
are expressly included. In one aspect, the present invention is enbodied in
an apparatus for treating a biological fluid in a fluid treatnent chanber
having a plurality of lanps and a light sensing systemto determ ne the
light intensity emtted fromthe plurality of lanps with the Iight
intensity nmeasurenments corrected with previously determ ned calibration
coefficients to provide a calibrated |I8 intensity. In another aspect,
the present invention is enbodied in a"Fight sen5|ng systen1for appar at us
to treat a biological fluid in a fluid treatne with at.least one

a
light source.5fRe®tSeREM ?ﬁcﬁeﬁﬁ‘é‘?s £rF e’éscfgs%é?*fé’ I ngli‘ s‘?ﬁs8f $Ese the
i ght | evel widfhithet irevehtiat nentitslawbéer ofhethémglspeersoprr Préf evdbl y

provi des an Ou;n%yidfﬁee%%@cxna, 9083 ok Nehad Sad Glogt @Qprésel; hees@BS 86 i ght

intensity. Th requency signal 1s counted and analyzed to determ ne the
| i ght i nt ensi t§eafyre & ELewtfent CovteaRpler . theil dhsshee fcffeq:‘&én‘ﬁ‘if‘téf’@n%ﬁ s from
mul tiple SenSQfe‘i:tﬂﬁy elbxfentdl bi [Feak@fbspis Glott MmtReANAd itdgdethet Cixont tigf t he

frequency signals..m orrected with calibration CQE{I’JI chents fhat were
determ ned i ngs gﬁﬁlcﬁx%%l? raclgongﬁ?%nggdﬁfefe guraersmtjL aspect, { he pr esent
invention is aihdeh tdweisorticedxpuesaty dinebidedni ¢ control system for the

biological fluid treat FRNbneRRBESE, US hWi ﬁ,&sangoméhe{mpllrscumodb@arﬁ and an
-interface circuit board to |nterfacead| g,np\ﬁg tQr % ddeV|ce
the |ight. sendhgPRRAEEEN] £RE (FARP-TEnt? ol 1g%15 a Pl uara A of
sensors and t heeatrdoe wihahbéhehoomguteer pluribl £y t obodemps T#rgi p& edéght

I nvention Is aslﬁaﬁgz.r%{ 8 ﬁgée%p LodéE%L&t'ﬂgs tfl@rll_cliﬁ@lfnlegﬁéltg‘gemﬁgal f}.g)ma&ga

correcting light I Sit measur enent s hods al so 1 ncl ude
det er mi ni ng t HAUFEHgYh Qﬁl 1g0% r edtherftheof 1igNSi o BEANSATY f [MGPEMSRder to
reach a desirrrédded it poEvidAsEy dleBeMﬁfnedthfata&ﬁe@deffth&nbé esent
invention is Wléil edc‘sl‘1rhna:1atre%d!L rLPEt J.rl;.tevz\lnsg.p a plurality of |ight sensors
In another aspect, the present invention is embodied
in a light sensing system for apparatus to treat a biological
fluid in a fluid treatment chamber with at least one light
source, The system includes at least one light sensor to sense
- .‘the light level within the treatment chamber. The light sensor
preferably provides an output freguency signal that is related
to the sensed light intensity. This frequency signal is counted
and analyzed to determine the light inteunsity in the treatment
- chamber. Multiple frequency signals from multiple sensors may
be multiplexed prior to counting. The count of the frequency
" signals may be corrected with calibrhtion coefficients that were
-determined in a prior calibration procedure.
In another aspect, the present invention is also
embodied in an electronic control system for the bioclogical
. fluid treatment appafatus with a computer circuit board and an
.interface circuit board to interface a display, an operator
input device, the light sensing system, the lamp control system
‘ ~ténd a'- plurality of sensors and the 1ike with the computer
- gircuit board. 7 '
The present invention is also directed to wmethods for
. calibrating, -  sensing and correcting light  intemsity

'-":-=measurements. The methods also include determining the length




di sposed on at |east one side, and preferably on opposite sides of the
radioneter, to measure light intensity fromat |east one array of
illumnation sources. The radioneter is separately calibrated to provide
accurate |ight neasurenents over a predeterm ned area of the treatnent
chanber, which neasurenents are used by a central processing unit of the
apparatus to determ ne appropriate calibration coefficients for the |ight
sensing system Preferably, the radioneter sinulates the dinension and
geonetry of the product to be treated with light in the apparatus. BRI EF
DESCRI PTI ON OF THE DRAMVNGS FIG. lis a4ﬁerspective vi ew of an apparat us

for treating |oIo i.cal Ik gh enbd th Nt
i nventi on; é‘?Z S pterosfp F’r?(}é’g%n gwf%l? d{ he SPE3r atPugeac?‘ gé%’}eghom ng
t he nodul ar cohbanentlsmoﬂosﬁe appar at us separ at ed FIG 3 is a perspective

view of the apparatus ofn Fi adotMelh ab tfrome a&%@ﬁtdq%&ﬁs@, iElG 4 s
a perspective view of the apparatus of h front, top and side:

panel s renove™ydied 41 & FIFAPREEF| WlE&pF‘ocﬁ’éHr@]ﬁéW GE tEPhppSRs¥Es  of
FIG 1, FIG @isppsadpet sjpedédsteone esvdef and podterdbhnen whidsite sigeket panel

open; FIG BALs,an SABIEE Vel DA hi O LAY ea B otPhGiob onkl G 7 s

a perspective Vi éw 0 I'ui‘'d contai ner  —carryi Wg t'ray
perspective vREWYofok Helppinagienr FRH-ALS- dr &dRr 11°He‘f°rraylsr e??B@E%FelFI G BA

is a part:j al sho®r¥tew @b t;bteavda@v\@bcﬁ:;talcte kfyhl& aﬂéhsalgamﬂalsy @i]l:'ex{ Ee L | ui d
carrying dra p si.de. vi ew of t r aner
tilt knob andp’é%‘%eéﬁﬁff”ynegf a’f‘?’?eo?l Ui 3%55 trmf"‘lnrtlgg‘h I’mab\?\éT WIRER, e SREenSiE her
perspective vies, ufednpy he cendmisipdecesfinghenit upll ther poprRragpawse wit hout

the fluid determine appropriate calibration coefficients for the light
sensing system. Preferably, the radiometer simulates the
dimension and geometry of the product to be treated with light
in the apparatus.
_ BRIEF DESCRIPTION OF THE DRAWINGS
' FIG. 1 is a perspective view. of an apparatus for
treating a biological fluid with light, embodying the present
invention;
' FIG.2 is a perspective view of the apparatus of FIG.1
showing the modular components of the apparatus separated;
FIG. 3 is a perspective view of the apparatus of FIG.
1 with the froﬁt access door open; ‘
FIG. 4 is a perspective view of the apparatus of FIG.
.1 with front, top and side panels removed;
FIG. 5 is a partiallyﬁ exploded view of the apparatus
of FIG. 1; ' |
FIG. 6 is a perspectlve view of a light drawer Wlth a
socket panel open;
_ FIG. 6A is an exploded view of the light drawer of
FIG. 6.
FIG. 7 is a perspective view of a fluid container
carrying tray; 7 .
FIG. 8 is a perspective view of the fluid carrying
.draWe;' with tray removed; '
' FIG. 8A is a partial side view of the drawer tilt
knob and assembly of the fluid carrying drawer;




container carrying tray; FIG 10 is a front view of the fluid carrying
drawer with fluid carrying tray renoved showi ng side-to-side oscillation
of the tray; FIG 11 is a perspective, view of a container marker

assenbly; FIG 11A is another perspective view, fromthe underside, of the
contai ner marker assenbly; FIG 12 is an enl arged perspective view of an
“individual marking unit of the container marker assenbly; FIG 13 is a

- perspective view of stacked apparatus enbodying the present invention;

FIG 14 is a block diagram of one enbodi pent of a control systemfor the
apparatus of the present invention; FIG 14A is a perspective view of a

Lot sensing device ubighomy ?ﬁl%geawgaptmes?@magw% O Bbiesl: FI G

15 is a plan view of a di rocessi ng set enbodying t
present inventtidh; kﬂPP@ndlﬁsﬁ‘r%‘béY mfaﬁhﬁllféw%fcaéﬁb‘t“ﬁe@r&m%posabI e flui d
processi ng set enbodyl ngrd.he 9pr Q§ergndtﬂy1,ent}_:le9@ped1_:h.@ Yielvs ardehanchd ew of a

di sposable flu r.ocessi nmbod I n the resent inventi i
posi tion for “é‘g?’é%ﬁﬁent Wi ’gldﬂ‘? C6T1 € eétté%lutbi g?%glg?:%]ldqf | ui d;
FIG 18 is a- q@et@pectqareymgew-af a part of the di sposable fluid

processing set enbodyi ngrg hqopis%e@&ow\e%@&nwthéfﬁmar@&?% akak&ast one
cont ai ner disposed within a hold FIG 18A is -a pers iive view of an

alternative &ibbdi M of SFREL Mol dBF2Y N %F“‘E’T’?)‘éeds%%‘i“?l oF i AF 1498t ai ner s
di sposed t her eisnillak{on b8BHesteayrer spective view of the. holder of Fig.

(18Ain an open position hut i DO, LORLAIOET (R oF! G cABCshok GabRLSDECT] Ve

vi ew of anot her alternative - Fent™ of I'n an open position;
FIG 18D is a?®seewp#cti ve view of another alternative enbodinment of a

hol der with the frame pprd.i onfa separaierer Fh&rspkltive avidwQw £har teighow ng
the st ar.t i up Ql 3&1’51893, of the container marker assembly;
FIG. 12 is an enlarged perspective view of an
individual marking unit of the container marker assembly;
FIG. 13 is a perspective view of stacked apparatus
embodying the present invention; '
_ FIG. 14 is a block diagram of one embodiment of a
control system for the apparatus of the present invention; -
FIG. 14A is a perspective view of a light sensing
device which may be used with thé apparatus of FIG. 1:
' FIG. 15 is a plan view of a disposable fluid
processing set embodying the present invention;
FIG. 16 is a plan view of another disposable fluid
processing set embodying the present inventien;
FIG. 17 is a plan vPew of a disposable fluid
.processing.set embbdying the present invention in position for
attachment with_cbntaineré of a collected biological fluid;
_ FIG. 18 is a perspective view of a part of the
'dispoéable'fluid processing set embodying the present invention
that includes at least one container disposed within a holder;
FIG. 18A is -a .perspective view of an alternative
. embodiment of the holder in a closed position with containers
disposed therein;
FIG. 18B is a'perspective view of the holder of Fig.
AR IISA in an open position but without container(s);

2 . FIG. 18C is a perspective view of another alternative




‘the control systemfor the present invention; FIG 20A is a flow chart
showi ng the pretreatnent phase of the control system for the present
invention; FIG 20B is a continuation of the flow chart of FIG 20A; FIG
21 is a flow chart showi ng the treatnent phase of the control systemfor
the present invention; FIG 21Ais a flow chart show ng the steps enpl oyed
to neasure the illumnation intensity during the treatnent phase of the
apparatus of the present invention; FIG 21Bis a flow chart show ng the
steps enpl oyed in calibrating the apparatus of the present invention to
measure the illumnation intensity in-&ccordance with the present
invention; FIG 22 is a flow chart show n the operator initiated

i nstrunent  sePEPAYEE R fi BHgeEr 1t /B WM P “¢Ptem for the present
invention; FIG 23 is a&ifl aanchant petapetniyet heewdpaigmosher alfemetitns of the

control syst e | §£metnlgeoprae§oelhr&teri \ﬁ%nt:fl@'}rar@ g’orig.%nls. Sseak-£Ha; Per spect ive

view of one er I ment d-carrying drawer, fluid container
carrying tray and an @IFerlﬁaW\Pefé%d‘&Fﬁ"eﬁPWﬁ‘f“gtFﬁe &Eﬁ"ftaf’i’o?f‘aégs%fnb
FIG 25 is a {fRpcyitevl ofyst&e fapt ee Beésermwmgntm fluid-carrying dr awer

FIG 26 15 an exploded yhew gl Lhe drauely s aaserit 3@g5£43%h&§arryu ng

tray, FIG 27 is a per ve rawer with the
fluid carryiplgserefy tht avetralheystiem L&t Che Z&eﬁsntalp‘é?%&%‘tl ve view fromthe

undersi de, of " the fl UigdgCaiphyidth toaVElua¥drhodt cich@1dd Whereassr yiag tray;
FIG 29 is a %er spective view of an radioneter enbodying the present

i nventi on; i30 is a cross-sectional view, taken along section line
30- 30 of the r adi orret errighaan isnaFElaw 28artIsBGowBl ithe arresxpéidetasd ew of

the radi omet ef; @f, Fl.G 0129602k Gro nk SpreBEY SREGKIYE, Vi ew of the radioneter

FIG. 21A is a flow chart showing the steps employed
to measure the illumination intensity during the treatment phase
of the apparatus of the present inve'ntion,-

FIG. 21B is a flow chart showing the steps employed
in calibrating the apparai:us of the present invention to measure
‘the illumination intengity in accordance with the present
invention; _
| FIG. 22 1is a flow chart shbwing the operator
initiated instrument settings functions of the contrel system
for the present invention; ‘ _

FIG. 23 is a £flow chart showing the diagnoétic
functions of the control system for the present invention;

FIG. 24 is a rear perspective view of one embodiment

. of the fluid-carrying drawer, fluid 'container carrying tray and

an alternative embodiment of the agitation assembly;

FIG. 25 is a top view of the motor for wmoving the
| flui:i—;:arrying drawer; |
- FIG. 26 is an exploded view of the .drawer sub-
. a-ssembly and fluid-carrying tray;
_ FIG. 27 is a perspective view of the fluid carrying
draver with thé.‘ fluid carrying tray placed therein;
‘_ ' FIG. 28 is a perspective view from the underside, of
the fluld carrylng drawer without the f1u1d carrying tray;

] ' FIG. 29 is a perspective view of an radiometer

embodying the present 1nvent:.on,




positioned within a conpartnent of the fluid container carrying tray; FIG
33 is a block diagramshowi ng the preferred interconnections and

rel ati onshi ps between the printed circuit boards that contain the

el ectronic circuitry for the control systemof present invention; FIG 34
is a diagramof the lanps and the light sensing circuitry for the |ight
sensing systemof the present invention; and FIG 35 is an el ectrical
schematic diagramof the 1light sensing circuitry. DETAILED DESCRI PTI ON For
purposes of illustration, the various aspects of the present invention
will be described, in large part, in <©Tonnection with their preferred
enbodi nents. However, it should be recognized that.the a%%r aljug, Systems
and met hods embodyi ng F¥he i f F8r &nt “HEFetIE 1892 hEiPlesEnt i nventi on are
not limted sécxibhelisperdfiocotiehaitadideteri $ognhir €A, 200631 An appar at us
for treating a biol ogigal H Uid L Sy ar dwy oW, ddlohb @S of-gid.and i s
referred to herein generally as |1ght box 10. Light box 10 nay be used for
treating a vadPiety of materials for a variety of purposes. Light box 10 is
particul arty useful inridhe iz eat nEnperspechbivel ogiewaloff | thedsradisnarsed her ei n,
biological fluid.refers, .to any fluid that,is d.i " be

i ntroduced i RPSERRSS BEEY el arg“‘e tutogngffe Itlfl%y('?ec n{ﬂg?ﬂeﬁ %%%rl}afﬁ- bl ood
products. Asrased herein "blood product” refers to whole blood or a

/ conponent of whol e blgd siichas rnadck! aoshreal lshowidy tdeblpreterreel | s,

pl atelets, plasma or a, conbination of ane nor e such _.conmponents t hat

] r f
have been sepBaFECERRTSFOATFSUTI%e THFHJGSERE gﬁ‘é"ﬁef‘i é",ge nBRSH IR lse of
| i ght box 10bb&rdsn thhe téwatinenhe oélartbbmiad qirodiloty tieat thascoeei®lconbi ned
with a phot oc&%rrnn' ‘?@IPrggg):t i%pern agt.i vation when subjected to light. Such
phot ochem cafyagen s are used, for ‘exanple, in the inactivation. of
viruses, bacteria, whi¥¥-bl¥odscd |HagrR qtherhe dGMPANPRANTS (tisFectively
referred to Bekfing asrcwRebfoganshy. 1idHt Rahiingenystactdfy ahieopraggpki cati ons,

t he activated agent
. invention; and

FIG. 35 is an electrical schematic diagram of the
light sensing circuitry. '
DETAILED DESCRIPTION
For purposes of illustration, the various aspects of
the present invention will be described, in large part, in
| connection with their preferred embodiments. However, it should
be reéognized that the apparatus, systems and wethods embodying
the different aspects of the present invention are not limited
to the specific details described herein.
2100063] Bn apparatus for treating a biologigcal fluid is
generally shown in Figs. 1-14 afd is referred to herein

.generally as light box 10. Light box 10 may be used for

treating a variety of materials for a variety of purposes.

Light box 10 is particularly useful in the treatment
of biélogical fluids. - As used herein, biological £luid refers
to any fluid that is found in or that may be introduced into the

body including, but not limited to, blood and blood products.

j'As used herein “bloed product' refers to whole blood or a

* component of whole blood such as .red blood cells, white blood
éells,-platelets, plasma or a combination of one or more of such_
components that have been separaﬁéd from whole blood.

One specific, non-limiting use of light box 10 is in-




i-nacti vates pat hogens that may be present in a blood product. [00066]
Typically, the biological fluid to be treated is introduced into a fluid
treatment chanber within Iight box 10 in flexible, plastic, sterilizable,
transl ucent, biologically conpatible containers. In accordance with
aspects of the present invention, the containers may be integrally
connected to other containers and plastic tubing useful in the processing
of the biological fluid both before and after the treatnent provided by
i ght box 10. Exanpl es of the di sposabl e processing set and its conponents
are shown in Figs. 15-18. The Iight box®™ the disposable processi ng set and

e reLhods ot UelngeLiemiate, deSgraed Lkrdee delelbuslan s, oL oht oox

As shown in €s a housin
panel 14, boiphgmqbanmallfﬁgemorfpraﬁdtx‘@&ilon papRt ss‘ibziecémﬁ 59 dél%el s 18

Housi ng 12 | %uéHp%BE%eQYcéleeh enks ahfachasut otbot toAwmpanel id6 =i g. 4).
In a preferred enbodi nent, fee%I 13 are, rubber 01? ohher el asé Brl.c nounts.
Side panel s M3CHFPCIGe IFdSIFRGr 25 2y ¥ 3‘?5% gdafitt ¥ 8R8p8FtSng 1 ght

box 10. An opersddieaits r{@nfmyaﬁlleeljomefaﬂradn tei Herganels I'datlwiaeos® -f or
access to the, 'gﬁa%a I O Pééﬁglas%%x 1%1%1 mﬁ&m@fem@p%‘dt 15@ld Vagddie

el ectroni.c conponent are described_ in nore detail
bel ow. Door Zaagtdyabes @Eﬁf&!“@rtmr‘-e‘ﬁé’véﬂ sl ARy PRESE SFRFE25. For
conveni ence gotbexifi Ci epgikally, | thepnabesgiealt Fahid | t@hbe baxedt@dbesfairly

conpact. In oggt dg‘gnibé@gﬁq' uJe.&(EEI'B%ItnBan{:l II%%&PQ« O 1’T§f{t q)%bcaglgr gxi mately

100-120 cm w ween apprOX| mat cm high. A
conpact i nstfiexidrie, al bbws:mforstesrama@lefortlﬁnééwﬁt oPl%t‘-O@Fé%ﬂtléfr nunmber

- of inst rument.§nRRLniL e%t:)gl%irne-?@nt erIx@-”S’écWrd&%é aJv:ithW dfcts- of- -the----- - 9-
or nore instrunments to be stacked on, top ot her. (as shg%% in Fig.

13), resul ti BReFeRtgiBAnELoR hFBﬁg‘f?ﬁﬁ?“@Fs b‘?‘eﬁ’l g@l H%FIEQFT]LﬁydCO%’éeF ri°zont al
area or spacetfér eonbeinehs SpacCelasiiel tusipgcesaful tihetel pejceseightofbox 10

may include %hg OQ) I;)?oglrrggmtelugg %QQh before and after the  treatment
provided by light box 10. Examples of the disposable processing
gset and its components are shown in Figs. 15-18. The light box,
the disposable processing set and the methods of using them are
déscribed in moré detail below.
' a. Light Box
As shown in Fig. 1, light' box 10 includes a housing
12 defined -by f.op panel 14, bottom panel 16, front and rear
| panels 17, and side panels 18. Housing 12 is supported by feet
13 attached to bottom panel 16 (Fig. 4) .. In a preferred
embodiment, feet 13 are rubber or other elastomeric mounts. Side
panels 18 may include handles 22 fof grasping and transporting
. light box 10. BAn openable or removable door 24 in sid_e panel 18
allows for access to the interior of light box 10 and, more
specifi—éally, the electronic components of light box 10, which
are de;cribed in more detail beloﬁ. Déor 24 may be copened or
removed by turning fasteners 25.
‘ For convenience and efficiency, it is preferred that
' light box 10 be fairly compact. In one, non-limiting example,
light box 10 may be approximately 100-120 cm wide, 20-100 cm
:‘déep and  between approximately 30-40 cm high. A compact
rinstrument allows, for example, for - placement of a greater

number. of instruments per treatment center and/or may allow two’




fluid treatment nodule 28. As described in nore detail below, contro
nodul e 26 may i nclude and/ or house the command and control elenents for
the treatnment of biological fluid. Fluid treatnment nodul e 28 houses the

el ements and conponents where fluid processing takes place. Control nodul e
26 and fluid treatnent nodule 28 may be contained in the sane housing but
in a preferred enbodi nent, as shown in Fig. 2, they are readily separable
nodul es. Control nodule 26 and fluid treatnment nodule 28 are electrically
and physically connected when |ight box 10 is in use, but may be

separated as shown in Fig. 2. In one enbodi nent, control nodul e 26 and
fluid treatnment nodule 28 are held tqgft J% n 30

et her,
(Fig. 4), whio€h"Hs #RsTyyerisetoihft &7 tﬁgr?g 8'38#‘ ?%’Srn{)aéufes
AI ternativel yn pmdub®s, %smuina&rrr@yedneerheﬂucbugngtOHebldiygem}t Eeidf ast ener s

L (also showl i foELGid) b NoPlopath 10U SURY BhdbcI0snEaNispabe AUl € 26
e

and fluid tr&Stmeht ule separat ed by rempving draw pin 30
and/ or tur nithg ikef asteners 31 shovvn in Fig. 4. Fasteners 31 may be
accessed by renpving degdnt24okSi@VWhy Anfige 1) comrrdideoqaeeckslad a0f

course, other_means of connecti ng_and, readil epar Nge n w.and fluid
treat ment moddPEd tr‘fﬁ@“?fé‘tug‘%%“le %Er udth cfismfﬂm ;ﬁnQQ lle 3 tgqsfb%?é ‘on the

f aci ng panel soofrdlhencdoh¢ r 86 RBy an(,:ﬂﬁdlewaeid(‘?’éab%?t %dlﬂoé‘m?{ii Povi di ng

tight box 10 e {40 ei&@éﬂtLYf&eﬂﬁJeafE!c@ameﬁéL&Lﬁan%@o@r&dl 28vald. owsLimr easi er
-access to the control and fluid treatnent. nodul es 26 and %i wg%r
0 or

general |y, pra&oREiestf Bpdulgsdidehouassi tisabieley - Sor® dl TP HeX
exampl e, if atfiidipk6cessenyitates pInegquired for control nodule 26 only, that

modul e can be r emvedgé‘{';é;@?“&o&ﬁ%“bé'ﬁ% rfggpa/agreggﬁgnttr ABSAQN bg Ofayt he

entire |light box 10 n Fi , the exterior_of control
-10- nodul e 26 romtladdet ia Ebntsoe b%HFé-FQB‘QJtI é&a?eQquﬁri‘?‘?eeF]P‘Eﬂﬂ“e’bﬁ“ li ght

box 10. .Cont rgl sh@RChn 3id.nel ULRS, ade GlesplBY s‘éﬁiﬁ&:lle(Sﬂodu&HQh Gacrdiut not
e Lo, D S P O e SR
process. -Al sphysidaltiedeariehied when light box 10 is in use, but may be
" separated as shown in Fig. 2. In one embodiment, control module
‘26 and fluid treatment wodule 28 are held together, in part, by
a draw pin 30 (Fig. 4), which holds together interfittingr parts
of the modules. Altermatively, modules' 26 and 28 may be held
together by captive fasteners 31 {also shown in FIG. 4) with or
without draw pin 30. Control module 26 and fluid treatment .
module 28 may be separated by removing draw pin 30 and/or
turning of fasteners 31 shown in Fig. 4. Fasteners 31 may be
~accessed by remc‘;vin_cj door 24 (shown in Fig. 1} in side panel 18.
'0f course, other means of connectfng and readily separatlng
" -gontrol -and fluid treatment modules may be used, :anlud:.ng,
' matiﬁg clips and . slots on the facing panels of the control 26
and flU.ld treatment module 28.

Providing light box 10 in two readily separable
modules 26 and 28 allows for easier access to the control and
f-luid treatment modules 26 and 28 and, genérally, provides “for
‘easier serviceability of light box 10. Foxr example, if off-site
.~ gérvice is requirea for control module 26 only,. that module can
‘be removed without requiring removal anc_i transport of the entire

~ . light box 10. . 7
- As shown in Figs. 1 and 2, the exterior of c_:ont‘rol




control panel 32 of control nodule 26 is a key pad 39 to allow operator
control over the process and/or for data entry by the operator. A
different keypad 39a is shown in Fig. 29, which is a four-by-four matrix
with 10. nunerical digits and the * and # functions, such as the keypads
typically provided on tel ephones. Additional neans of data entry are
provi ded by bar code reader scanner 41 which, when not in use, rests in
slot 43 or a scanner holder. A trough 45 may be provided for the coiled
cable of bar code reader 41. Alternatively, coiled cable of bar code
reader/scanner 41 may be routed throughH®he rear of scanner hol der 43.

Control panel ma# al sq include the on/off switch 35 for li h;tmtbo 10. The
interior confGARH Lo rTEBIfEFoR FOHIPL B¥<Ar &4 HEREFAI 1Y Hiowd®Th Fig. 4.
Control noduliagB6 twixl Lot ypCeairoy paned| Qgleimripdegr ameisbbavr srepr cdessor for

operation of Juicghtas,boﬁut 1004 NekidicRg eenthal,cpr Qg ﬂwgfd&ni%r&Zdﬁ@d menory

~ devices such "as random access nenor (RAM) and E for the system
program st orgagebisad. notrxFBRkt 30 néimu'f‘?ﬁlcﬁhckl-’lfﬁ”f‘%rdt"& sFBra'é@.

Cont rol noduldg@e2:difbyYeddidife rcheNldi@end) jrocead.i Onlés amsldodetewitid f or

converting an AC i.nput valtAge t DC.control_s o e for
mai nt ai ni ng Icé’ﬁf%’éogle%%(?lr g%t Wi ?%?ﬁglac“gg‘ﬁ) eabqlsehsla:{%e?g]p %{)r}'g’mzE i cal devi ces.
Ot her conponewesatgict Aprtrodneyey thappkAcesP Rafdyr | fidl Gae2 potey Byipidiey 167,

i nput / out put PEar 33 A AHrS PR WREyHa8l §da TRAMEM3d Hid.t 25 cdmpassist hrough
34b for use wth an external, |i &ht i ntensit %hs Nsi ng_devi ce*and‘__1 filtered
out put pass hrEGHERYIHRET. mebpr 8 tholfl B Chhy 498 L8 a¥Ht &8°f or “&bhnect i on
to external foacpenentsiciuch the leeywprinttgpi&Q0y gdevgded Hn thlaphigies.par al | el

and/ or seri alAdEQ%itc’Z%?i]'%angé%f @Q/aogngJYGa(:gi”%w%@d W%Qr asad Qe@d'érabel

printer throug , Or to a conputer rinted circuit board
(PCB) 602 or screperefhrifitieh, tyepmdtt herdige epts Yoo 2L CohpfiiR™Ie*PCB 602
can receive Galided.’ Of dde@gis OCh) bel PEIVIMER TS, ) kol ¢ty chbe opasat or at a
treatment center to .retrjeve |j

As will be SBPFedFaEd by oné %ffeg{’)%}'%%]yrg%ﬁlregl n%@%??oﬂ%e\r/rﬁ%ﬁ: %gd'zegcrerg;res.
al so i ncl ude rebéer/scompondit segubh asuteddithirowall the ritasd @t Agppner
" holder 43. Control panel may alsc include the on/off switch 35
for light box 10, '

The interior components of control module 26 are
generally shown in Fig. 4. Control module 26 will typically
include a programmable wmicroprocessor for operation of light box
10 including central processing unit 27 and memory devices _such
as random access memory (RAM) and EPROMS for the system program
'storage and non-volatile memory for back-up .data storage..
Control module 26 may further include an isolation transformer
29 for converting an AC input voltdge to a DC control system
voltage and for maintaining leakage current within acceptable
limits for wedical devices. Other components . ﬁithin control
module 26 may include power supply 167, inplit/outpu_t board 33
and a-power iﬁlet module 34, filtered pass _throﬁgh'34b fdr use
~with an external light 'inte'nsi.ty sensing device and filtered
output pass through 34a. . _

‘ Control module 26 may be adapted for connection to

e;xternal componenté such as a printer 500 (Fig. 14) through

'parallel and/or serial ports 612, 613 and/or 616 (Fig. 33) (suc’h"
" - .as to a label printer through a serial pdrt), or to a computer

printed circuit board (PCB) 602 or, for example, to .an Ethernet-




boards shown in Fig. 33. Wile Fig. 14 illustrates one enbodi nent of an
el ectronic control systemto |light box 10, the preferred enbodinent is
illustrated in Figs. 33-35, which are discussed in detail below Turning
now to the fluid treatnment nodule 28, as shown in Figs. 1-3, fluid
treatment nodul e 28 includes front door 36 which when opened, allows for
i ntroduction and renoval of the biological fluid into. a fluid treatnent
chanber, as described in nore detail below. The front panel 17 of fluid
treatnent nodul e 28 may al so be opened to allow for fuller access to the
interior of fluid treatnent nDduIe Aslghomn in Fig. 3, panel 17 may

mcludefasteners 7a and bal | te% ng é rn S%L,I%) w front
panel 17 to B8 'op¥ed o mgfuéﬁﬁvpe Csan Ee(é%ld'e Jeher sl {7 sHow the
interior of flhmmhment%atmwmmdwee ca&ramrh it he&s@amptp&ﬁ@ﬁerléwand front
panel - 17 re@@!ﬁ%ve%nﬂﬁ%t%ege%&dﬂg? th\'i;, stidliad br&alaBs. madul£128

i ncludes an interior framework defines, in part, a fluid treat rrent
chanber 40 aR§ PPRASCIR¥RsBEr ene»ia REIYRTY ofHdus PR ToLi BRI €0 4P Ty
(descri bed i aisdriacedaidehée|componehbe duchnevaaliti3Balreyrinyed c:ah:byu:be

constructed gf 22 Sid %dymnq;ﬁ%rl a}’l which, W I E;al | ow Hﬂ@tg@@é‘s 19,

support one OF Wor " Addi tilonal | i'ght boXes as Genefa own in F|g 13.
A preferred smbaiipgptiaf ag| a%ﬁ%am@naonqrﬁlpax'%qeeuF%rllSAFu’Pﬁ’hl}Fh 6881

hardened t0 Prbfddhred AbmbBditentd 022/ ihiddst rReEAr M NBids0 B gs,5whidie ddeght
chanmbers 42 and-44 are Ioc g?d]l above and below fluid treat nent chanber 40

to provide FIEEEFERdT PR n of the biological fluid. O course, it
w || be appreciated thaurdunghh0®oxo 16herafluidc |trdetuensi mgleld | 3ht aschanber,

placed in cl & Praxi gty tloaf'fmdt EEALABR GRAIRCE, OlinctufRs O o € | i ght
chanbers di sposed around a fl'uid treatnent -12- chanber in other than "top

and bottont P8 t3fn&ichswherogprea- Fiﬂgkow%f?’l’lr’cﬂ}ﬁﬂd‘g’tlf”llu?l&l teBSYHent
chamber 40 i Sfadaet Qﬂol@ﬂcﬁ!}elﬂhﬁ.df | ititd  carfMiiAg wheatvent5hambdrghtaschanber s

42 and 44 . arg adapted.to rgce&\é d'thL LArapers. 80 p%glgﬂg., Bkuid 14 eat nent
rmdule 28 may, oplo aflly,FT' 't he :
treatment module 28 may also be opened to allow for fuller
access to the interior of fluid treatment wmodule. As shown in
Fig. 3, panel 17 may include fasteners 17a and ball detents
which, when  turned, allow front panel 17 Vto be opened or
removed. _
Figs. 4 and S generally show the interior of f£luid
treatment wmodule 28 with at least ﬁop panel 14 and front panel
17 remoxa;ed. As best seen in Fig. 5, fluid treatment module 28 .
includes an interior framework 38 that defines, in part, a fluid

treatment chamber 40 and light chambers 42 and 44 for housing.

light sources (described in more defail below). The framework

38 way typically be constructed of any sturdy material which
will allow light box 10 to support one oxr more additional light
boxes as generally shown in Fig. 13. A preferred material -is
alumim-im and, in particular, Aluminum 6061 hardened to T-6 or

' Aluminum 5052/H32. ' '
Returning to Fig. 5, the light chambers 42 and 44 are
. located above and below fl‘uid treatment chamber 40 to provide
two-sided illumination of the biological fluid. Of course, it
will be appreciated that light béx 10 way include a single light
. chamber, ‘placed in close pr.oicimity to fluid. treatment chamber or

two or more 1light chambers digposed around a fluid treatment




include a contai ner marker assenbly 74 shown, for exanple, in Fig. S

Mar ker assenbly 74 may carry one or nore markers 76a- 76d for marking
containers, before and/or after treatnment, as w1l be discussed in nore
detail below Turning nore specifically toa description of fluid carrying
drawer 50, as shown in Fig. 13, fluid carrying drawer 50 allows for

i ntroduction of biological fluid into fluid treatnent chanber 40. Fluid
carrying drawer 50 may be noveable, either manually or automatically, into
and out of fluid treatnment chanber 40, Where manual novenent of fluid
carrying dramer 50 is required, dr awet? 40 may i nclude handle 80. In one

enbodi nent , B rrent Oftair léhd q,%rr%lnggboq;r%;a%os‘?& isgfacilitated by slides

82 on either s of h are disposed within rails
86 of framewor k 38 asAbeshogecin | Pigsi- g tgoughafd F3uip CESHALRGel v,

fluid carryi @Hazﬁi{e%\/\&fo 5@ nﬁéptédlcédld&deabé efsultar @hginglemiaees that al | ow
for novenent of and

1req nt. chanb 40. For
ease of | oadll'h%mhﬁaarﬂ?ﬁrfiaﬁ ﬁaéc%nf”é‘? r‘?‘é?%md kol brle(‘); Fogi canq‘f I 5?‘3% FS .
carrying drawed 50.preast abteatned] uddsia 2pi wey. rrgghitontahlait pErrHhes the

drawer.tb be;jlLi dgd dgmy%agé YeoddREP addlibdy Wal REEAWN. fo¥h@xa@1@ tynto tilt
r

drawer 50 downwa particul arly ‘usef ul f or oadlg cont ai ners of
fluid in theFi@per P‘P@‘Fﬁr Bé%%‘%’lv\h'@r Y WPSY AT &1 F@]Fﬁ "5 dP8 st acked
on top of eaed ﬁémeia,rka:sg Sdvawa riefts Fi gefoi8. andyoonef grbaodteawwent ., f kai d

carrying draye 0 Lhaedly to franmework 38 so - that when
fluid carryi ng{}dr%awer ecpl’flgrfg d&%é%% g%‘d is outside of housi ng 12

front -edge of drawer 5’01%99 beore] Fm%flmmcﬁﬂ%ﬁrlﬁte?ne%fanﬂ% a 20-45

angl e, . andprgfsfiabl ¥re306, %’lesﬁ'own-r@nabigowlél | £1uag Qef.rrﬁrh.hlglg dasavet yi ng
dravver, I'ight box_. 10 ma incl ude s o&g | 0 ded Ildh obn§3 u(i?t; when
pul l ed, . -135% @ldg&es et uitBE@IPrYicHg arFowd Pt e tilted
in the mannetesigest idredbabave. Hbid cepedingi @!aﬂWIBy,Sfagasmwmovmeg. SA,

0). The end ionsk BEERREy Bel DB B | A e o e S e fected
to ri ng 83b hreaidisaly ¢hirhen - Where manual movement of  fluid carrying

drawer 50 is regquired, drawer 40 wmay include handle 80. 1In one
embodiment, movement of f£luid carrying drawer 50 is facilitated
by slides 82 on either or both sides of' drawer 50, which are
disposed within rails 86 of framework 38, as best seen in Figs.
8, 2 and 13. Alternatively, fluid carrying drawer 50 may
. include rollers or other devices that allow for movement of
: drawer 50 into and out of fluid treatment chamber 40.
For ease of loading and unloading containers of
biolbgical fluid, fluid carrying drawer S0 preferably includes a
. pivot mount that permits the drawer tb be tilted downwardly when
' fully withdrawn. The ability to tilt drawer 50 downwardly may be
particularly useful for loading contaiﬁers of fluid in the upper
light* boxes where two or more light boxes are stacked on top of
each 6ther, as shown 'in Fig. 13. In one embodiment, fluid
- carrying drawer 50 may be hingedly attached to framework 38 so
-that when fluid carrying drawer 50 is fully opened and is
'autside of housing 12, front edge of drawer 50 may be tilted
downwardly at, for example, a 20~45‘.=‘ angle, and preferably a 30°
angle.
| To allow tilting of fluid carrying drawer, light box
10 may include spring loaded tilt knob 83 which, whe_n pulled, -




50. Rod 82a further includes a spring 82c and spring stops 82d. Wen the
end of rod 82a is coupled to pivot nenber 83a, novenent of ring 83b is
prevented (as shown in Fig. 8A). However, when knob 83 is pulled, (as
“shown in Fig. 8B) rod 82a is uncoupled from pivot nenber 83a, allow ng
ring. to rotate relative to pivot nenber 83a and, thereby, allow ng drawer
50 to be tilted downwardly, as shown in Fig. 13. Alternatively, |ight box
10 and nore specifically, . fluid-carrying drawer 50, may include rel ease
button 300 which, when pressed, allows_drawer 50 to be downwardly tilted
in the manner shown in Figs. 26-28. A&*shown in Fi gs. 27-28, button 300
actuates rod 2, which.is attached t e I .30 . 21s
noved forwar 6?9"6‘8?? éclrué%kca:fﬁﬁufﬂ \?15 %ergﬁgu#f %ﬁ%dér% é‘éégés t‘]‘%%%_ggoti ng of
bel | crank 36He pahher descr3DBd atome ebyioreispeatigraly 1 aschhyawn FEG-fromits
fixed positign oRi1thgnod ek BakorddelfENVALK rof 4d:0RhiBi0Xi sl Qeeaaieasiown) . Wth
| atch paw 310 di sengaged fluid-carryi n? %rawer, 50 may %e tilt eg
downvar dl y f&H%add dfi9oating B (W€ BFoF8Gi 84 19 LTAP EONERIMEPS as
general | y shawtbernsha g.whidh Retatmneoged coFrgey @b atfdaked tardwawey dr aner
50 is generghly 00an.antdiif! Hlsteds Gepbnial FAVLha £8:1h8 Abhow.bor
~ placenent. of "a contalner-carrying tray shown in Fig. 7. nt ai ner.
carryi ng tralf*go thayendeof modgh2a 1di ANPLEAItE BRI PAEPeTdP 2Rne OB 4l t hough,
a renovabl e gpnringt 89 alse@réveayedO(asnyhdieh ipr eigr @b e fwswesasi athegont ai ner

| oadi ng and/ gr .tray.cl eaning.,During treatnpe of . .t iolagical .fluid, it
my be . des]c‘)?%ﬁ)lag t‘ﬁa’t’lﬁt ﬁ‘g' f19 & \C/’\A'g? h"lnn%ftl?ijinéc]a)cé:rofiy?ﬁagbf rél\%gér”%ggdbe
cont i nuous| yfom péyotodedzdr §3agiad deveaat Bingr 69| E2kE Xicagt bfe £AeL1VOBI ol ogi call

fluid and enguifrt hah SHRSt afteiaby) Y &llowdhs t Rawd Ob®gi6alnef | thidels
sufficiently _and uni form ¥1 exposed to_light and/or any photochem cal

agent . "~ Accor abi i - 14~ drawer may be attache 0 means
t. Accor BPWYEYAIY| &% FheWR i FP-- 13- d 50 be attached t

for agitating the biolmgeesdtivélyi dighs Boow iandFingse Sperididdiyf| uid
carryl ng- df aphl 20 R | AGLEAS ANnd0! SRR LA R38R e i diRlso0! B anml e,
provi des si e-10 side bscilTatién o tray 90. Agitation_assenbly may

: when pressed, allows drawer 50 to be downwardly tilted in t e

manner shown in Figs. 26-28. As shown in Figs. '27-28, button

© 300 actuates rod 302, which is attached to bell crank 304. As

rod 302 is moved forward, bell crank 304 pivots around cylinder

306. The pivoting of bell crank 304 pulls rod 308, thereby

disengaging latch pawl 310 from its fixed position on the
internal framewcrk of light box 10 {(not shown}. With latch pawl
310 disengaged, fluid-carrying drawer 50 may be tilted

downwardly for ease of loading of the biological fluid

containers as generally shown in Fig. 13.

Returning to PFigs. 8-9, fluid carrying draver 50 is

. generally open and includes a central cavity 88 to allow for
placeﬁtent of a container-cai:rying tray 90¢ shown in Fig. 7.
" Container carrying tray 90 way be integral with fluid carrying
drawer '50, although, a removable non-integrated tray 90 may be
preferable for easier container loading and/or tray cleaning.
. During treatment of the biological fluid, it may be
_desirable -that the fluid within fluid carrying drawer 50 be
- continuously or ‘p_eriodically agii:ated to provide mixing of the
.._b'iollogical fluid and ensure thaﬁ substantially all of the
"biological fluid is sufficiently and uniformly exposed to light

~and/or any photochemiéél agent. Accordingly, £fluid carrying




include a pair of fixed lower rails 95b that extend front to back within

| i ght chanber. Upper rails 95a are attached to the |lower rails by
pivotally attached link arnms 93a and 93b. The 1link arnms all ow side-to-side
notion of the upper rails 95a. To provide oscillation, an electrical notor
92 is attached to lower rail 95b. Motor 92 rotates a cam 97a. Cam 97a may
be an L- shaped crank or bracket attached to roller 97. Roller 97 is
captured between parallel walls 97b depending fromupper rail 95a. As
crank 97a causes roller 97 to orbit around the notor 92 axis, roller
slides fore and aft and up and down betdeen walls 97b, inparting
side-to-side notion of upper rail 95a. Alternatively, as sho In_Fig. 24,

the agitati ofiras&%sSRbPY PEy2Ftrchadctq FefhEqr| sasby the REURR'H Fig. 24,
the bottom flfaaed. portions of |egs 320 are affixed to | ower rods 322 which

are, in turn, affixed to the floar of t filoui g LT dul €,26. The
top flared portions of L‘f e%‘gwgzﬂl g?‘ b f9i Erg% ,1t0c') %Iué?eg?fg?ﬂ%ﬁi%h regei ves

f | ui d-carryi mgydieslede5en (agid-atiomyas3gyblyadhshowfPr *Ergle 2 PTOVICE 326 s
128 that TocE geet ol Ler 5ap o rotor a0 s Chown 1h beor g, aotor 334

at receives roller . 0 or 4 S i i.0. , ot or

i ncludes a céfifl¥i® 2sRatf .%’§6‘€1’RﬁﬂrgﬂW‘?reEé'f%:§53 (§§¥3§%en€‘aﬁf “fay be an
L- shaped ' r backnaitkiorlighaoketbe:Shafppd4@adls oam 338 ateediefesordiel er 330.
As shown i ”-1855 'rag.?s ﬁlpl&!si%\[?mt%figrbla§t§ghte§eiirﬁcr Qs hedd 2336 0BY. @ The

. predeterm ned di stance. i e appreciated by those of skill_ in the
art, rotatidankfarmanrbeg sifdsckQ-HNeclUdRRr P bt TRAFTahd o vafent™of
rol l er 330. gpecide 6adiiyatical | & 330cSichlamtbore ansdatafachemdoupoweand down

and noves yoke.326 accordingly. sulting if_side:t 0z, Si V. nt of
fluid-carryi ﬁ&lfrggs)p'go T (éqi’r:fe’:"’-@E etc?éi fent, SJrq’c'z)ll'l e?a 305 smggf ggs)et Tom shaft
15 336 by asHaptdarmgeniofonariyakbete Hdankesh ©. BoblRr PTi-nciRoAker Horié
preferably, QagbuledCBESweehhbsrd1asY! W11 Bnt QbRinaths PEakemper £fil

Flutd-carrying (ray 90 oroapprod miely 18 DShes w bl tnl%edl 7

‘axis, roller slides fore and aft and up and down between walls
97b, imparting side-to-side motion of upper rail 95a. -
Alternatively, as shown in Fig. 24, the agitation
_assembly may include I-shaped legs 320. As shown in Fig. 24,
‘the bottom flared portions of legs 320 are affixed to lower rods
32.2 which are, in turn, affixed to the floor of the fluid
treatment module 26. The top flared portions of legs 320 are
" fixed to plate 324, which receives fluid-carrying drawer 50 (and
tray 90), as shown in Fig. 24.
Yoke 326 is fixed to and dépends from one side of
plate 324. Yoke 326 includes a gap 428 that receives roller 330
of motor 334. As shown in Fig. 25, motor 334 includes a central
- shaft 336, which receives a cam 338. Cam 338 may be an L-shaped
_crank‘ _c;t bracket. Shaft 340 of cam 338 receives roller 330. As
- .shown in Fig. 25, roller 330 is offset from shaft 336 by a
. predetermined-distance.
As will be appreciated by those of skill in the art,
_-rotation of cam 338 causes an eccentric motion and movement of
. roller 330. Specifically, ‘roller 330 slides fore and aft and ‘up
_and down and moves yoke 326 accordingly, resulting in side-to-
" side movement of fluid-carrying tray 99-
L " In ome embodiment, roller 330 is offset from shaft’




preferably di sposed above and bel ow fluid treatnent chanber 50. For ease
of serviceability, such as lanp replacenent, it is preferable that the

| i ght source(s) be readily accessible. As wused herein, "readily
accessi bl e" nmeans that access to the light source can be quickly and
easily had wthout the use of, for exanple, a screwdriver or other tools.
For exanple, in one enbodinent, it nay be desirable that the |ight source
be either partially or conpletely renovable fromthe housing 12 and/ or
fluid treatnment nodul e 28. The light source(s) may be accessible through
any one of the front, side, top or bot#dm panels. In one enbodi ment, the

| i ght source re housed in ht. drawers 60 d 70 . S in Fig. 5,
when front pgﬁgl ﬁngth'/noF (ﬂ% arge?weer?f)lvg Fopehdd alnlg\émhr[mrgr awer s
~may be noveabtErgbly.eveis compket elwiﬁenmﬁébbe}nl@t@tahddi-ﬁglaeﬁm‘ffﬂtui d
treatment nodgl £,28. cdrr-gitlg gieé,w%soffigp uzg)c yllgw-qh@w@s.slldes 99 (Fig.

6) attached to the bottomsurface of ravvers and 70, Slides 99 rest and
move on brackets 96 antif Be* fduRey n’(j’cBP%eclf‘é‘e 98 Bref LAFFGIPRESS ‘as shown
in Fig. 5. Lpgbterdohnelispéiékdannovi) andietyelalk sOluidc kuenbandilesbed foor

graspi ng dur IFng E%%er% g@gg?ar?ﬁf val_,.As.she i ed:lag?ml énd'ltgm; dr awer

- 60 and/ or Wo ‘or nore ¢ ers 103
separ at ed byPrﬂﬁefﬁhlmgihﬁﬁl Fhel GghiD) SAYEFRE) WRE| rTEﬂZd?!h AFFASFER1S . g from one
l'ight" chambgsedthekadi, ai'tébgilwlta@céélﬁ_b%heﬂeahs gfatcheddRer to TiheS1ighRSUr es

that the |ight enitted from chI d ontacting the
bi ol ogi cal f PE%RFSi §a§u16%t‘£ﬁtcﬁ 13 coﬁs%%’nthagp Hl%%’l ?’?’on gea‘(): iJfo the | amp
arrays Wt hi exdanpdht shapberdgiddy] @ndtheD3temyp-be qudeqeremkent |4n rAawgi t or ed

and control | @&Jdlﬁa@atcoakrmy bevaiégleagfe tim’:lsuhe"\‘i@&z@%u%é%)é eicteanps is
turned off, the other arr%é remai n on. descri b |n nor e

detail - bel oRATHALLY ng% £Rm ﬁ?etHYClﬂeﬁ?‘fiPlﬁséf‘Eﬂ‘ G\W'Fér’éoutsﬂxﬁg 2 P
cont ai ners ofndidol egéataibnd | ldbehlreeqlarl ngTﬂef flﬁ.r'gﬁﬂt dcaveéss)of ma)ﬂ.6-bet r eat nent

are being treated., Ea ht eLs 3 f h wer 60
or 70 is gen%?cﬁsfsmlE ?ﬁmrjfglégkby odr s%) b Tg % Pa gb%‘t’%& wal I
107. \Wal | s 108nedsd ardg YO mpoqgeemdetw leﬂh'eoa@wes are housed in

light drawers 60 and 70. BAs shown in Fig. 5, when front panel
17 and/or door 36 are removed or opened, light drawers may be
moveable (or even completely removable} intce and out of fluid
treatment module 28. Light drawers 60 and ?d may include slides

- 99 (Fig. 6) attached to the bottom surface of drawers 60 and 70.
Slides 99 rest and move on brackets 96 and slide mounting blocks
98 of framework 38 as shown in Fig. 5. Light drawers 60 and 70
‘may also include handles 84 for grasping during insertion and
removal.

As shown in Figs. 6, light® drawer 60 and/or 70 ﬁay be
divided into two or more chambers 101 and 103 separated by
dividing wall 102, Dividing wall 102 wminimizes light from one

. light” chamber of radiating into the other light chamber. This
ensureé that the light émitted from each lamp or lamp array and

"~ contacting the biological fluid is substantially constant. In
faddition, each of the lamp . arrays within light chambers 101 and
103 may be independentlj-moniﬁored and controlled from control
module 26. Thus, when one array of lamps is turned off, the
-”A_Other arfay-of lamps may remain on. As described in wmore detail
- below, this méy be particulailf useful where two or more

containers of biological fluid requiring different levels of"




with a reflective material to nmaxim ze the anmount of light delivered to
the biological fluid. In one specific enbodinent, where the Iight source
provides light in the ultraviolet A (UVA) range, walls 105 a-d and 107 may
be made of a highly reflective alumnumto provide substantial reflection
of WA light. Such a material is sold under the nane 1500 G2 and is
avai l able from ALANOD of Ennepetal, Gernmany. The |ight sources suitable
for use in the present invention may include any |ight source that is.
capable of providing light of a particular wavel ength and intensity for
treating a particular biological fluidFor exanple, |ight sources capable
of providing white light, red |I%ht infrared, wultraviolet A and/or B

| i ght may betﬁg%ﬂmniﬁﬁﬁt'ﬂ¥€wﬁﬁ§ and 70 may include a single |anp or an
array. of multiple | anpschlod. hghﬂ dhashetshadi it 103 bghiigheumagensp i ncl ude

standard | lugresgent ggx?éqailgv nQaA§9p%QL@ OfadRipid 110 d1aOMthela 2

wavel ength inthe range arrps may be obt ai ned
from Sanko DBetfiom w8ll)apan Mﬁél-b?r 0hea15r éﬂ@uclto"c%ébBLf%*E of igpheotfrter s 60

and 70 may fuysthes, epid@ndd | Yatdrigl UE TaREikE9 cher a&e&m n@f begmes 100

and, nore specjficall nds, of |a lOOa near fllarrents
A shown- i ' Brvegen o tERdSpel AT Tidiy arn ndeBFea®: ARE RAT KUt o 104
housed on sowhete phﬂelllgmc)&ousg@ke’bv1¢9@néightayna¢1@ou$@rawe0bs: & eVt ed.

circuit boar gangﬁoclsﬁls?aﬂ?l a-al90: "Ry h& Wenagsk and }Q%%@?bi-éﬂteetﬁlel ow for

easy access to 1anps 100, easy insertion and renoval of |anps 100, and in
general , eadlWHNERLA PEEHiTe| ’E‘i;bséf‘m‘ﬁaéhfe@re&ﬁk% °§OU‘§'n&’*91€F A8YShéwn i n
Fig. 5 a ponitdRaDfid lasld dndeat BROinamehaniec-40amnd,s hosilzbae it er,

fluid carryi a se ratedfromllght drawers 60 and 70 by
gl ass pl at es%‘j V?Ennﬁ%eta Ge Qr? upper glass plate 110 rests on

framework 38 and is, 'Qf@e‘-rlahtysomleél Fulysbdecfoy wdeariys theo PAEARETE14. A

| ower _17 %@%&&L ah8y 119cﬁﬁearaa@| rlggatp%af&n ofatf | 1 degmingi ng dr aver
50 from | ower ht drawer 70 ma be i ed. d ass Ql at e%ﬁ‘ 110 are
e

subst anti al I?""T"r‘ﬁ Y (SR 6 P tb‘fu ﬁewﬁ?é 8 (FRE AREERS YO
treat nent of thaaliogi ealpaktidudar Pbédlendbily, fyligss For _example, light

sources capable of providing white light, red light, infrared,
ultraviolet A and/or B light may be used. Light drawers 60 and
. 70 may include a single lamp or an array of multiple lamps 100.
Iin one embodiment, light source may include standard fluorescent
lamps or bulbs capable of providing light of a wavelength in the
‘YVA (ultraviolet A) range. Such lamps wmay be obtained from |
Sanko Denki of Japan under the product code BL352. Light drawers
60 and 70 may further, optionally, include faﬁs 109 for cooling
lamps 100 and, more specifically, end_s of lamps 100 at or near
the lamp filaments-. _ v :
As shown in Fig. 6, the ends of lamps 100 are
inserted into 'éocket:’s 104 housed on socket panel 106. Socket
panelfmhay' also serve as a primted circuit board. Socket panel
106 ma}:r be hinged and openable to allow for easy access to lamps
100, easy insertion and removal of lamps 100, and in general,
" easier serviceability of light drawers 60 and 70.
‘As shown in Fig. 5, a portion of fluid treatment
chamber 40 and, for that matter, fluid carrying drawer 50, are
' separated from light drawers 60 and 70 by glass plates 110. As
shown in Fig. 5, upper giaés pléte 110 rests on framework 38 and
" is, generally, held in place by clamps 112 and 114. A lower




"plates 110 may also filter unwanted light. Alternatively, a separate
filter may be provided for placenent between the light source and the
fluid treatment chanber 40. in one specific enbodinment, where treatnent of
~a biological fluid with UVA light is desired, glass plate 110 may be
substantially translucent to wultraviolet Ilight within the range to 320-400
nm but not translucent to |light of a wavelength of |ess than about 320
nm  Such glass plates are comrercially available from Schott d ass of
Yonkers, New York under the product dealgnatlon B-270. As set forth above,
fluid treatnent nodul e 28 may optlonally further include marker assenbly

74. Marker %H?' gtre apgélg %%t%n T £ JTBr KeLs gaarzlﬁgrfﬁr mar ki ng

cont ai ners WI h| n Atent —chanber. One or nore-markers 76 may be
provi ded to rfEPR %‘E&’ﬁfa]r]rﬂé‘rtsdﬁtwea‘l F? SFENPLE Rednptudele  Elasst ABHES Mar ker s
76a-d may be ﬂunab@ssxfb%mauaﬂy rhg:ahei&&nt nt® 1fgh|aorotf| @Re Ofva\tehengmﬁt ai ner

such as the contajner fl & cri 2098,
which is |nco"rsﬁé !fﬁ e "By ’%Fg'-}‘%} en%eg %olge?arr}aglleé v, Pre%era 1y p?%‘ er abl vy,

mar kers may lm@atet alrtpemsyf@lsmtaﬁpﬁngumgt«ghakmt por piloeragivelycomlt ai ner

W th ink. Sueh.fREKE 1%l RayC QETEFSIiakd yfoévaul&meﬁt feRkdd Qgiat 10dne VeI S,
Austria under the product nanme Printy 4911. As shown in Fig. 11, marker

assenbly 74 r?é’?r?%(ﬁnﬂdé'fhﬁ EHpiGE dmeplrst fhesSs Pe a-1 f‘?ﬁ‘re FRERIHS a
plurality of emb@dmmmemhemmre@ndntf@? anbicibates clutcheith gve 1ighat nent .

Mar kers 76 a- g ARY: 08, ggtlgéﬂelqta rg%etsd&an\e@aﬁ@, wig.l.m@ént 3o slide

114. Slide 114 s susp ed Trom and vabl e w trac which is
attached to tReravierst obighfandfBik 8B ofang9eghte bdxC 498, "PhudPUthdntire.

assenbly 74 gafndiecwid kdr aighe bf @mwfabbualgtm reratleentcnandabait2824 am.r ei nki ng,
repl acenent %f mar kers 7

Fi 5. As
shown in Fi g "§2, glas%a%]f?%eﬁd?@e dir: S{‘rﬁ?% e’fsa%%\i%gb fag 0 el

uni Udes. %5, harker drive
notor 120 t hatt mese,nﬂcﬂxéfpskmdlp la:ﬁdpmﬁactcﬁwmndtrlgugﬁﬁ@éar 122, gear

124, lead screw 128, |gadsdputsoleh, apd¥edCkelial3Qa0rbnePbBGicl 3% dpvement of
gears 122 and 124 _actuates novenent of |ead screw 128 and caus gﬁdownward

and/ or”  upwaiCBtHRRREhERITBIST dBE G "APET BRREReY Tho HRETOASE tly

74 may ¢ include one oxr  more wmarkers 76a-76d for marking
containers within fluid treatment chamber. One or more markers
76 may be provided to mark containers at different gtages of the
:treatment. Markers 76a-d way be punches for punching holes into
a portion of the container such as the container flap as
" described in U.S. Patent No. 5,557,098, which is incérporated_by
reference; .Alternatively, and more preferably, markers may be
;stampers for stamping designated portions of a container with
“dink. . Such markers are commercially available from Trodat of
Wels, Auétria under the product name Printy 4911,

- As shown in Fig. 11, marker assembly 74 may include a
plurality of warkers 76 a-d for wmarking a plurality of
containers during different stages of the 1light treatment,

' Markers 76 a-d may be attached to a bracket 78, which includes a
slide 114. Slide 114 is suspended from and movable within track
'116 which is attached to the interior framework 38 of light box
106. Thus the entire assembly 74 can be withdrawn from fluid
treatment module 28 for reinking, replacement.of markers 76 or
-for general servicing as shown in Fig. 5. |

As shown in Fig. 12, each individual marker unit

includes. a marker drive wmotor 120 that wmoves markers 76 uﬁ-and;




marker 76. Fluid treatnment nodul e 28 includes bl ower 134 which provides
air flowinto fluid treatnment chanber 40 and fluid containers and thus,
provi des for tenperature control of fluid treatnment chanber 40 (Fig. 5).

Bl ower 134 receives anbient air through an opening in bottomwall 16

| ocat ed bel ow bl ower 134. Blower 134 may be provided with a filter to
prevent dust from entering fluid treatnment nodule 26. In addition to
providing air to fluid treatnent chanmber 50, air from blower 134 may al so
. pass through opening 136 of fluid treajment nodule 28 and a perforation
or opening 136a |n control nDduIe 26, 4% seen, for exanple in Figs. 2 and
4. In additign i ek el qulzs Z%agagcg% REQVI %q Wi Rogn air flow
sensor for noni or|n PG m)vé nt sensor 135 may be
| ocated at bresher 1384ap¢ $orieBodad2 pr oXPYRUeytt REr @%’fﬁ nlzle dd £etat ment
rmngul e 26. Aa&ameega&&ﬁae&erbioaeéé%ndgbﬁpmdnancius@bt abmwal@ amyeses the

anbi ent tenperature. Thus t ergfure.rises

pr edet er ni nedFY eg‘%‘?“}fnfeﬁ% f'%at%tnélt I‘L%ﬂ ﬁrggkm goccur c?nsﬁﬁuen%\IY134
fails, the tmeetenem. procedure wll be term nat ed and the contai ner of

bi ol ogi cal I uids Willp,0e FBECKREhOTmdadentdsf g8 uBHsab! 834 Raishini ng 10
the fluid treatnent nodul e 28 and nore speC|f|caI f|UId?P§€ ng dr awer

50, as shownPFoVigegsai% &iay ipso £igtd ATy <GP iMéfude a
tray 90 for _bohliingrs aird elusDpeocRbafoerenpérdruot ogircabl f i uidray 90,

shown in greatgnja ych Sodd qge%dl\@ t El n tﬂ@w&a\ﬁl} yre%%lgés ga}?ng %rltu'aQrcagr)" ng |

-drawer 50 (Fi one enbo
pl astic mat thmuShV%r@epﬁ-ﬂS biﬂoPe@“rQ'}‘alwaH Lﬁsd 1P§a‘3tefie§%‘ﬁ“ Heses th8- si des,

lthehm)l ded gbg&érc 1§r@tr€aryl ak %gcguhdab@m;suf fﬂme&ntb?/piéfmsl aeanterba t he

i ght provide I or. tra

i ncl udeacryl F¥ ep%f‘?mglrus‘%ngﬁ?‘?tﬁ'gnt pot %’1??1 5t haélglélf G & chﬁn? nmenber s
of the pol yohef ite £19id faedtmgns udlanbsr B8t hqixpén@leﬂvéoeglpdli\ylmy adgeh

TR CT i Al S AT G AVALAD] Coleh IR TEY SOUAGES LRGIUSMNONAURO badusarhes of

Rockaway, New Jersey under the product nanme ACRYL r) OP4 or  from M tsui
Pl astics of WPeFfcgafrion; RE, °WS’0H@auﬁﬂeF°”ctﬁ81rl%ﬂﬁ‘B ¢ 2d) asdedl, sor
- example in Figs. 2 and 4. In addition, fluid treatment wmodule

26 may be provided with an air flow sengor for monitoring air
‘movement. As shown in Fig. 5; sensor 135 may be located at
blower .134 or in close proximity thereto in fluid treatment’
module 26. A temperature sensor 135 disposed in light box 10
senses the ambient temperature. Thus, if the ambien_t:
temperature rises above a predetermined threshold temperature,
such as may occur if '-blower 134 fails, the treatment proacedure
will be terminated and the container of biological fluids will
be marked or identified as unusable. ?

Returning to the fluid treatment module 28 and more

specificélly fluid carrying drawer 50, as shown in Figs. 5 and

13, fluid carrying drawer S50 may include a tray 90 for holding

one or more containers of biological fluid. Tray 90, _shown in

Fig. 7, may be placed within the cavity 88 of the fluid carrying
'.drawer 50 (Fig. 8). Ixi one embodiment, tray 90 may be made of a
molded plastic material. Where the biological fluid is -treated
‘from two sidés, the molded plastic material should _ be .
sufficiently translucent to the light provided by the lamps 100.
‘Suitable 'maﬁerials for tray 90 include-acrylic¢ polywmers such as

. polymethyl methacrylate (PMMA) or mewbers of the polyolefin.




"TPX. Where one or nore containers are to be treated, tray 90 may be
divided into a first portion 180 and a second portion 182 separated by
dividing wall 184. As shown in Fig. 27, at least a portion of dividing
wal | 184 may be made of or covered wth a reflective material of the type
descri bed above. In a preferred enbodi nent, the portion of dividing wall
that separates first conpartnents 188 (described below) is reflective. A
reflective divider provides inproved and nore uniformdistribution of
light to the fluid containers. As shown in Fig. 7, tray 90 may include
retaining tabs 186 for placing a sI|r18r ot her aperture of a bi ol ogi cal

fluid cont ai@ 206 over tab 126 to 0L oveme t of t J%QQt ghger W thin
tray 90 and “BREWr eYHRat®$ hBRY P%’ftﬁg? |sps St ant"SF | Vavﬁ”i fhe fiel d of
l'ight provi dedaidpbléie. frbinghtanyous@eceThelngbhdimg ofYROr ayndGtrigsouPtl be

sufficient t goa&lwg%at Né&ﬂﬁrsk{?%@d&' rtﬁevﬁi‘élﬁ%toi’lam@| ﬁ&RQﬂi‘ﬁZ@l Oi)h Ubﬁi

contained within the containers so as to mnimze the risk that, in the
event of confEPhAHtPBLKBRIFETIcY jqfuiaith |Ladber MeYwYaHY ERT athe PRle

el ectrical amgknechanical conmponents of |ight box 10, even during

agitation. where the biuol.gl.cal. COUALINLLSPALL £ AN RLegkaLed 1 uid

processing set, tray 9 artnentall ze provi de separ at.e
conpart nent s 99 orayt ke d’C’Gﬁ?‘él g %urﬁié’ﬁ@tﬁ‘ﬁ@l‘?fr eléf’né‘i‘ﬁ aoﬁe‘fch’é BHEiRANd, and

the remai ndegs OdepdrPQdd |H9vn d@tuda.h? mmallrsder)mf sm&m dhspasablie aprocessing
0

set, on the other hand. | e AR AN ortion -
180 and secoﬁﬁasﬁor"“t P8’F|t1f§2 ga‘@ﬁ"ﬂﬂﬂ Cfa n‘pe f"?’ét C(')“r?p%r Eréht € J§§ (gnd second
conpartment #9h sepafa¢advbymatgirégomns rt@leuSymaldesm@edFﬁlP% cofpart ment 188

may hold a gp AL08" Rhbolinedi Cale fben,qc%OG @ndalwb@lr@ecqm cempartment
may hold the remainin nponents of "'the fluid %proc;esmgtg%?g%t A slot in
ne

the wal | 1923%R?€Gﬁﬁ‘bdagé?tt hefMaRT T Ehat 18 nnédtssritng %206 with
t he remai ndef:eﬂfect‘.h& di SpOS@ﬂJe@tW&OQﬂSﬁﬁé}g pﬁﬁﬁ.deél_hﬂnp&bﬁd rend aos® assi st

inlimti ng nt%n.s%rlb :colr}reglh%lgtoﬁo\é\% lf’ 4 f?u:{c{ %XnLQaQneJar ayhg %hgtmsecond

conpart nent € contalner retalning tabs or
pegs 193 to h@|Rj.g 7., tray 90 may include retaining tabs 186 for placing a

slit or other aperture of a bioclogical fluid container 206 over
tab 186 to limit movement of the container within tray 90 and
ernsure that ‘i:he container is substantially within the field of
light provided by the. light source. The volume of tray 90
should be sufficient to hold at least the entire volume of
- biological fluid contained within the containers so as to
minimize the. risk that, in the event of container 1ea.kage,'
1ligquid will overflow énd contact the electrical and mechanical
| -components of light box 10, even during -agitation.‘
Where the biological dontainer is part of an
‘integrated fluid processing set, tray 30 ‘may = be
compartmentalized to provide separate comp_aftments for the
contamer undergoing treatment on the one hand, and the
-rema:.nder or ‘a portion of the remainder! of the disposable
" processing set,- on the other hand. As shown for example, in -
.F_ig.- 7, .fix.*st. portion 180 and second porticn 182 each include a
first compartment 188 and second' cofupartment 190 separated by
. -'discontinuous' ‘wall 192. First compartment 188 may hold a
container of biological £luid 206 and the second compartment may
'hold the remaining components of the fluid processing set. a

- glot in the wall 192 ‘accommodates : the tubing that 'co_x'mectS'




in place the containers in the second conpartnment and/or limt novenent of
such containers within tray 90. Alternatively, pegs 193 may be | ocated on
drawer 50, as shown in Fig. 26. Wen the tray 90 with di sposabl e processi ng
set is introduced into fluid treatnment chanber 50, container 206 within a
first conpartnent 188 is positioned substantially within the field of

| i ght provided by the light source. The renai nder of the disposable
processi.ng set and/or containers within a second conpartnment 190 are
outside the field Iight, preferably heEQ in place by tray cover 380,
described below. In the enbodiment whére marker assenbly 74 is provided,

containers w Brtfﬂa@néxecﬂﬂid wﬁgrrpﬁgtf@,'aanée%ﬂ R @nd! hoged.sHbSLABLL ALY \r/]w th

mar ker assenblé/ 74 as shown in Figs. S. Thus, the status o
t r eat ment be TPACIICAL BY 8hSQ H‘ésb‘%théP E&Htté’i‘%é’Pge‘Eﬁ“ttﬁfe SFREREESi ng set
within the sec@ndtﬁmrrr&rayrmmi hQbego A ketshd/ Gofiphrmédt 130 efrhmiyrrent

where the |i does lude _a_ narker. ssenbl ‘
i nclude a CO\E}e"F %‘ﬁ f The' ey‘f)‘r"en a3 %.V\ﬁe'fahmlffl ta%%oﬁé)e verwgéﬂ? %ol ds in
pl ace cont ai Arrslacy F’m reonsareds c dmpidhet searnd FPupaeEmehpvind/ar FigRit28, cover

380 may be RbngRAt YortbhatRedrdiReds awealéftrapdgcfl I ﬂP@éi’th\_v’ﬂIelqu{Hé@rtnentS
190 prior to_the |IIuH10nAt| on process, shown.in g%ﬁa cover 380 may

i ncl ude | at ch°383Y B9 %%tfﬂr?%ﬁri%VeFosgﬁ oo H’flﬁg 184 of tray 90.
Cover . 380 may al so i rddendeha ptaygr abi Wytmfdmpesahleesr@&ésadxg geed iwi th  bag

pl acement seg oﬁué&f“iﬁéé Q‘iql@%lrgwmen@é/ﬂmbggosoca@omlﬂgp‘?zoso‘fuéﬂ}{ sui tabl e

material which is not translucent to li rom sources. Preferably,
cover 380 i s@®nhHEtoromarkieitimlep; gﬁtp%éil‘i’@dnﬁybﬁ?@ltw]ewsé’h%% %8y
detecting deidar eﬂtlfghlﬁdbirdnﬁ.ﬁ%dk}fltﬂg 1fge1tprseﬁf@at Mené ﬁﬂ\dlﬁde&‘a'blﬂ'ent
processes. The sensor reI 2y, nals to.the m rocess( f l'i ght
box 10 that Pté TR |n Eésoln r 8T° (e (fél s Hl Q S%%(aﬁpl ein
Fig. 14, senswisr{weny. 190103¢e a@@)ids et Zieldiljghts Hﬂ@ﬁ@{@mth@dsensor

i nput / out put. ﬁs&r@yB%rM &vert BaRS| Rlsesiddde rehonal tit ehed dBb@Blenthat is
understandabf m croprocessor 160. The conputer alert thec% rator,

ei ther by aﬁhe&ﬁdf“ﬁpﬁ’ Iaﬁﬁ?ﬁbai’ &% rvihs PEGRIR ¢ ﬁ@nﬁ’?ﬁfﬁy"”s‘: FBeft The

' compartment 190 are aligned substantially with marker assembly
74 as shown in Figs. 4 and 5. Thus, the status of the treatment
may be indicated on the other containers of the processing set
within the second compartment 190 by markers 76 a-d.

In. an embodiment where the light box does not include
a marker assembly, drawer 50 may include a cover 380 of the type
shown in Figs. 26-28. Cover 380 holds in place containers
within second compartment 1926. As shown in Fig. 28, cover 380
-may be hingedly attached to drawer &0 and flipped over
compartments 190 prior to the illumindtion process.
_ As shown in Flg 28, cover 380 may include latch 382
for securing cover 380 to dividing wall 184 of tray 90. Cover
380 may also include a plurality of apertures 384 aligned with

. bag plécement sensors (described below). Cover 380 can be made
of any sﬁitable material which is not translucent to light from
'1lght sources. Preferably, cover 380 is wmade of aluminum.

Light box 10 may include sensdrs for detecting
differeﬁt .conditions during the pretreatment and treatment
'processes. Thé sensors relay signals to the microprocessor of

~ the light box 210 that is boused withiﬁ control module 26. As

shown for example in Fig. 14, sensorxs {e.g., 404, 430) =send-




operator may, in response . to the alarmor nessage, take action through
keypad 39. Alternatively, in response to certain alarm conditions, the
control system may be preprogrammed to automatically take action, such as
atermnate treatnment, if necessary. For exanple, light box 10 may incl ude
internal light intensity sensors 404 for neasuring the intensity of |ight
provided by the lanps 100 to fluid treatnent chanber 50. In the event that
the light intensity provided by lanps 100 is insufficient for the desired
treatment, ‘sensors 404 send signals giough i nput/out put board 33 (Fig.

14) to mcroprocessor 160 as descrlbe above. In one enbodi nent, |ight

intensity Senél%§15404:h ocg%,?&rw Emﬁ/g%%)uél g%?&pangght 8}&1 and 103

of light drawers 60 and 7 r awer

and/ or 70 i nelngkatgs| F’gﬁtsﬁ%ﬁénéiﬂw & dREwt stt!i‘léass%rr'éﬂi%ﬁr&e?‘déhl% ey

under si de of zﬂfc&\ﬂ@foc@ﬁboﬁ.‘ndbor 7 0ThAScompenua bneﬁsgthﬁaoper&ﬁbﬂsse&BMJ:y 402

i ncl udes two or re L sensqrs 404 attachgd ntt er';?L 1and Iacead, V\A,I,hl n.
sensor w ndov%y ﬁ‘BGa ocat ed°Th Thé "BBtromha 075 Favers "60 and/or 70.
Sensor w ndowered@er akyovid irghpordseote| Hrp21400 qrompats@en htaligglaehivh cont act

sensors  404..;98RG0%e 398y ANCHOE @i b‘in“?@ébo\%é ht&%%r@éu{@ieﬁrm filters
to filter out unvvante light. Mre speC|¥|ca where light' box 10 is

used to acti VP& H%Bhot oTRem BT Ayefyste I‘Fﬁi/’ 'Be REPFEHTE Ehatt he
filters used dmoasdosiat i Ghewathieensoes ad04 hawenatavaxreatmesensifti vity in
the wavel engtj.Langs g that substantially matches the wavel ength range

wi t hi n which the particul ar photochenical agent is nost effectively
activated (i.e., the FaetamPlouddahy bornids mgy| Pigdvdenidsesrdodighy det ect

the effecti VQ@@§§SJ.Q§I &Bﬁg&%he{mcatolacahéa\éah@ ttﬁenﬁiﬂeﬁsw ar erigneai | abl e,

for exanpl e, r Qpac ndu i.es C X yn part
nunber 61120 prﬁvﬁ gl }gy s 1] g‘%)cf F]oulg ﬁatgevafﬁﬁ'?i/e OPJSOEI’CG such as
Schott Techniavaht Gthss d;he Dtirlyyéa lnﬁemyl viov édedA Py uildmpar ri@p ngsdr awer

sensor 144 Mgy PericReldse cHeOhe MRRL OFdaREedt)CsR0RNET 28k Qbnd |dibshacar ryi ng

dr awer w thin
through 1nput/output: board 33 (Fig. 14) to microprocessor 160 ag

described above
In one embodiment, light intensity Sensors 404 way be
located within the light chambers 101 and 103 of light drawers
60 and 70 (Fig. 6). ‘In one embodiment, light drawer 60 and/ox
70 include a 1light intensity sehsor subassembly 402 oh the
underside of drawer 60 and/or 70. As shoim_ in Fig. 6a,
subassembly 402 includes &twoe or more senéors 404 attached
thereon and placed within sensor windows 406 located in the
bottom ‘wall 107 of drawers 60 and/oxr 70. Sengor windows 406
‘allow light from lamps 100 to pass fthrough and contact sensors
404, Sensors 404 may include or he used with one or wmore
filtérs to filter out unwanted light. More specifically, where
1ight* bBox 10 is used to activate a photochemical agent, it may
be desirablg that the fii-ters used in association with sensors
404 have a maximum sensitivity in the wavelength range that
.substa.n{:ially matches the wavelength range within which the
- ‘partieular photo-chemical' agent is wmost effectively adctivated
o (i.e., the “action curve*). This allows sensors 404 to detect
the effectiveness of ph_otochemical activation. Sensors 404 are
o ..avaiiable', for example, from Micropac "Industrieé, Inc. of

"Gar-land, TX under part number 61120. Filters are available from -




fluid treatnment chanber 40. Fluid carrying drawer positioning sensor 144
ensures that the drawer 50 is in a fully closed position and therefore,
that containers of biological fluid are substantially within the field of
i ght provided by lanps 100. |If the drawer is not in a fully closed
position, sensor 144 sends a signal to the m croprocessor, alerting the
operator and preventing treatnent from proceedi ng. Light box 10 nay,
optionally, further include tenperature sensors 145 for either directly or
indirectly nonitoring and neasuring the tenperature within fluid treatnent
chanber 40. Tenperature sensor nay be @sposed within the fluid treatnent
chanber 40 or, as shown in Figs. 4 and 5, may be, disposed on the exterior
of 1ight box21¥2¥iEtiessFR*EMe B éﬁtSChPE?rp’jeﬁFﬁP’cﬁaé agsh 5o OPE e
envi ronment . pERksy@xamipl.e ~9. anbi ent tenperature sensor 145 may be | ocated
anywhere on the surfac .11 ght .box I ogdi fs own in
Figs. | and 2, anbien ?Lur%gercgf%}ﬂggsg%ag"gf %3@2}?3% algéd at 18?%1%3 contr ol
nodul e 26. Afbr empnitonpes athe erwdbion USEPHEVI@ESYHY HUPEarIBH0f the
ai r tenperat yhig; Pei-Bgekl@hi ¥Rid-t 06| Ui Bluilir eyeRd @haabepodiyibliovwer 134,
In the event that the te er%ure all.s. ouééi de qf a predeterm ned
tenperature FEMERE, 14Eh&EMEWHSe e o e ST nd8r *efds "a gi gnal. to the
m cr opr ocessepsasiogeast ahkyedescrileedcapevasranoif chicllogital tfeid gyyer at or
t hat t.he terrBEE%aHE?a]!l% %Pﬁ{l‘i&a%ﬂé NG 90 Qf"sli%Eeﬁfiﬁd.Ldé& Shy |l'aﬁb§ +100.
Accordingly,. the operator and/or i1nstrunment may take,  further action.
Addi tional . 1§efBordrargy Be Provitied, fyld¥ GEI?‘?FQ’yé’C'Sé"e’rPé‘or SPBTC ot t or i ng
t he agitati OBefdD\E deghdly tbhehe agbidirbedssors st yng Ithe avpetabadiament  of
i ght box 10_that  :includes ker _subzassenbly 74, sensor . 430 may be
attached , t o P*REFRE?I Ccé:ﬁdté“s??gﬁ%ﬁof} I?rzf’,ceggl %F\own in Fig. 11A, and neasures
nmoverment ‘of . the agitabiaht abeenidity sescrichetrrabbye. fUEther . dnebuenent
where te M %eﬂp\ejra‘::ure' 23enddr@Nt1480Xsk0 do@frNOlidebel ydermikakesily- assenbl y
74, sensor 430 may be attached to marker subassen{g]ry 74, 410..9pe
enbodi ment , monitoring and measuring the temperature withim fluid %;:jea ment

chamber 40. Temperature sensor may be disposed within the fluid

treatﬁent chamber 40 or, as shown in Figs'.— 4 and S5,

‘disposed on the exterior of light box 10 to mg‘__asur;e th
temperature of the outside environment. Foxf;:-;}_--,exampl
temperature sensor 145 may be located anywherg'_:;g_é;t; the
light box 10. In one embodiment, as shown in Figs.
ambient temperature sensor 145 is placed a.t or mne
module 26. Ambient temperature sensor 145

indication of the air temperature being aéiivered_'
chamber by blower 134,

treatwment

the ‘ambient  temperature sensor sends _ i ot “the
microprocessor as generally described -above, .which alerts the

L .
operator that the temperature is approaching or has exc ded its

limit, hccordingly, the operator and/or instrument

"~ further action.

- Additional . sensors may be provis

-sensor for monitoring the agitation providedi} th @g tation
* assembly: - In an. embodiment of light box 10 that inclu es marker

- sub-assembly - 74, sensor 430 may be = atta ,ec-i_" marker '
. subassembly - 74, as shown in FiQ. 113, and_‘li.‘ '
- the égi’tation' assembly described above. I




sensor 430 may i ncl ude an |nfrared source such as, but not |imted to a
light enmitting diode (LED) or |aser that contacts a selected reflective
portion of the agitation assenbly. If sensor 430 does not detect
reflection or does not detect reflection at the predeterm ned frequency,
It signals the mcroprocessor accordingly. A preferred enbodi nent of a
noti on sensor arrangenent for the agitator systemis illustrated in Fig.
27. This agitator notion sensor includes a light emtter 386, such as a
lanmp, a light emtting diode, a |aser diode, or the |ike, disposed on one
side of tray 90. An aperture 388 is def2|3ned through one edge of cover 380
and a |ight qgé ﬁ?%be?un%ré ar§ 1ude Qhag'ggé %u.glg) etnb C}Tlio éJn§Q§I4S,Et00r
phot o- mul ti pl7i ﬁ( I spose posite side of
cover 380 frolmfth% aqtlagh?d eifi megker3ggbassreh “pH-t ur@ @88 F'qudhm%ﬂq ‘gnnent

with I'ight” seﬂéﬁrtt@b IBG q&dwaet herd 1 G2 B0 e6dRbe 388ch awr |lﬁ:ft &lct ronic-;
,. pulse wl generzralted t% l?‘ht detect or 385 when Se -
transnitted thl'P PEGhtafert et 8 Fioght Y et S@%Bthaﬁa%c’é‘&a? $ 3 ypon the
rate of pul sesledtkd spébertdeagbtttonorpfcarhehedgitdtion dadsemhined o
confirmed. Alséﬂsof f4:ﬂP Bﬁu_sseﬁotar ge{e%@elfé%(iiecﬂlton oﬂ a&&in Q@c aﬁ@é{{@%d t hat

the agitator %/stemls not in notion. % box 10 may al so include a
sensor 440, FEEMRStdeR, 2t st neredeher i ireht fFEBYCIGY  t Y | FHRIB0XENSs ¢l osed
during treammﬁproMbrsmmn@my be a magnetlc switch that detects

contact between door 36 prﬁe@%ne&oﬁlden%t es441 sh seﬂs@FTA&anSeTéﬂtso

pl unger switch 36a (Fig ressed when “door | f
door 36 is ofen, the uﬁge'Fate‘m tayRt@baisedbustagteth 1o Eégri 8dl cuthisff. |f,
the dogr A:Sa@ﬂ%@ortlfi&l%ﬁsééfgonm:hludé@ta 1 1ighPe&ilick et fmstlregémg al'o ock
procee ternative nc opr oc
388. Door | ocR™R388? mﬁ Wnc‘%&&émg d1°§8r eﬁmlcfsfaﬁald’“g%%/ab‘?ﬁ sﬁé % Bfract with

a pin on doodig@saddon exrsursidet dattdgopo36 henaparsuteciesd 1dudefngletd_ at rent
Li ght box 10tﬁrﬁ§{xgﬁl 3k 'eﬁ&L%cé‘?&sgﬁ§ aﬂ‘éoaf ﬂ.ght detector 385, such a
& photo-dicde, photo—tz;ans:.stor, _photo—mult:lpller tube, or th

like, is disgposed on the opposite side of cover 380_7:__froin tf_l

light emitter 386. When aperture 388 is in alignmexit_._with ligh

emitter 386 and with light detector 385, :

-upon ' the rate of pulses, the speed of

"determined or confirmed. Also, if no pulses are rece’ived.'

Also, ™ plunger switch 36a (Fig. 4) isg pressed when

closed. If door 36 is open, plunger switch 36a sel es as a
electricél cut off.  1If, the door.is open, the syst 1 nc

.permi,t the treatment to proceed. Alte_rna_tively 1

wmay include a door lock 388. Door lock 388 .m

solenoid that establishes contact with a pin on

‘ensures that door 36 i:emains locked during treatmen“'
Light box 10 may also include sens

determ:.n:mg whether contalners are in- poszt:.on fo




determ ni ng whet her containers are in position for marking Eby 'dz , If 24
markers 76. In the enbodi ment wherein |light box 10 includes marker
sub-assenbly 74, shown in Fig. 11A sensors 450 may be attached to markers
76 and may include optical receivers aligned wth [ight emtting diodes
(LED) (nhot shown) typically |ocated below fluid carrying tray 90. The

| abel s of containers placed wthin the second conpartnent 190 of. tray 90
or a holder or organizer used to hold together containers in conpartnent
190, prevent optical receiver 450 fron1rece|V|ng t he LED signal,

i ndicating the presence of a container. Cbnversely, i f sensor 450 receives

the signal, thi cat 0_.cont al esent .an rker
will not be &% f(?/rst ef i ﬁlsna&gl t FORIERE “ElereJl? 113{1) R xmsiL?/) ﬁn%ﬂ% ga
m croswi t ch (whrben sub-agseubhy Fi4g. skdym o Fdet ebih, whendeas ﬁ’é‘?/e'\‘?éfntbeof t he

mar ker has oGRULLRG eaduawerdorvgvm maﬁqmam&eabpmahUf@ce@{re@mﬁgﬁmao t he
parts that make u er. Returning . to nbodl ment

wher e |ight g’ﬁﬁ"&oé@"%‘f‘gl fiadsae Y ké?"%LﬁS‘%&)setﬁ’ﬁF'?al%A’ ?ﬁcﬁl r of
light em ttefeﬂov.38ﬂuaﬂdcéiﬁ4umytrbg do spadedldrlenet sictieabieranpbugé of

cover 380 4 BRhin Alnd :f%amgeéo gggé@gg%@n&k 382y My B odhsppged.on an

opposite sid the e A pair of apertures 387 and 389 is
defi ned throma’%%reag%i or ey %ethqmé:ﬁn"aﬂé‘éﬁ aAMEPTPE IR M0y | i ght

fromlight eprki&its e?p‘l%acndrec?eaéet saopstraictredefviam passiey shgmagh
apertures 387 nd 388 o) ght de%ect ors 381 an gor?’v%% e{lomg eL, w?en no
cont ai ner nSHEEART o9 d’ﬁ? HTEI °paSs“Throligh on t P& Tures 387
and 389, and @Orremdl hie | $igmal detizict Gﬂﬂél@%fsahhﬂtorn@@nwmer dénerate a

signal . Any. 3dehSLgaahs Mﬁb?%ﬁltﬂ&t b8 02 G904 @aNer 1n Iaadpr.&%ﬁeraacand the
instrunent will either alert the op erator and/or terninate furth

processing. TREFH dERTHARE HCIIE‘Eﬁ tarf? c’ij’éﬁbﬁ'cﬁ’l fshogBsiyAdl et? 869 *
controlling ldeglabtdax wethe iddvesdntatodd the bd:kek baagramrréd ravelt tpn Fig.

33. A.conputer_prin id4 (R 6 r s a
DX oo ”pa?lhg eentiienggx;% p#o%: eggge;]go (Bfloe5Ls oy Bhetailnke! Rl
the marker

Returning to Fig. 27, in an embodiment where light
box 10 does not include marker sub-assembly 74, a pair of light
emitters ‘383 and 384 may be disposed on one side of an edge of
cover 380. A pair of 1light detectors 381 and 382 may be
disposed on an opposite side of the edge of cover 380. A pair

- of apertures 387 and 389 is defined through the edge of tfay 90,
When a'coﬁtainer is present, light from light emitters 383 and
384 is cbstructed frdm‘passing through apertures 387 and 388 to
light deteétors- 381 and 382. However, when no container is
preéent;'light will pass through onk or both of apertures 387

-and 389, and corresponding light detectors 381 and/or 382 will

. generate a signal. Any such signals indicate that no container
is present and the instrument will either alert the operator

' and/or terminate further processing.

The electronic circuitry, generally designated 600,
.for controlling light box 10 is illustrated in block diagram
format in Fig. 33. A-cqmputef printed circuit board (PCB) 602

- preferably includes a 486DX4 compatible central processing unit
(CPU), or microprocessor, 603 typically operating at 100 MHz, or
ﬁore, to provide, and to service, a multiplicity of functions.

A DRAM module 604 provides memory for CFU 603, which way be, by




(CPU), or. mcroprocessor, 603 typically operating at 100 MHz, or nore, to
provide, and to service, a multiplicity of functions. A DRAM nodul e 604
provi des nenory for CPU 603, which may be, by -25- way of exanple, about 32
Megabyt es. Flash menory nay be added to a conpact flash socket 605.
Preferably, about 32 Megabytes of flash nmenory is provided. VGA BI OS 606
is programmabl e to support displays on display screen 37 on control panel
32 (Figs 1 and 2). A VGA port 607 provides video information to display
screen 37 on control panel 32 via output lines 608. A PC/104 port provides
an | SA Bus 610 for transferring |nforn§?|on to and fron1conputer PCB 602.

Four RS232 c Bf béxgn%ert%bg 2 312h g&ﬂ}ﬁ%;S g%ggbd}g "ﬁggr fl éeraatl on

transfer, such as fro e Iea S is
confi gur abl e tas2 PRI 4 gdagiyraocke 60 ediretrrabbyr tabgs, 33 @e%‘b!’tth% Yfear panel

0]1: the |ight fb.QthG igemci'?d lsp%ﬁ&ga@a& and Sb3 aerog lsp@r gﬁegrﬁaﬁamam@ﬂ e, one
(0] Spare portS or e_. us ape r. nter ] nter port
018 o o R Ep A BSYE BRI St ] 1 BEeko et 3 REI Chor 1o

as a port 612 fod WoennkcldAopoto €07ppraviides vSiee |imfbypatign & Wdeplty port 620

on conputer REB.603,i §, PEhELdedy %13!‘32 Jit heLAgle AQhEs 6¢ds ON af Be/RAack panel .
Computer PCB 602 1s r ef er abl % an off-the-shel f conputer board, such as
B

that commer &PEF IRFORIASE| &B| 5 ?nGAﬁpF‘B’ EFRSGEEF QY LRtoTmatinp §8s3Y CA
under part nutrbercolBde488es ebbre inf or mati on about this and conparable

conput er PCBs is avai I@ y re% énéo%r lél {joertsv\% alfqu.rog £08 5 gg#ﬂ?l&el S

i ncor por at ed herei n in er enc S entire n I nt ace PCB
606(r) directkeyiadr ipfemasien ytranmf‘emf @@e% FonfFere P2PCRPEHO Xefleh Host of the

ot her el.ectriogal of aiHRaARBLYS, p&ughlascdrﬁﬁr@@a@@négr&a KH Samlsazs&@ndfso forth.
Interface P 606 i s subdi VI

o several port L portion 624
recei ves vi d86°H8- cdithofl>s 15n%1rr é:LFrWCQﬁ?SEIt%{ tk“’&Bf b?’fcﬁ?gs s and
provi des contppots siignaids 618 ardaparts.ghtFor i eveepler dnBLbf #AGBe686rtiso contr ol

and to supp! %, poyet { Qlay! BE ndRCkbL gahﬁgm ph&ue%p' 3 RAReL: $hre Ly por ti On
624 al so supplies e0 _and control and power, via lines 627 to
on computer PCB 602 is brought out to the back panel of light

di spl ay 7
: box 10 as a port 619 for comnection to a printer. Similarly,
" an Ethernet port 620 on computer PCB 602 is provided as an
‘Ethernet port 621 on the back panel. Computer PCB 602 is
- preferably an off-the-shelf computer board, such as that
.coauuercially available from Ampro Computers, A'Inc., San Jose, CA
under part number LB3-486e. - More information about this and
coniparable ' computer  PCBs is available at‘. internet site
www.ampro.com, which is 1ncorporated herein in by reference in
its entl.rety .
: An interface PCB 606! directly or indirectly
interfaces computer PCB 602 with most of the other electrical
apparatus, such as lamps, sensors, dlsplays and so forth.
Interface PCB 606 is subdivided into several pqrtions. An LCD
portiori 624 receives video and control signals from computer PCB
via lines 608 and provides control signals to a back light
."inv'erter {BLI} PCB 626 to control and to supply power for the
. backlighting of display pénel- 37. LCD por.tion—624 .also supplies
video and controi signals, and power, wvia lines 627 to display
i:anel 37.- A keypad and LED‘ porfion" 630 receivés inputs from
keypad 39 at the user interface 32, and sends such iqputs to

computer PCB 602 via ISA bus 610. _




panel 37. A keypad and LED portion 630 receives inputs from keypad 39 at
the user interface 32, and sends such inputs to conputer PCB 602 via | SA
bus 610. -26- A light sensor portion 634 of interface PCB 60.6 b
directionally communicates with a relay PCB 640 via a plurality of lines
635 to provide control output signals and to receive sensor input signals.
A m scel | aneous sensors portion 636 and a relay control portion 637
bi-directionally comunicate with relay PCB 640 via a plurality of lines
638 to provide control output signals and to receive sensor input signals.
Interface PCB 606 al so supplies operatlﬁg power to the other PCBs.

Interface PCB 606 receives .+5 Vdc and +12 onn o] 2 -and +24
Vvdc at a connector 623h 8 9ot PEHCE pcf)rc?\}\gn t}ég‘pﬁ’lfy ritéaf %% E}‘tﬁ%’ém i's

supplied wt Icilméct\slécablrydce@mmmsownieﬁt aelayoﬂ?cm&v@svsa& Hlromtitpanel user

interface 37oE511§é!9095|3'se@oV‘{3Mhd§ e on &ﬁﬁu@fsz!glngfé ﬁ%?’toEHeesPQ@ 626 is
supplied with +5 Vdc on gne of |1nes 625 conputer PCB i suppli ed vmth

+5 Vdc and +FoSR¥c BN S e - ofA I“‘i‘?féﬁ'sllﬁli%?“saf?nsc’ff? (ﬂﬂth?’érGPﬁc@‘dPEB 606.
addition, r e|raya}PCBOI&4:@)1dlp’oe€idny s37eCcei-\ddred40ndHG f saxmuhbheatpowarthsuppl y

167 at a CO”Q?%P oA Eab Oys oS gié(ra‘ii?wroé %LQ& é{ba'i%r Bgﬁl% 33% fé gl ay PCs

640 controls application asts and | ower
| amp bal | ast SUEA8, Ssﬁﬂ}tf"ﬁsa%nd V\ﬁ’tﬂ?ce#‘@cﬁ?flﬂﬂrclfr%‘ltaﬁl@n%%at ed on relay PCB

648 to ?‘IUpplyI oper at ![ﬁlQarEQMﬁercﬁaosbl@lpﬂsfd @qp@lleeoo@éﬂttlﬁglwwrf Itarrp23100
under the i uence contro nals_from or interface 4 on
i nterface PCBPBOY L g‘%ﬁ %%errfﬁ‘f"rgé)&iat F9e srﬁS'\:?'\H%s +§I G© ?ﬁd gggposed on
upper and Iomralq:cgmecsmsscﬂ B3 264%ard 64 domredtoprensi, desl sﬁxgmlabs to

relay PCB 64 omafsuagﬁ, 5&%9“ Cﬁ&ia‘{:ep@é etqh 15 IsOb SRkl Vi o8 slx}aenhmw@n
- provi ded by the upper "and | ower respectively. Relay PCB 640 al so

control s theV&pptt cEFFI lb’Eﬁﬁer‘s tof@‘i‘ék@?n%tuﬁ?r eirtezfgren3dwef fan 648,
such as wit hsu@l&ear@:tn 8| BYS, om Nowe COFf dannee véz7zh cont rok segnaks from

rel ay contrg%pl nggr &che 23%’21 n |ntng_r_fo§c PeB 606, Relg ug’%BgE%Olsrout es

signals from or so enoi m sce aneous sensor
m scel | aneouguﬁi@nsérgltMtPérV‘?ﬁfb@né%l%)rf"qcnpmf:%ﬁéllbcﬁ coges 610, all .

. from interface PCB 606. .In addition, relay PCB 640 directly
r:eceives 240 Vac from the power supply 167 at a connector 641 to
éupply power to the shaker motor 92. |

Relay PCB 640 controls the application of power to

_' vpper lawmp ballasts 645 and lower lamp ballasts 646, such as

T with electrgn_i',c- relays located on relay PCB 640, to supply
operating power to upper 1amps' 100 and to lqwer lamps 100 under
“the influence of control signals from light sensor interface 634

" on interface PCB 606. Light sensor circuitry shown in Fig. 34
~is disposed on upper and lower light bensor PCBs 643 and 644 and

- provides s'ignals to relay PCE 640 that are indicative of the -
"intensity of illumination provided by the. upper and lower lamps,
respectively. Relay PCB 640 also controls the application of
power. -to_ shaker motor 647 and blower fan 648, such as with

" .electronic relays, in.accordance with control signéls from relay
-‘i:ont_roli' interface 637 on interface PCB 606. Relay PCB 640

| routes signals from door. éolenoid .648 and miscellaneous sensors

7649 to miscellaneous sensors interface 636 on inﬁerface PCB 606.
| A$ previously explained, light box 10 has two light
. chambers 42 -and 43 for treating biological fluids in either or
~both' chambers. . Two light: érrays consisting of four lamps 100




As previously expl ained, Iight box 10 has two light chanbers 42 and 43 for
treating biological fluids in either or both chanbers. Two |ight arrays
consisting of four |lanps 100 -27- are disposed in an upper position and in
a lower position in each chanber for a total of 16 |anps, as seen in Fig.
34. A light sensing system for sensing the intensity of the illum nation
fromlanps 100, is generally designated 650. D sposed adjacently to the
upper lanp arrays in chanbers 42 and 43 is.upper |light sensor PCB 643.
Lower |ight sensor PCB 644 is sinila[5¥wadjacently di sposed to | ower Iight
arrays. Light sensors 404 are positioned on upper and |ower |ight sensor

PCBs 643 an%réélé,h Jogé@eﬂ'%e'%ﬁefg%ﬁmrpaands iff ol 30ps 10Qisueh sHhat  each

sensor nonitors t lum nat i of two adj acent | anps. In this
respect, eacl§2fhgthembensior s tpradf @faBfyli®%eat 88 ssfrdvBy Fhet viden & pair of
noni t ored | anpghtl 0Gensirght sﬁ@jm.or SEA04 sefsingi denea fiheguargy Ofit pide _

generally in e e of_1 dependln po the 3§NS
irradiation Ilt'elgté manmt hhéom ;%?) Fcati on, ‘sag?rsaqzﬁﬂ ‘%ré Sab y&g)per ate

near a ni d- r @hgeosedsadincantliyn tabhet upmr }amzarwequ KhpmhexRgé2 Fngr

exanpl e. G rgyi {4 Yippss gt edn¥id Be@aah . umerqugh@wnsbfgma swm%or PCB
643 or 644, and V\/m ch constitutes a ort| on sensi ng %/ em 650,

is shown in 5%@%&&5}%8%&%@“% Frigpe Wedﬁgﬂﬁya bti¥sut s upper
| i ght sensor sedébtsast@: sent pddtiongdaion ‘mpenuamd pleenerldgBs Isemusdr GEBs

Mil tipl exer @p¢ i @448%9199& Yoif, bE p%&r@vwﬂmsée{o& @%h'&atesed to

confirmthat data received from rru exer s accurate. A test.
circuit 654ee%sﬁ%ft5§ro1‘“°aﬁ%§0|ti"?atlé}u"HGSt’c%tleW&é Pf s twer @GIRFRAF di vi ded

by-a divider 16&6s.t OTPrOY dzﬂesbbétﬁee§ﬁ§t11§lit; deat®f @BCHrdreespign Abe&sedon
three.lines 65 are provi ts t.o _nul t.i p]l exers and 652

6 )
For exanpl e, "éaé'\é\g?%wseen aé’%ﬁ’én" Orecge “3bd ]t%(J 2349 l;—izsenffgsléa% and 57.5
KHz. The pomero‘s@pplay Exéquddey i sutai’lul-‘,ogerpm@‘ﬂxjem athearrangpuet t BHAIME pl exer s

651 and 652 &mm@éﬁeﬁalﬁdﬂeupaw%@ SMRBLY fOfaadkwidMndeskied NGl sgwiishat coul d
interfere with the signals fromthe Ilght sensors. Three address sel ection

lines 658, i ﬁEledtfl’F‘ﬁ’gonAO semporsn GO Prefier aibe (PRS2 EAURET ful TipF&& s 651 or
652 to alternatielay SAaBpbe: ehe OKHL he Dod XHE Srange, for example.

Circuitry asscociated with each upper or lower light
sensor PCB 643 or 644, and which constitutes a portion of light
sensing system 650, is shown in greater detail in Fig. 35. The
frequency outputs from upper light sensors 404 are sent to a

"-pair of wmultiplexers 651 and 652. Multiplexer 652 ig a
secondary or redundant multiplexer that is used to confirm that
- data received from multiplexer 651 is accurate. A test circuic
654 consists of an oscillator 655 that has its_frequency divided
by a divider 656 to provide three test or reference frequencies
" on three lines 657, which are provided as inputs to multiplexers
651 and 652. For example, these test frequepcies'may be about
230 KMZ, 115 XHz and 57.5 KHz. The power supply +5 Vdc is also
provided as an input to multiplexers 651 and 652 to monitor the
power supply for any undesired noise that could interfere with
:the'signals from the light sensors. Three address selection
Qiﬁes 658, including A0, Al and A2, are used' to “causé_
f'multiplexers'651'or_652 to alternately sample one of the output$
" from the four light sensors, onme of the three test frequencies .
.or-ﬁhe power supply voltage. Fofiexampie;'the sampling periods

" may be about 15 milliseconds. Thése address selection bits 'on




from.the four |ight sensors, one of the three test frequencies or the
power supply voltage. For exanple, the sanpling periods may be about 15
mlliseconds. These address selection bits 'on -28- lines 658 are generated
by a programmabl e | ogic device (PLD) 680 on interface PCB 606 and supplied
to upper light sensor PCB by |ines 669 and to | ower |ight sensor PCB by
lines 668. Lower |ight sensors 404, nultiplexers 660 and 661 and test
circuit 662 on |ower |light sensor PCB 644 operate simlarly to the
correspondi ng el enents described on upper |ight sensor PCB 643 to provide
a second mul tipl exed frequency signalfﬂ?ﬁe out puts of multiplexers 652 and
660 are routed, to e C te L nterface .P i,a |ines
065 and | 064, LG ShrBN SN akaf iprebsos Bt MR ek R0 M
frequency couwnt &ntegrace|BE 606 | andestprRldePCE 8PBeY | hightnesnwe 7 FChikY 666.
Counters 670 )3p6s 6665 ahe ORI At aéabdalice bi-0Mined Magl. Copparati on,
Santa O ara, .CA under part nunbe

g r .8254. PLD 6 sel.ects data . fr ‘
frequency codrBRr SE7EPHy 4%t ApE LR Sﬁ& E\rﬁdngg%@do}:eﬁtr SH?“rléq%gepncy
counter 671 lop alakerp biahectsamoki NEB 662 Ppedqiencyicidenter $067¢eand 671
and PLD 680 %@g{%pg%%ﬁm@em&ﬁgad@mﬁ% Jnom]pb&e 1ia0stefef peat fus

t'her ebet ween. C thus receives counts fromcounters 670 and 671 that
represent t e Pi¥EReAc PRl tiadetRf FTRESENToaAERYs from nul ti pl exers
651, 652, 660 and. 66lrwnhiceBputisnot WulrifleReasSaEnt drddecsd laxw mattedno | evel s
fromall 16 of _.the |anmps 100 in |Iight box 10 L V] i s |lamp

i | uni nat | onadgf%qutegc%ocr%ﬁ?%l? aeoforiatian gcﬁ_’bﬁé{gfg%g%&éﬂg@gﬁ& PLD 680
essential |y &6ts asThe cowduts ¢HroultfelexetmtsSinfaenaifl ofres rontebuitt ers 670
and 671 to ceppMifby PiBncbP2670ravbdes Miklkesdengeaf shbhesm aauas &wgnal s and
provi des chip _Select functions to select counter.6fo or Q%é C?unters 670
and 671 can?PSstRé-i nFRPIEEE PLY ARG §7F FUBLEPESSEAL Y F¥E KB ahcP™ 685,
"respect i vel yntdl DoG@fracbon . alSsotda SYaea) MRenndipt paeiguegbsr §354confhit er PCB
002 on a | ! 18a8 501806k CARLT Alond OAlSCP dunt S B7Y Sy I LD SBUCHIAM

conput er PCB 602 on one or nore lines 689. PLD 680 is comercially
avai |l abl e, f3inex8ipee, FTPRoRTeRPRSY £OPRSS0F At iRh 2oFily Felgeeonchinghder part
nunber EPM/1285. $e8g@incyeashntets wameafiP@7enatd espGiid GA3rom eonfuit er

data bus 683 for the transfer of data therebetween. PLD 680

“thus receives counts from counters 670 and 671 that represent
" the frequencies received by these counters from multiplexers
"651, 652, 660 and 661 which, in turn, represent the illumination
levels from all 16 of the lamps 100 in light 'box 10. PLD 680
provides this ~1ampl illumination data to computer PCB 602 on data
busgses 687 and 688. PLD 680 essentially acts as a conduit for
the count information from counters 670 and 671 to computer PCB
602, provides buffering of these court signals and provides chip.
‘ selecﬁ functions to select counter 670 or 671. Counters 670 and

671 can issue interrupt requests to PLD 680 on lines 684 and

685, 'réspectively. PLD 680 can also issue interrupt requests
to computer PCB 602 .on a line 686 and control signals are
-received by PLD 680 from computer PCB 602 on one or more lines
'689. PLD 680 is commercially available, for example, from

Altera Corporation of San Jose, CA under part number EPM7128S.

. Sensor read software 690 enables CPU 603 on c'ompute-r.
PCB 602 to read the data sent from PLD 680 on data busses 687
. and 688. Independent illumination software 691 monitors the

. data for any malfunction or irregularity. For example, if the




PCB 602 to read the data sent from PLD 680 on data busses 687 and 688.

| ndependent il lum nation software 691 nonitors the data for any

mal function or irregularity. For exanple, if the -29- illum nation data
fromany |light sensor 404 is below a defined threshold |evel, one of the

| anps 100 may have failed or is providing insufficient illumnation. In
this instance, a nessage wll be displayed on display 37 to replace one or
more lanps 100. Energy neasurenent software 692 neasures the illum nation
| evel supplied by |anps 100, as by anql¥2|ng the frequency counts from PLD
480, and then essentially integrating he nmeasured illum nation | evel over

time until t*tqlmptn%g%tprdqtgleftam' tthgmﬂatt 0&::1@8?%340 ggléu QA Q@EGRAL fluid

being treated in light box 10 is Treached .recal cul ate
the Tight mtté*ﬁ%tlﬁlésl%“dut oBG ePy 5%%&&&93%90 ‘E%é’arﬁﬂ"é fri kUt is
recal cul ati ongogid@ngr efneﬁfmlbﬁsausmuhh&ﬂmght TNt € t ynddz@ee) agps 100

changes with t er at du nt| nuous recal cuI atl ons of
light i ntensit: %T':P eng%ﬂ e § ela R rent. $ dl el 65(2 aelpgo CUSTEr A ne€5t he

current |Ilt}ﬁ1‘1PFat1|06n dose that the bi oI ogl cal fluid has been subjected to

since the initiati on ofE,terrgﬁt nﬁégsung@fnt:wag@f@ggel Seo£SSRkLAdd Y dnBt egrating
the Iight mtgsm jn real dﬁé{ermnethe current illumnation
dose. Softwar le?ﬁl &V I%{’IPP} e‘éj'stlty FPHOROnudh BUdRAEAEe (e i s

required, badeedquenppreauts efvony PHEASOr exhd it dsseenisilly efntegoatiegch the
desired 111 Wfknakiahed9se 1 HiAlal £ACN110G.L N A5 A0EIRNt CLRd DY e user

at the beginning of treatnent, tware 692 causes um nations to cease
and the user PFedetgypided t‘ﬁ%ﬁ‘“t‘?"éé’t‘néﬁ%e iforc hp| kideaisyr (BAgid BYRgal so
preferably cepsitant | o MBFHROTr Bok hao cwntrem‘hetahe tQSHftfviﬁQUGQﬁl /8y 657

because thes% fr psnci gs ane kno engnd, th e_,coun r esul tés o\{l\ndl | fconf| rmthe

si gnal paths andlcgcounu ng ac%uracy Wit Peshect to  The ¥¥€4bency signal s
from |ight ss#wdes E@quenthaeraddyhdtdens |drghrrefemsed dechasmdabeprioibded by

secondary ”Ulﬁlté?llsgt(}erQOQSZaﬁﬂd 166 1o 2l \i@n PESiRaRkY . mMaRLLiPrEdnt O
confirmthe accuracg . information teceived from _ primary nul tipl exers

651.and '660. theset he ’ftrlé'd?}@ncﬁe‘%?&ﬁﬂtatda’t% of ~light intensity, energy

measurement software 692 also determines ~ the current
illumination dose that the biclogical fluid has been subjected
to since the initiation of treatment. Software 692 is
essentially integrating the 1light intensity in real time to
determine the -éurrent illumination dose: Software 692 can -
similarly estimate how much additional time is required, based
. upon currently measured light intengities, to reach tﬁe desired
illumination dose. Upon reaching the dosage entered by the user
-at the beginning of treatment, software 692 causes.illuminétion'

- to cease and the user is advised that reatment is completed.

_ " Software 652 also preferably constantly monitors the
- count of‘the test frequencies 657 because these frequencies are
known* dnd the count results will confirm the signal paths and
.counting adccuracy with respect to the frequency signals from
" light sensors 404. The redundant light sensing chanﬁel provided
}by- secondary multiplexers 652 and 661 are also preferably
-monitdred to confirm the accuracy of information received from
primary multiplexers 651 and é60. If the frequency count data |
received from primary multiplexers 651 and 660 are not within a
¢ertain tolerance witﬁ‘ the data received £from secondary . -

- multiplexers 652 and- 661, an error wessage will be suppliedftd-:




recei ved from primary nultiplexers 651 and 660 are not within a certain
tol erance wth the data received fromsecondary multiplexers 652 and 661,

an error message will be supplied to -30- the user, as on display 37. when
the predetermned illum nation dose is reached; energy neasurenent
software 692 termnates illumnation in light box 10. In addition, a

portable and attachable Iight intensity sensing, verification and
calibration device or radionmeter 460 nay be provided to verify light
intensity provided by Iight box 10 and for calibration of l[ight box 10.
Radi onet er 460 may be adapt ed for pl acéfent within fluid treatnent chanber
40 for measur d eI| e_bhiol.o d. More
specifically, th‘ 1%”85%69 ﬁ‘% %édgfe’éeq alggﬁegi[ﬁ%?%lﬁht he fluid
cont ai ner caﬂpw ngStrra@Ch‘—‘QO GDWWne“e@ﬁBWeﬁéntSOf?‘miﬁorﬁ??ert%m%? be

adapted for ;pl.afelEidn y\ﬂ,tllibm; @ogom)artrrent of tray 90 such as first
conpartment 188 of tra shown in radi onet er 460 may

include a .support 46%':n ha&dd hbwéf t op sﬁ?’fté‘gée 46af’dan8 EPEELOm ¥ Face 468.
Support 465 iistdngpiyaldepsimopri wimddicatrioni t asbarcdlit@atior @ance semsors 469
are el ectri C@L&lyomaegr p%' I YeCopnrahed g SHRReY ! 1i4R0- ﬁ%gﬂt?nal ly, as

best seen in Fig 1, or 465 al so i ncludes data port is known
that a'light P§‘E)‘[}td6‘é %yhﬁ b 2asndys g nf o iPratien qugHtlghFo’?c’xe)}&rrpl e,
dependi ng onrhadidmager Oked h@tay| &P, addpeed ntfrsighacefedti ghictani tieddf rom one

- part of the t t he ] fr manother
part .of theLfég%menicCha%de 5 P H%I ?1" g&br?zl elra} egnggrﬂ}igg %Q,ltlg%des S

Fig. 14A radh@rtﬂpépgwab fﬂm}di ndfaydespeqifaralilys yrastionelipyron§0 mF’ﬁ’QbSpaced

across the to@aRd/ @br qﬁhaas&@uﬁaﬁa( $he t £1118CBLMR indd géhtrryi Qiregli T f erent
poi nts on one_or _nore %B nsors 49% }’ Bf’ one side
of support 48%; Bt °;5‘Fef a‘f)‘l"VnETera FHEER o Rt T t %pgﬁ?f €& 467 -and
the bottom spldaeent}68ithifiopa ardmpdtintom pifacement 90f ss@nsess #EBti s
particularly., %g%g&{tegaﬁl\ﬁggr&a&agg onmeter 460 is used to neasure |ight

provided byt acing light Sources, such as the two arrays of |anps 100
As shown in Fig. 14A radiometer 460 way include a

..support 465 having a top surface 467 and a bottom surface 468.
Support 465 is typically a printed circuit board. Omne or more
-sensors 469 are electrically and physically connected to support
465, Additionally, as best seen in Fig. 31, support 465 also
includes data port 512. ' '
It is known that. a light source may not always
- uniformly emit -light. For example, depending on the age of the
“lamp, the infensity of light emitted from one part of the lamp

‘may not be the same as the intensity emitted from another part

of the lamp. Accordingly, in a preferred embodiment, as shown
in Fig. 1434, radiometer 460 méyrinclude'a plurality of sensors
469 spaced across the top and/or bottom surface(s) to receive
_ light‘f%om different points on one or more lamps. Also, sensors
‘469 may be placed on one side of support 465, but preferably are
-placed on both the top surface 467 and the bottom surface 468.
Top and bottom placement -of sensors 469 is partlcularly
preferred where radlomﬁter 460 is uded to measure light provided
by two fa01ng light sources, such as the two arrays of lamps 100
1n one of the embediments of light box 10.
Radiometer 460 is preferably calibrated with a

precision light source in. accordance with NIST standards. - RAs




in one of the enbodi nents of |ight box 10. Radi onmeter 460 is preferably
calibrated with a precision |light source in accordance with N ST
standards. As -31- seen in Fig. 29,a bar code 506 may be placed on the edge
of one of the halves 504. Bar code 506 preferably contains information on
the identity of each radioneter, such as a unique identifying nunber or a
serial .nunber. Also preferably included in bar code 506 are the
calibration coefficients determ ned during the nost recent calibration of
radi oneter 460 for each of the sensors 469, and an expiration date by

whi ch radi oneter 460 will need to be récallbrated For exanple t he

expiration d e ear S eq

cal i bration. aéie% TTByFan?@ b(ééd’ codemgﬁdg%)élgéedt a8 rr%% er 41 will
provi de CPU cefoshwhallw?ﬁwﬁ@# rratﬁaesncqm B pragerably cwptam eﬁ%%r@f*tweo t he
calibration caethé mdeﬂﬁﬁ;yasﬁcg‘dcﬁt £hivhddert h:ﬂichpaé tad Qﬂicﬁre idetiepmiger, and

the date by which radionete needs to calibrated. Support 465 is
preferably. hcﬂ)‘g‘gﬁr i°f %oﬁ?é?a{jd‘f Py Qfﬁ) F erﬁ%g" Pu gvé"i" 851 e y be nade
of two hal vess0808reartie Embthaionalceemmmmem}mm du@bnee rthd Ofdostray
include a | abglene 5&@155&&10:12%}. gé&l%@&éx”%é% lkaqHchpaéf aqde sbRtor@ach

radi oneter 460. As further shown iIn ah%ﬂ . radiometer also includes .
i nt er medi at e $5dnetd 87 LWHETIRPeLt50RY C'Bl‘(?dl‘@&ﬁ?é?f 49 YEE 363 tend 504
and substrat e 30&EAbdats:H) rrmybrbexamde oﬁheam;cphaartdon darmeagibd laneavai | abl e

nol ded pl asti ﬁ’% :! fPor?f@IE ?é’r‘at 0?% | Sost arecggg fg%rragfonacr ylanitrile,

but yl di ene a yrene i n cover sGbst'rat es 508 and
510 are prowr&é@llqgoOfa’é%rﬂ?éﬂaﬁ% PEnkYT Fodeoreader ofinsdi brricabfe BY6, as

shO\lfvn Ihn Flbg so&émug n]?itotrﬁm% te rtaél qa&t&&ﬁ@@?&m&&&%mﬁ lt.?hennectl on
to light 0X an or or.t g is.allows

radi oneter 466 ’flbraftf“?;fhsn?ctefgé%nf% TSt e"&h g%fz (lﬁrslc“]?g) of

| i ght box 10,radm:ueluens,ysetreimqmaoﬁadesby nfhdciratadionttoert HE0 opedsattor band/ or

aut omatii cal | y..LakesS,agt ion based on the transmtted data. Radi onmeter 460

may- al so incl de a slit 472 S . for placenment over tab 186 (F| g. 7)
in tray 90 of Support 465 Tis preferably housed in cover 501

shown in Fig. 31, cover 501 wmay be made of two halves 503 and
504 that are attached together. Cover 501 may include a label
506 (Fig. 29) displaying a‘unique bhar code for each radiometer
460. As further shown in Fz.g 31, radiometer also includes
iﬁtemediat‘e panels or substrates 508 and 510. Cover halves 503
and 504 and substrates 508 and 510 may be made of any harxd,
- commexcially availablé molded plastic. A prefefred material is
.a terpolywer of acrylonitrile, butyldiene and styrene (ABS).
8lots in cover 501 and substrates 508 and 510 -are provided_ to
accommodate sensors 469. b
. A connector cable 516, as shown in Fig. 32, is
attached to radlometer 460 for electr:.cal connect:.on te light
" box 10" and, for example, to port 461 (Fig. 5). This allows
radiometer 460 to transmit. data. to the computer PCB 602 (Fig.
33) of light box 10, which system provides informatiqn to the
f(.:';pw:at:or and/or automatically ' takes action "based on the
transmitted data. Radiometer 460 way also include a slit 472
- {Fig. 29)7 for ﬁlacement over tab 186 (VFig_. 7} in tray 90 of
‘1ight box 10. -
' Sensors 469 are generally any device that is capablie

'.-of- detecting l;ght‘ of selected wavelengths. These sensors are -




| ight box 10. Sensors 469 are generally any device that is capable of
detecting light of selected wavel engths. These sensors are -32- preferably
robust such that they reproduci bly detect the appropriate wavel engths
accurately. In one enbodi nent, these sensors may conprise a plurality of
optical fibers that absorb the selected wavel engths and channel the |ight
into an appropriate detector. Such optical fibers can be configured to
appropriate dinensions to represent the dinmensions over which the |ight
delivery is to be neasured. An advantage of this configuration is that the
optical fibers can cover a |large perd‘ﬁfage of the area over which the

| i ght deriver neasur e t referr nsor o] nt, as
represented i efﬁaégy 14RP® %%nfb‘?g 4%’§t| Et%re di OHEt ro a?%teg?eﬁlehrrégbl y the
same type ofappesmriate servsdemtddl aceuratgin- seﬁswrga W@Dém%@ tigfse cour ses,
sensors 404 and.469 m9§eé’oqu91£}§ é?%%béﬁcpf oﬂ%ﬁ%wgflﬂetcghéh&f abdpdesired

wavel engt hs. Sensors al so i ncl yde be used vmth filters to
filter out urﬁﬁﬁnt%‘?}eFF%t w&§31§'§ﬁ’§‘f arfiffal ‘Fkﬁ?nﬂégcr?}ﬁ’ed Lighve e used in
connecti on Wdpbrédprdhte kiexedffhr.i t shch optifadr fidskrishadn thee cdnfignsedns and
geonetry of r syhs y e i yensi ons
of the fluid a%ﬁ%fﬁgggcoﬁi&gf%eornss &gegga%ésgh+ t%gu%%@]%mn A%é’%?d?’ﬁigﬁ it is
preferred tH&e fkghy jdghivedndisngoabeametsursdi ondPerddB2AaVEE aE NS ght, a
‘W dth and a dohkfdeResionS Ulkst @l alnky cpeikall tmibsushchhl keder coOntadgeers. A

radi ometer wi th di nens substantlallye the. fl Ui cfid hed
cont ai ner  pr & EE2E° %ﬁor@ﬁ BEEhOT 6% S o(rgiﬂ%fh%%ﬁe S%é‘?eé: %i iy el i ver ed
to the fluidmepsuefl.t He ehi¢ aoefeandssensof anhodinayt nepitreprgsensed figrt h.

above, - radi 0%&”14%608&%\6::9946}#5‘29 Iﬁmméeeghasd mx%n&éﬂerxsw finsaddu@n by, for
exanpl e; the operator and for calibration of |i box 10 generally and

more specifi ¢XPRyOT SERSPNtas FEPSPESyHL? sEhsidplt 4 Sll“ﬁ ESPdaRte Rhith the
met hod of - us:loﬁgsersadb@ﬂmirer 4460akdradsi ghed | td emsi dapabe | 61 cddtiectingt he
operator may place radi | ] st r Mol 88aPfincidly 90, as
shown in Fig. 1 gt 0&%&; r %dabggei‘ae%gurlrs{i ggggm 485 Hay! % .mc

or be uged with filters to ilter out unwanted 1light as

substantially described above.

When used in connection with 1light box 10, it is
preferred that the dimensions and geometry of radiometer 460 be
substantially equivalent to the dimensions of the fluid-filled

" containers used with light box 10. Accordingly, it is preferred

~ that the 1igﬁt sensing area of radiometer 460 have a height, a

width and a thickness substantially equal to such filled
containers. A radiometer with dimensions substantially equal to
the fluid-filied'cohtainér provides a reliable approximation of

" the energy being delivered to the fluid and of the effectiveness
of the treatment. ' . _

- Bs set forth above, radiometer 460 may be used for
light intensity verification by, for example; the operatoxr and
for calibration of light box 10 generally and wore specifically,
of internal light sensors 404. 1In accordance with the methed of

-‘using' radiometer 460 for light intensity verification, the
operator may place radlometer 4690 1n first compartment 188 of
tray -90, as shown in Fig. 32.  Connector cable 516 may be

~ pressed into strain relief tabs 474 within light box 10 {Flg.ra}

- or, more preferably, thread through slot-BBOJin drawer SQ; as

* shown in Fig. 32. The fluid carrying drawer 50-is inserted into




pressed into strain relief tabs 474 within light box 10 (Fig. 8 or, nore
preferably, thread through slot 390 in drawer 50, as shown in Fig. 32. The
fluid carrying drawer 50 is inserted into -33- fluid treatnent chanber 40
and door 36 is closed. Lanps 100 are turned on and the light delivered is
measured by sensors 469 in radioneter 460. Specifically, the light
nmeasured by sensors 469 is processed by the system s m croprocessor 603 on
conmputer PCB 602 to provide a calibrated reading of the energy being
provided to the fluid treatnent chanber 40. For exanple, m croprocessor
603 may use the calibrated readings of “*Phe light Ievels from each sensor

049 0f [adi OFEEs A0l SASULALS EPULPTA LN cG0R! T hghsNob Ul | o1

| evel s sense eac sensor on up t” sensor PCBs 643
and 644. Thertelamdaron _RE LYY lwéaséﬁlérfemd digf F‘WEGQ’Z @ﬁl@rssﬁﬁ ddsoci at ed

with m croprgaesaetr 63, C%e@?ﬂdﬁlif'e&ﬁecﬁiﬂhbr@édsﬁﬂe&Q)?f Eérogpt&sot 0 the
illum nation neasurene ;by ﬁ%om | | ht sensors rovi de corlgc%ct ed
t

i ght |evel ﬁ@agﬁ??ﬁﬁﬁ pr’F%&qpﬁﬁfeégsf’ ﬁog “ReSTHVE
radi onet er 6402 therbyiow eharlttbrateﬁl eaditd <l she qmegw desng rpfrgwrmdl on about

the processes 0fydehQE M tHeBOndnRCcndnl@ht 24 Nt &QSI L3, rr?ﬂg dﬁt:%;moew&zt he
treatnent tinme. The operator can nonitor the out nps. 100 and

det ermi ne any?di H?Yn%sr?rré:ﬁﬁ PR Y8t thnfraditputofoy oﬁb%f‘r‘i rﬁ"?h% £3985di ng to

a pre-set aceephabiognetgyotiosRlibaanges. 460N taddalduate & hearibadegs

ded b 6 s
provi ded by SSRPALS.A0YR" il P RATPRLALa' By (R £5RULES, BROWAST bY

ect an nis sensi ng capabi sensors 404.
The process ®a¢ b@“ﬁfedeah"ecﬁenﬁm hPQLWe &Bhepdf Pt c’B‘i‘Pﬁaﬁtﬁé’ﬂt eng®y Thus,

for exanpl e ibadiensmter gxéoﬁl@&eerrea@gzr ed (byg. radhpm?ta%rsoéﬁieﬂs sufst ant i al |y
equal to the energ_\b/ dose et ect ﬁy tﬁﬁnsors 404 outsi de the
bé‘P%

pre-set dose FSHEFECCCIRF 5 Ve isﬁaf"?]&ﬁ’r?tll’faqf‘ tcﬁg fl&tl‘f)%rts | anps
100 has di nithe stiddmimetiohateaksargentd Ot noay Lighte seusdye #ed| ta paovide

Al ternativel \éarféctwelfg[ahr %&0%@&@,&4&@@@#rﬁgtbxliladap%ggwacé%mges

substantial ly equal e expected pre-set dose of i nstrunent, but
both are di f fepereds F’Bn?"’t%@“‘%"r?ér §$%dosahestige sEatedih Figendth s> 494, this
may be an ingkeaidegn J.hhﬁrfmaSﬂb]rSI_ﬂ]gaut the processes of determining the

light intensity and determining the treatment time.

The operator can ﬁonitor the output of lamps.loo and
determine any diminishment in the lawp output by comparing the
reading to a pre-set acceptable energy dose range. . In addition,
-the readings piovided by sensors 469 are also compared to the
readings provided by sensors 404 to detect any diminished
_sensing capability of sensofs 404. The process may be repeated
with the other first compartment 188. ' '

' Thus, for example if the energy dose measured by
radiometér 460 is substantidlly equal to the energy dose
detectéd by Sensors 404, but is outside the pre-set dose range,
this ‘miy be an indication that the output of lamps 100 has

' diminished ‘and that lamps 100 may have to be replaced.
Alternatively, if the energy dose as measured by radiometer 460
is substantially equal to the expected pre-set dose of the
inétruﬁent, but béth_ are different Ffrom the energy dose as
ﬁeasured by senéoré 404, this may be an indication that sensing
AéapabilitY 6f sensors 404 has diminished. Finally, if the dQse'
aé measured by sensors 404 is  substantially equal to' the

éxpected_preaSet dose,"butidifferent than the energy dose. -as -




capability of sensors 404 has dimnished. Finally, if the dose as neasured
by sensors 404 is substantially equal to the expected pre-set dose, but
different than the energy dose as -34- neasured by radi oneter 460, this my
‘indicate that the sensing capability of radi oneter 460 has di m ni shed.
Radi oneter 460 may also be used to calibrate |ight box 10. Radi oneter 460
itself my be calibrated against a standard (e.g. a standard fromthe
National Institute for Standards and Technol ogy or NIST), or by wusing an
i ndependent calibration systemthat has been calibrated to N ST standards.
O course, it will be appreciated that t%&dionmeter 460 may have utility in
ot her applications a%y is.not limted to use ,in the apparatus or nethods
t1*o

of the present®FHIEhtY oA HINGER, 260 2GR hdEr 0BG Ry e GRRFRTENEver
light is to beapsbékinyedf owdioneanr estoehde dlisinfsaee. aRadigiethr oraoop@osi t e

directions. fadl Quefaly ‘E@Océiéo‘}aﬁésl{}}h%;&:&\’ i’mengdlérrIetgl desy rigd.{p average

light intensity neasurenents over ce area, |Inc non- anar
surfaces. |t WY [be prlibgakRd poapitedi standarfate- Bad?oﬁ%itnéﬁr 49nchif d be

confi gured. Wﬁattlaﬁuuplxagmnea ﬁuxa@aanaa&aéa&as;reeﬁnosagy dasiier)., thepy
conponent s of the flui | u the 0
assenbly, the*ifgnt” éfSue ces tt ﬁgibtfrg\g\é?n Sy??’ue r'f%‘? i ezi‘sgg‘%’b ygac{re
power ed by po'weNIgnﬁpM@gdﬁn an alternative errbodl rrent of the electronic

control system shown o Eduﬁ}se 14¢ llf‘llFbg apla4ec1tarﬂed|t@1taEefad18meﬂe‘i‘pEﬁ§ent s the
nunber of electrical or., nechanjcal onents such as sensors,

bal | asts et c.™@YFBRVeREHPItE, T GRBET s:"\?Bb’r atdons) Zpf i Pt 1A pEher “‘f"arrps 100
and are contriol lted bypabaeisayrboeetibdands i 9@l areommt tnensfion nerind8ed, Shaker

moLor 92 1 RANGLAMLNAURY b BedURL ANl 24,00 LRSI BFL: 29

Addi ti onal power suppl supp I es power for t ower 134,
drawer fans 149, eéfﬁﬂndeérl FEIEASCOr #7820 PHr Ok e OBPTH&Sd éhﬂe%e’i‘slock 480.

Preferably, thQipmwe sstdRliYo fids m@w{ﬂyngm&f@s@. semﬁi&aa&mer@@
e S e e e N o
conput er boarplapsl. surfaces. It will be readily appreciated that radiometer
460 could be configured with complex, non-planar surfaces, if 5O
desired. ‘
The .components of the fluid treatment module 28
including the agitator assembly, the light sources, the blower,

" the marker subassembly are powered by power supplies in an
alternétj.ve embodiment of the electronic control system shown '
in Fig. 14. In Fig. 14, the rletter "nY represents -the number of

. electrical or -mechanical " components such as sensors, lamps,
‘ballasts etec.. For example, power supplies (ballasts) 166 power
lamps 100 and are controlled by Melay board and isolation
‘ltransfome_r 29. Shaker motor 92 is powered through relay board
“and isolation transformér 29. Ad'ditiohal_ power supply 168
supplies power for the blower 134, light drawer fans 109, and
drive motors 120 for markers 76a-d and door lock 480.
'Prefngably, the power -supply for powering these 'cc'>mponents may

‘be approximately 24 volts VD_C. Power supply for powering s.haker .

..motor may be 230V AC.- Power supply 167 may supply +5 and +12 .
volts DC to, foi example, computer board 160..
_ " Finally, light box 10 includes a prograrr{mable‘
- computer software-based control gystem 600 to control  the "

_operation of. light box 10 that has already been descriqu ‘with:




Finally, light box 10 includes a programmabl e conputer software-based
control system 600 to control the operation of. light box 10 that has
al ready been described with -35- reference to Figs. 33-35. The control
system 600 i's further generally and diagrammtically depicted in Figs.
19-23 and is described in greater detail in connection with the
description of the nethod of processing and treating a biological fluid
which follows the description of the di sposable processing set provided
bel ow. b. Di sposabl e Processi ng Set []gposable processi ng sets useful with
| ight box 10 are shown.in Figs. 15-18 ypicaIIy, t he disposable
processing set. w]|| |nclude t r e C ntal rs i raIIy
connect ed by PrEstiE tabin A%VgoPgas%)eneC%g fh Syfgﬁ?‘a Eers suﬁ

sui tabl e for deokriliy w©hé ldlt@r@gmmlcalllmld@pmnqdngnl iFghe - 19-8at ﬁ@htls The

ot her contai rh%émw dnbgr&itict 9k il Ofn SERHEGE onOlii th el @ko@isgalod | Ui d
after treatnent. described in more detail below the di sposable

processi ng sétf & B@tf‘?ﬁ N BFASRSS 108N P8R n EFERGRIpic0 IRigreica | &1t and t he
fluid may be vnﬂiamsfmbe@l the0 deeftipk hai ofoftht heishosposahirecgrsdegssitng set .
Furt her det ai 0 ese di sposabl e processing sets are described in
the U S Patdé%}t’ %% PI& coté‘{1| on entitled "Fluid Processing Sets and

organi zers for the Sane," bear PAgrIsePtt FEJPFéRetSNo, F8- 5459CI P, filed
Cct ober 11, 2002, and lnmﬁwaaemtmcéwlagns@é weef€r 6AER, 1idhti bsxerdirety.

One embodi ment_of. a_di, spgsabl e_f| gul d.pr.ocessing s s Shown in Fig.
15. Processi fgc ™24 ?’fﬁ,sl ugse AFY tgf)z‘fasgc’%%uﬁfaa hETo28 a-
cont ai ner 21@eanwvidl cémntiudeertwo, qu mfﬁhe Rﬂ@ﬁtaq: neestamyrdeinteosgtid |y

| nterconnect %@nﬂ\éétlgd bybbﬂ&-aegm&@ as Age@eééé Iaﬁesm@mh@néoﬂea&ﬁéfsbed in
detail belo The sizes i nt érnal volu cont ai ners_202, 206,

210 and 214 r?&?“]xﬁalbﬁ ﬂé‘ﬁé‘ﬁh"l’ rﬂ‘j’roPPlldHEg m%'am@aw% GFﬂldogPﬁ’g“g BiFtessed. In
a non-limti rtgemmal e, ThO dthbnecon2harayhbeld Gepabiwbat bat ditngage

appr oxi mat el y,c530 o (il §OALNELS 200 38 210-ARY: 9! atel y 1000

m and cont al ner Ween “appr oxi et e y course, other
desirabl e si fegail below, the disposable processing set may be joined with

containers of biological fluid, and the fluid may be transferred
to conta_iﬁers of the disposable processing set. Further details
about these disposable processing sets are described in the U.S,
' patent Application entitled *Fluid Processing Sété and
.organizers for the Same,” bearing Attorney Docket No, F8-
5459CIP, filed October 11, 2002, and incorporated herein by
reference, in its entirety. l
One embodiment of a disposable fluid processing set.
200 is shown in .Fig. 15. Processing. set 200 includes a
container 202, a container 206, a cdntainer 210 and a container
.214. The containers may be integrally interconnected with
tubing segments as generally shown and described in detail -
below. ~ The sizes and internal volumes of containers 202, 206,
210 and 214 may vary depending on the biclogical fluid being -
processed. In a non-limiting Examﬁ_le, container 202 may be
.capable -of holding approximately 5-30 wml of fluid, containers
.206 ‘and 210 approx:.mately 1000 ml and contalner 214 between
approx1mately 1000- ISOO,ml_ Of course, other desirable sizes
- and volumes may be used-and a:e_ within the scope of the present
invention. | | ' : o
 Where the.diSPOSahléIprOGessiﬁg set is_usedrin'or:ésf




and vol unes may be used and are within the scope of the present invention.
Where the di sposable processing set is used in or as -36- part of a

pat hogen inactivation treatnent, container 202 nmay include, for exanple, a
phot ochem cal agent which is mxed with the biological fluid. Exanples of
such photochem cal agents include psoral en conpounds described in U S
Patent No. 5,709,991 and conpounds fromthe famly of phenothi azi ne dyes
such as, but not limted to, nmethylene blue and riboflavin. Container 202
may be nade of any material suitable for holding such photochem cal

agents. One such naterlal nay be a bl entf of ethylene pol ypr opyl ene,

pol yam de and a k co et hyl ene but | ene wi term nal
bl ocks of poI9 yrene %§o¥ na':tlva&egn p%el?% tec)ré’méﬁ'1 Eid erzgzvaliabl e from

Baxt er Heal t heciude (:oﬁogoremmpén, un ddptodienicite 2P ¥hiclCdat uixedr wgp

i ncludes a tueh@gbﬁﬁggml 4Q93; gxt eﬁﬁﬂn@mes het efd@MABLLeMiA ages@pl ed end
204. A second, tubi ng 205 extendin cont ainer, 202 is_integrally

connected to &BTHUEF nefSO3BE" | (FOH Er Sibtfdredt, e phttBEnelfcal agent
may be cont ai Aeths0s91 Eredicopmsmds WELdw rtheomhneinyerofzesenot:hmzehy éf¢smi nati ng

the need forafupenarale g0t 3hneka23. faLebaldl norkhaBhounshenipal

agent. In sti anot’her "enbodi nent m cal ent %
conbi ned wi t hCPH@iBFTI1208i B2 9 aRee (i GFYt‘E?’iEBHi'deﬁ“”E%Plﬁhéc’r diedpigabl e

processi ng setsuchehowcaafﬁhtoe;t w@cphotmﬁhemmathtagamtmayrmy dalienglomded in a
cont ai ner .201 sed to m e biolo |caI a HI d cgi Icect edoirom afdonor
(Fig. 17). CoRt A A&t 58 p refer & \} a ?:on ai fer "'t abFe ¥Sr ol di ng

t he bi ol ogi cagthlenel dud | lbgtﬂeght withatteeninal Adecksli nfl yolystyirenglesir abl e

that contai negodéndia rﬂ?&ﬁl@ Q:ff asucﬁil qiker Al alilee, avResHTRP! Bk GakBdCri al
that, is translucent to |Ii of the selected wavel ength and sterilizable

by known f or niealshcagiee Gorp |18‘h YRS UdPRgRTR F 4L by i | FOREABYE Phmm and
el ectron beanidadied i:0rcvbbgr sagasml e03waateadidme theoattopr adudhvidg abe

treated incl “QeeasteQI %\?tAbl Lat elets. oq{d lE{n? % gs‘g@gggg}gt Qeomt&g@t#@%t] |sI to

be with light in the range, contal ne materi a
subst ant i a| | yzqz( aks| ma{.;y mnected to container 206. In another

embodiment, the photochemical agent may be - contained or
predisposed within container 206, thereby eliminating the need
for a separate container 2062 for holding the photochemical
agent. In still another embodiment, the photochemical agent may.
‘be combined with the biological £luid prioxr to joinder to the
disposable processing set. For example, the photochemical agent
mway be included in a container 201 usged to hold the biological
fluid collected from a donor (Fig. 17). |

Container 206 is preferably a container suitable for
tzol_ding the biological fluid 1!during light treatment.
-Accordingly, it is desirable that container 206 be made of a
clear, durabie, thermoplastic material that is translucent to
light' of the selected wavelength and sterilizable by known forms
of sterilization including steam sterilization, gamma and
electron beam radiation. For example, where the bilood product -
‘.to be treated includes blood platelets or blooti-plasma and the
.tre'atment: is to be with light in the UVA range, container is. -
made of a material that is substantially translucent. to UvVA
light and remains ‘stable after sterilization. Such materials
‘utay include polyvinyl chloride, but more preferably, way be
blends of thermoplastic. polymers and copolymers, including:




i ght and remains stable after sterilization. Such materials nmay include
pol yvinyl chloride, but nore preferably, may be blends of thernoplastic.
pol ymers and copol ynmers, including -37- general purpose pol yners,

el astomers and the |like. One such material includes the bl ock copol yner
descri bed above which includes a central block of ethylene and butyl ene
and term nal bl ocks of polystyrene. Bl ock copolyners of the type descri bed
above are available fromthe Shell Chem cal Conpany under the nane KRATON.
The bl ock copol ymer may be bl ended with,other polyners such as ultra

| ow-density polyethylene (ULDPE) and ethylene vinyl acetate (EVA).

Cont ai ners mage, bt Bﬁrﬁs@n%eﬂme'i@t ebidond e aval kabl e fd om Baxteen
Heal t hcare Corporatijon of fiel [1'linois under the nane PL-2410.

Ot her ther nopPasRsiel ABERERS §hﬁa§°18‘lﬂ§o°%%ﬂ§ﬂ?’f abrseribed c8ht'E B <Bos,
i ncl udi ng ma.tiﬁdilualaﬁ 4 NeIntFh N H1KRATEN, ethyFeneaaad noltypeepydreneerrinadnt ai ner

made from suc Q t
Cor por ati on ugd0 tﬁe OIke %JL%E/'B gjé%&lblcg%glﬁgg}%ﬁ%t S{E‘f I—@%Hewta{%r%abec}f or
cont ai ner 2062bene wde ﬁYE&éP@gﬁ)lmr $he uEhe1ds Chemirgt efenpRPYio MeFh e ne

(PTFE), PFA OfakOP@inyo®r s Tmlmcﬂg cs,gsig,metl Wey opol yrmRasa Goed adurer 206
further includes a slit 207 whj

scribe pla ed over
" retaining tabPi8EerR P 2HoY ir(‘i?ntg‘?"hg?n%g |pﬁgY€EF2‘¥¥e%e %’%’g seggrent 208
whi ch may be ethyieegraidyy scehaset d8VAI0 a CvorpdigmienerngiE) ofl khehblemeiogen

I nactivation gf, 0o ng&aévalh%ﬁ £CRANRAKDS! Pkl tiBe fQrp8XATBheori ncl ude
an adsorbent material .211 f renmovi ng excess photochem cal agent or the

bypr oduct s of De"l’?frée%ogﬁ%l‘é’f’il%dﬂdﬁﬁ Holees PLTAYY - ad¥dieheheeTmaptiatar may be
cont ai ned .i n matsRAkIPehdEadllse peucduitprlel efablopnadinexediobo tiheludieat ai ner

wal I's or por t jns Lhetgel,ithl Nrbe Al b0 fha0iienc O £UhAlAgE. 210.

The. interior contalner 2 sufficient to hold the
bi ol ogi cal flwkde ffrmnseehtﬂmtﬁmal tecrlsguatridablonfarmdexand Heatthe@der bent

material are ghgek9sRAl iddelOr@cdehaid bi-BgPendisbgipabendr apRldabaki On
entitled "Pl astl c. Containers Havi ng | nner . Pouches and Met hods for Making
|

Such  Cont ai n'é‘?“'sarle\}ﬁ cFon sCRREAIReY i 288 PAtIYCantdREPEP HBFER £H°H n®fhe

" polytetrafluorcethylene (PTFE), PFA or copolymers including such
fluoropolymers. _

Container 206 further includes a slit 207 which, as
described above, may be placed over retaining tab 186 in tray
90. Container 206 includes é tubing segment 208 which may be
integrally connected to & container 210.

.In the pathogen inactivation of biclogical £fluid,
container 210 wmay, for example, include an adsorbent material
211 fof removing excess photochemical agent or the byproducts of
the photoactivation process. Theb.adsorbent material may be
contained in a semi-permeable pouch, preferably affixed to the
container walls or portions thereof withih the interior chamber
of cbrtainer 210. The interior chamber of container 210 has a

- volume sufficient to hold the biological f£luid from .container
'206. Such a container and the adsorbent material are disclosed

" in more detail “in copending patent application entitled "Plastic
Containers Having Inner Pouches and Methods for Making Such

- Containers“ whiéh iy being filed simultaneocusly herewith in the
ﬁames of Mahmood Mohiuddin, George D. Cimino.and Derek J. Hei,
and is incorporated by reference in -its entirety. Materials -

such as those used. in the PL-2410 and PL-732 .containers




nanes of Mahnood Mohi uddin, George D. G mno and Derek J. Hei, and is

i ncorporated by reference in its entirety. Materials such as those used.
in the PL-2410 and PL-732 containers described above are suitable for use
in container. 210. Container 210 may al so include a tine-sensitive tape
209. Tape 209 changes color with time, thus informng the operator if the
bi ol ogi cal fluid has contacted the adsorbent naterial for a sufficient
period of time. Container 210 may be integrally connected by tubing
segnent 211 to another container 214 which may be suitable for storage of
the biological fluid. As showm in Fig. 15, the portion of tubing segnent

211 that comypiGabes aWold 4heqsRbeTd @br AlseCONBhAEHe210 o.My i nclude a
filter 211a to capture | oose particles of  adsorbent, if any. Container 214

may include and/or be cEPUBIRFRRL0 (BEerlAhdPalYnal t 0% s thV frdPRar ry bar
codes 222 or ebher Thpsi 2o@ tHabepr oalicde winh okmEd, othuabaufotmiagbitbkogi cal
flurd. For ex I r d Yiq (v, . uct,
the | ot nunbe(rjg%}r%t_:ts ﬁePgi Bﬁ%gig%alﬁsﬁag? (f,lhg(ggl} %rsfat"l:otgrggc a%g_q{elllﬁdtatﬁ %ﬁ{eﬁ?ke. :
Cont ai ner 214m@@Friphdiogde addicieanarerpet ootld®-or REreingr 220 WAFEh are
used to provige iimkegrmtiononfgaledi NG t bevishat sigmeff PRRAOIRSSamdthehe fl uid

treatment (descr.ihed in_pore .detail el ow) . ntai ner 214 may, al so i ncl ude
aslit 226 anﬁ?lbtram%’f)e%tlﬁre‘g"lﬁg&ma?’:mg? ors\{%‘fae]?g%ne o7& 4 5r 1 fsp(‘):ﬁl%li ng pegs

(193) on trapidegidslt cilnadls Suclshasn thnoFdgdeser ithedpattiva af etubdndt abl e

for use in CORLAINEr 2131 %haCRBLAIICE Bl 41 BYNE! SR eridCl#deoalRLl B0 POUCheS
214a and access ports 214b to allow for fluid access .during |ater

transfusion, B wiPFIWE racddhifed?by? ERhoSEPE Sor 9975 yPRIEGFEES | At an
al ternative eabadbemnt if dirgposabl e processing set 'may include a single

contai ner for housing t&?ﬁtgﬁgb U olpt erisals of o ai @erca%g[gléamgff or
storing the biological, ui cf tgj{;}’ere%'g1 con]’ol ni ng ?ﬁ% fbunctl ons o
cont ai ner 210regedving a dedel | B WHeh emayTHargy shas A5des pRot o5 HFgeset 200
descri bed her gidicifayndtr pheAal nehttdaat ianginbhe BRIDBISIoI88.1 asR)iadi sposed
wthin  tubing Sequents BS: SHIUD 13 FLP-1alReidy 8RO RS MRS S 430, 2T e
the lot number of the biclogical fluid, expiration date and the
like. Container 214 may include additional bar codés or indicia
- 224 which are used to provide information regarding the status
or progress of the fluid treatment {described in more detail
below) . Container 214 wmay also include a slit 226 and/or.
apertures 228, 230 for placement over corresponding pegs (193)
‘on tray 90, Materials such as those described above are
suitable for wuse in container 214. Container 214 way also
include sampling pouches 214a and access ports 214b to allow for
- .fluid access during later transfusidm, as will be recognized by
those of ordinary skill. |
In an alternative ewmbodiment, disposable processing
set 'may include a éingle container for housing the adsorbent
material of container 210 and for storing the biological fluid,
—'thereby- combining the functions of container 210 -and 214
" described above.
. The .disposable processing set 200 described herein
may further include frangible members 230 (a-c) disposed within
. tﬁbiﬁg'segments as shown in Fig. 15. Frangible members 230 are
‘broken at the appropriate time to establish fluid communication

. between the containers of the processing -set 200, . Such.




broken at the appropriate tinme to establish fluid communication between
the containers of the processing set 200. Such 39 frangible connectors are
described in detail in US. Patent No. 4,294,297 which is incorporated by
reference herein. Tubing segnents of disposable processing set 200 may
further include indicators 234a and 234b on the tubing to indicate proper
positioning of the disposable processing set wwthin the tray 90 (as w !l
be described nore detail below) and/or to serve as indicators of where
tubing is to be severed and sealed. In gpne enbodinent, indicators 234 may
be plastic rings disposed around tubiﬁg segnents. O course,. other tubing

i ndi cati ng e Ano g of;a,fd ui ssing set
is shown glasn‘qq%% ﬁgﬁngé orsl%’ne E’Qg&&g’%l gl p@%ﬁsm ng ésetpq!fg'g)togfgso
i ncl udes a coﬁtf{ﬁ‘lné?" ME%lJ@h :-@a@!m%%teai ot eEResricealbeagint , BPEBnt ai ner

244 whi ch hol dsgleh€s bbo! @Gigeabbilel YrocdeindUsdd Gl mhyeabr@Bt, idc1aat ai ner
246 whi ch i ncludes an adsor bent ma%erl al for renmoving éEgcess hot ochem cal

agent and/or PHEBYPrOdttYs B #HE Mot Bict FYRPF orfOpr BEAEREe JRePPs
cont ai ner 248psuiitiaiing P6rthestddspapebbd rrheedsioboggcalithinittie Gmt &P ner 248

is adapted tod e\?ﬂ'lv%el gl 349 \%I:J‘ Rk £OHERA" QBRSY thdigha agd may

i ncl ude addltlona Indicia 251.1ncluding, for exanple, additional bar
codes as subsiRHHCREPTS, ofetbstenEwPigEole £ he c’?ﬁYFF%%ta“fios?%dcon{‘hl‘”ﬁEr 210 of

the earlier desaindf] endndicornt234cedat denplastd6 g fliomsehramghddevi ce
whi ch i ncl udeg adsor ben%Fmate Coulzsle% QHﬁe;?q:%ﬁquotmdQ%%‘iia g(ear%hq‘gger f or

hol di ng t he b|o Oal s UId any ‘signiticant” perio f time. Such flow
t hr ough devi cks vgee- described in International Publication No. WO

96/ 40857, which is incoipRehat %qbocmﬁeﬁt,efoer@rnalaeg&%b@ssﬁgsa&sabl@omaoceSSI ng

set 240 may further _.include gn air erv 256 and air

reservoir 258 pFsvi d&s ai® t'6%hetp '36358?53811& BHPEEIPY uPY f{'q m igﬂt ai ner
244 and air simiu@é&8 a e:oetmre&{?_emlm rcaexips leeghdtroghresiclagesnteoat ai ner
248 after pro, Eﬁ‘%ﬁm&t% FBRE" Y8hds .n?F‘q’ agfcaal Wuid5@uiBy bagarde Of

any sw tabl e | oconpatible materi a | ng the materials descrl bed
above. Li kevm Ereatpept., a contalner 24¢ which includes an adsorbent material

for removing excess photochem1ca1 agent and/or the byproducts of
the photoactivation process, and a container 248 suitable for
storage of the biological fluid. Container 248 is adapted to
receive label 249 with bar codes or other indicia and may
include additional inhdicia 251 including, for example, -
"additiconal bar codes as substantially described above.

In contrast to the container 210 of the earlie:p
described embodiment, container 246 is a flow through device
which includes adsorbent material .212 .but. does not include a
" chamber for holding the biological? fiuid for any significant
period of time. Such flow through devices are described in
"Ini:emat.ional Publication No. WO '96/‘40857, which is ihcorporated
by réfeérénce herein. Disposable processing set 240 may further
inclucle an air reservoir 256 and air sink 258. Air reservoir
256 prov:.des air to help expel blologlcal fluid from container
.244 and-air sink 258 receives excess air expelled from storage
‘contaihér 248 after pro’ceséihg. Air reservoir 256 and air sink -
258 rmay be made of any suitable biocdmpati_ble. material,
including the materials described above. Likewise, the
" gontainers of disgposable processing set 240 may also be made

from - the materials .generally .described ~above.  Preferably,




cont ai ners of disposable processing set 240 may al so be nade fromthe
materi als generally descri bed above. Preferably, -40- container 256 is
substantially inperneable to air. As in the enbodi nent of Fig. 15, the
contai ners of disposable processing set 240 shown in Fig. 16 may be
integrally interconnected by tubing segnents 243, 245 and 247. Tubing
segnents may further include frangible nenbers 249 (a-c) for opening fluid
comuni cation between the containers. Disposable processing set 200 (or
240) is typically provided to the user in a seal ed package in a nmanner
that is easy for the user to unpack ant®use. For exanpl e, upon opening

the package, Li..l %eq{gfsgr gubst}a;‘%%a%go&%?th%%&e aCb(;rused first in the

fluid processing Seat'éd near age For exanple, in
the processing set 200 Ahdwnthe ﬁhj’ér%eHESOf Eent d15nth?023r\ﬁBmeG‘Sb@fl ocat ed

near the top @fsgobfniRapka@@sind @kl onRdskymContBigneie %Qy%e fﬁké@a&@lyby the

remai nder of the dlspos bl e qucesm n set. that includes cont ners 210

and 214. | n HYGEPHITCEE UURE) §eBERs Sty &8t P9I tfles ¢ P ner
202, (or 242 sewmehes emmooﬁureher ofndinge ffEngébld ewstbessic4d C oMl rﬁer shoul d

i nclude a sep@g@ﬁﬁﬁiﬂﬁ%&k&&%@kdﬂ Bk vech BRI BEANliGopYET W ap Lo protect
the contents phot ochem ca ent%ﬂ‘fbrom ex osure to Ilght whi ch

could result in prenatq}FBO%?(PtvaH’E‘?cﬁﬁSH’Ig £Re tG&héhtlcadls &yeieii¥n one
enbodi nent, thevidghted reper ﬂﬁ@:bl;el QV Gl jaeyade peraTaaandét \thageased to

t he outer vval |.S, otfmtgq__nt aj neg:r % npacg I}d‘prgf erred S%Q%qegeﬁrg poﬁ%ﬁl ners 210
0

and 214 my &Y cont ai ned i n-or ogether
be any devi cerespetkags. altcllanmretfhaxethﬁ‘s tbeg‘ém'ié#n@bﬁti’ali’me‘ﬁsd Zigst and 214

The hol der may, Qﬁe'fﬁaﬁﬁrﬁfodéﬂséfhgt @e HaRosalle i QepSsE rt.%esgscwa@erray be
provi ded separ at el reﬂ_gref era IZ .hol der 260, Eh wn, in % 17 18,
ey be 5 1 on e B o Hor HengieobiRa FEFarRy GRVILels | Fne 2

enbodi nent, hginleins26®orawonht| belelarabed t aearwdibe 262 \Mﬁl @:he s&pkagat es t he

~containers 2 f er 2P0Rwed! r epbo nt
hol der 260 ?lg%e@;bﬁ'de%?%?dgnd I%64 da% thg %ﬁé{rﬁgta% ?E%Fudes a
&

subst anti al | B@belpoﬁ{:ocﬁap%qg)ﬁet that includes contalners 210 .and 214.
- In addition, if disposable processing set includes container

202, {or 242 in the embodiment of Fig. 16) at least such
,éontéiner should include a separate and additional 1light
impermeable overwrap to protect the contents (i.e. the
- photochemical agent) from exposure to light which could result
in premature activation of the photochemical agent. In one
embodiment, the 1lght 1mpemeable overwrap may be permanently'
sealed to the cuter walls of container 202.
‘ In a preferred embodiment, containera 210 and 214 may
be contained within or held together’by a holder. Holder may be
any device such as ‘a clamp that holds together containers 210
and 214. The holder may be integral with the disposable
- . procdssing set or may be provided separately.
_ - More preferably, holder 260, shown in Figs. 17-18,
may be a receptacle or other shell-like holding device. In one '
. embodiment, holder 260 may - include a bottom wall 262 which
_ separates the containgrs 210 and 214 from container 206.. In a
.- preferred embodiment, holder 260 may have sidewalls 262 and'26-4,
a back wall 268 and includes a substantially open front portion
as shown in Figs. 17-18. In addition, bottom wall .262 may .
include - a. slo_t:', 263 to accommodate tubing tﬁal; _c_onne?:t‘s‘




as shown in Figs. 17-18. In addition, bottomwall 262 may include a sl ot
263 to accomodat e tubing that connects 41 containers of disposable
processi ng set 200. Hol der 260 nay also include additional side openings
265 (shown, for example, in Fig. 17) for holding tubing segnents of

contai ner 202 prior .to unpackaging of the di sposable processing set.

Hol der 260 may be made of any suitable material such as but not limted to
pl astic or cardboard. Preferably, holder 260 is made of a nol dable plastic
material that may be sterilizable and inpact resistant. Alternative

enbodi nents of hol der 260 are shown in Figs. 18A-18D. As shown in Figs.

18A- 18C, hol desontayndnaclofidéisgosable mcemqngr 'Eséia| 2d(r anmenqiaeti o6 &30 and
602. Frane por;isgnq ﬁ_@g gggﬁ@ inel ud h| nge 604 as
shown in Fig. . 188 nc 18 X Qrgarlggxfi%e ﬂe%?f (S ers ’g %02 may be

conpl etely sepHt :ﬂ&ﬁe %175) §HBV\?P1ﬂhn$|'@1‘31&98[5391“?%05015@4@%3160?(92 aneprsoz

[ IncI ude meang o0 npatkiaginag of OgRt hﬁarpobhmef b%&ssﬂié ls@ElS UG @%oni&etyl ng

sl ots 605 an r Lu 606 own _i.n, Fi 18A- 18D
i'ncl udes a cen rg?% gpglrfu ng tgbsle a{rfal\gnn 1h§ueléb%‘f l&‘ft dm&onltlgff"h ﬁﬂ aced

wi thin hol der B3@8ti® tre caxdpeardd t cPrdferdrliysi deldenvizsonnentmatie aifl ew

scanning by, fu1daeambesicd vhedriGRdensCarls’ taNdL oLy s FRNK %dbgm% kers 76
as described below I'n one enbodi nent, container 210 i's placed 1n the

front portion BFiRc™er 260, such that a label to be applied to the
contai ner 210 and ot her AlLgedingt veornbiriinestd oo éiolddas eddo aﬁce smﬁoiad to the

out si de envi r@qggntlg;\hggwglh A:Nen8 ‘marhnog‘rlggonlﬁgfméﬁo g%e aaB'eImc Sfigan in

Fig. 17. For pufposes of | ustration s shown as
applied to corftgi ﬁ’@tmezﬂﬂpa¥waloﬁ@“€nﬁ@tﬁlﬁ%t6°€o?ﬂdaﬁ%{ Zxamwyrhmnm ncl ude

| abel at the taoneana)fsomayam]am@bahdm&mm higesked rRdshQrC Rt Mgner 214

froma contai rggr d; ty ol og{ cal "r“’F%}Sel ter |veI cont ai ner 214 may

i ncl ude a | abé ancadditiERA FF%n Qo@Pgq 697 JPRY bg

cont ai ner of @Pmlﬁ}ﬁ&,}alsebhmhie 22 arqwnemrﬂi,g cbs#t.ai Meand lgbrtiays b@of ol ded
in half (or tihafeddedh et h«femtf%knséc&lﬁg (@g8thed Phdetlal 3686 Jghi nd

cont ai ner 214 I.n additjon,
such as mating slots 605 and pins or lugs 606 as shown. Holder

260 shown in Figs. 18A-18D includes a central opening 608 to

". allow the label of a container pléced within holder 260 to be

exposed‘to the outside environment té allow scanning by, for

example, a bhar code reader and/or marking by warkers 76 as
described below. ,

In one embodiment, container 210 is placed-in‘the

“front portion of holder 260, such that a label to be applied to

the container 210 and other indicia on the coﬁtainer itself'aré

exposed to the outside environment %hrough the open portioﬁ of

‘holder 260 as shown in Fig. 17. For purposes of illustration,

-in Figs. 17-18, label is ghown as applied to container 2i4. 1In
" one bmbodlment container 214 may not include label at the tlme
.of use and a label may be transferred to container 214 from a
container of biological fluid. Alternatively, container 214 may
"include=a label and an additjonal label may be transferred £from
‘a- container of biological fluid. In any event, 'container 214
. may be folded in half (or tri-folded) with container é1o {also
folded) placed behind container 214. In addition, folded:

~ container 214 may be lightly spot welded at its ends to keepftﬁéf‘i"r

'”',cbntainér‘7fqlded and improve handleability of the contaiﬁer;*~'




container 214 may be lightly spot welded at its. ends to keep the
container, folded and inprove handl eability of the container. -42- The weld
shoul d be sufficiently strong to keep container 214 in a folded position,
but not so strong that undue force applied by the user would be required
to di sconnect the welded ends. Spot welded ends of container 210 should
rel ease when tugged gently by the user. Methods of Processing and Treating
Fluid The met hod of processing fluid using di sposable processing set 200
(or 240) and treating a biological fluidswith [light in, for exanple, |ight
box 10 will now be described. Although the follow ng description will be
provided in tlme ednt ekbuldl bpracessiengly harbh®lgked) dohbihek-Obisuypsequent -
i nactivation qf 0 Ny iological flujd, it should he nder st ood
that many of t gggétegpg‘?%§§%€'i %te}g el 8%%%?%%8,: bdé’du%af?"rr%oa%’sfe‘? g”’ot her
fluid processithg Wifd vt Pagremi ot Abrcondertn ghe | weldky cengiat hogpen

inactivation. wEleed ehiovnGoessilPbi OMotid |rdi€adl QACH RGNS

di sposabl e -pr%ce%ﬁl ng set of Fig. 15 .as an exanple, although™t Wil be
under st ood t hat the"*Hescription may also apply to other processing sets,
such as the set of FigMe8hodsnoAdroreariog and frdhengratihod of processing a

bi ol ogi cal fluid such ag,bl g Si Ss] set. 200,. a nt ai ner
of collected bl ood or biolo ?églgﬁ f{tgi %@?B%)?%\sl gie"l(}% ‘%ftnﬂoudglﬁpf’%é\ebqﬁet hod of
col l ection i sPERFEAYY ﬁ@ts"c"gpéo’bfz‘*f’hemdpflé%aéﬁf‘g Fppirkasticeh flpepreishnt ati ve
met hods of coltigatiig orodxamsieduatignt NEbLiden t e 1WA B di-aRg; ynual
centrifugal i ration and col |l ection of blqqd. products,

nenbr ane sepaggﬁgﬁﬁo?gﬁl gg 5’?’6 uc%?gécral gl‘f’hewﬂlkgt.’e C?l’éovég'é‘?rpllﬁ 0Bf d
centrifugal DbFeF®Xpr ctfesBrengseing ehhd s bipkogAkICUSIrId Separsmbseqsotd by

Baxter Heal t hgmic®i¢RERAr 8f | RRhodRe@a il GRS n951dgia L GhLEE! 110N HBIROH.

cont ai ners of he coﬂ{ I zlct ed bl ogd product w Il _ty(gl cally bear a [abel that
i ncl udes i nf ofMETTORY F8AL I F3YnGTt FBe fFFfBF, desrEiBPOREIPY oBRE ta1sgnke | ot
nunbers. Most canriied addty insonteri Afwdmptodsissnd raes etfading methead anar of one

or nore bar ggg%tofh\;oa_ligelﬁﬁ&gen%hg&i%olﬁ? The following description
© will be provided using the disposable processing set of Fig. 15
-‘as an example, although it will be understood that the
description may alsc apply to other processing sets, such as the
set of Fig 1s6.

) In accordance with the method of processing a
biological fluid such as blood using the processing set 200, a
" container of collected blood or biological fluid is provided.

‘Although the method of collection is beyond the scope of the -

present application, representative methods of collecting blood

- products  include the automated? and manual centrifugal
"."processing, separation and collection of blood . products,

membrane separation of blood _prbducts and the like. One example

of & " centrifugal blood processing system is the AMICUS®
_,Separai:qr sold by Baxter Healthcare Cofporation.

_ Regardless of the collection method, containers of
-:_fr't'he_ collected blood product will typically bear a label that
~includes information identifying the donor, the blood product
'_-.émd lot numbers. Most typically, such information .is presented
_in the form of one or more bar codes on the label, which can be
- scanned and read by baz;‘ _:cod.e_ ‘feader', such as bar code reader 41 |

i-.,‘._-,f light box 10. Such labels wmay be removable and transferable -




scanned and read by bar code reader, such as bar code reader 41 of |ight
box 10. Such | abels may be renovabl e and transferable -43- to container 214
of the disposable processing set 200. Typically, the collection container
will include a tubing segnent extending therefrom Accordingly, tubing
from thé collection container 201 and tubing segnent 203 fromthe

di sposabl e processing set 200 are brought together and joined in a sterile
manner, as shown generally in Fig. 17. A device that is useful for the
sterile joinder of tubing portions is _gayailable from Teruno Corporation of
Japan and sold under the nane Terunp SCD. This device heat seals two
opposi ng t ubi ty copuaimenrsi4i Of achet @i€pbealenpicesdityy Beatzobr om t he heat
sealing kills any bacterja. firomihe i envi ronment. .t hat enter or
reside in the tubing seggr{g%asl,lgt h%&eﬁ%y%édégg?v?oﬁléaf%eer w%tlierluf(iltr&ggo? t he
entire procesSifIsEeametr evignsidng arRerRET¢bd Aavdraingdrat bebingr frem ni ng t wo
tubi ng segmentre VddlhecuTBhNbahtHiAG: S610Tdddl tbIRY RENEHETe30NG8nt ¥R NY
segnment s have geggaﬂlgi n]_ecgjd frangi bl e ment%er %gOa is_broken to provide an
open flow path From B OEsF 1L £FbIF oAt R PRgYaNs0 o955 heR oA Hieet™ 206
(Fig. 15). PhotechenimgrieragentshovpngependHiynén RiQ2 1%. alassdealdeowmsk to fl ow
into containefg 2Q8arAf t £ L d s f . ontai ner. 20 i ng. segnent
may be severed a qE%eal ed an%gtﬁgéﬁgrgt ?}(r)or#g?]pt %tg %’&B%s%ﬁé%%oc%ssi ng.
set that incﬁ]’d‘éga ntaPhefe2me SPrPOrpeione 6F| derdtorRrdofpid itdes) th1 are

di scarded. | neineatrerund34an. pr auisledsvide  RéAr @RBEEs PRI toppSeimy Wasigy t he
tubing is to he..saevered. i eferable that the Indicator be.placed as
close as posljs?‘)i Bf%%togjt %esé%rﬁtlgiﬁgér}ne%% Jg}(?;e t}f%fil% r%r%()s th¢ f‘ﬁ%t b‘ie&ﬁb‘g‘i cal
fluid is retdiAés 3 FRAtEEAL Arerertheoeutside eentirpamanys thif kelyy enter be

'm xed and treat eskidBefor eend albsly PhanREes! Qfheddhs di2RESAMUL ¥ OCessing
y _scan the | abel and othéer ~container indicia

set in tray %(gér&p%rat r,.ma | !
with bar codé Teader ﬁgtlﬁareméb’ife'?r?ﬁséﬁgt%‘ mBf nCXB At ai #Er "ERRRE - 216 or
the cont ai neranilt spitafrapysp\iodejeigngi net rrubbrt segtdnts nioileabanitaiedey di ng the
|b|ng![ ?glrrgﬁlt ];Lgéégiiigy%y bk gatkgd. Based on the data, thg light treating
oo . Once tubingr segments have been joined, Frangible
member 230a is broken to provide an open flow path from the
-collection container 201 to the container 206 (Fig. 15).
Photochemical agent from container 202 is also allowed to flow
© into container 206. After fluid transfer to container 206,
tubing segment may be severed and sealed and the portion of the
disposable processing. set that includéd container 202 and the
collection container(s) 201 are discarded. Indicator 234a
. provides a referénce point as to where the tubing is to be
- severed. It is preferable that the indicator be placed'as closge
as possible- to.the container 206 so that most of the biological
fluid is retained within conéainer 206 where it is wost likely
to be nmixed and treated.
. _ Before or -after placement of the disposable
T processing set in tray 90, operator may scan the label and other
Icoatainer indicia with bar code reader 41. Bar codes 222 on the
‘main container label 216 or the container itself provide the
instrument with information_régarding the biological fluid to be
treated. Based on the data, the 1ight treating instrument or
“-operator prescribes the light dosagé,aﬁd then calculates the

duration of the treatment.




operator prescribes the |light dosage-and then cal cul ates the duration of
the treatnent. -44- Container 206 of disposable processing set 200 is
typically placed in first conpartnment of tray 90. Slit 207 in container
206 is placed over retaining tab 186 in first conpartnent 188 and hol der
260 with containers placed therein is placed within the second conpart nent
190 of tray 90. Slits and/or apertures in container 216 are |ikew se
pl aced over retaining tabs or pegs 193 in second conpartment 190. Tubing
connecting container 206 with container_, 10 (and/or 214) may be pressed
into the slot in wall 192. It is preferable that the tubing be positioned
parallel to the di rectl abn@finkhe264 d@ftdl'sp5$diﬂe0§>‘ifb&é§1hgnsglf oydglegs by the

agi tator assenbl scr bed .above. This ensures t fluid
Wi thin tubing Y?e i29(5:§g| & b st Comé’art“fen Sét‘b’?ayﬁﬁb n oﬁf’z Porves as
a reference pmnn%mfeér v ekanedacdd t reext ubdtrgning abhbo 1$6r vios Asrst

reference poi MdompQemEANtideNSda RbAGETEES WA¥h GRSYELNG aSubskaptial Iy the
entire contain mI) ('jn biological fluid therein is Wlstﬁféce he fi gfl]di :

light. The indl éﬁ?dor“”ﬁgén affetcaf CofREREEtt HEA Ohe tRRYL AC of F%‘:%I ot .
Once the cont andés:s aliee:tuﬂesi héh r comspaet | Y86 ﬁﬁéTpal[]EéFﬁIQbS bcéd ayvdd0, fluid

d b 36a (F
4 13 pressed shanidob g 88 (B ) Pelel Siba B g ool BT | )9

36a serves aseRPEGfRgtganEaineFuR0pffith) <F°ntﬁh‘é‘5rd669 i(@ddpénZH)h@aY $pst em
wi I'l not per mptreﬁénsa &ﬁﬁatﬂmntslb@ A QREEM ool ghLE boXpAdketRilldast: athe

pr ogrammabl e sof t.war e- based .cont r.ol stemto_contral

operation of %uﬂﬁ o?osf(‘flo cgpc%ﬁﬁeél g%y'éll rﬁs¥‘§c'ﬁé°ﬁef’ﬁl (&7 a"‘:’r&e e

di agr anmat i calSIl?e ogepiléeeipn previged 19 23e Agisdtown dssekblurdscihed3, the
system tests,gRNi t Ol ANGuLGRE" UnduVal | QR 38R CER:Qf vhi&ﬁnll' 9fibidyox 10

and treatnent operation such as the start. up, container | oading,
cont ai ner. tred&f 2 *eontsa méredml 63%%5%%@%@% PhE FIGRE DX
operation. Th&"eﬁmhé®|poﬁystﬂ:m atteraBicd b ﬂﬁﬁltﬁ]bﬂfg bot tale sasiekods @r

advi ses the OQQEQFEQEQ oﬂﬂf tffo%at g&{ltai érat Bga qiiegy g{}}y ele%g%ringajn that
alphanunerlc or user |nter -ace
substantlally the entire container and blologlcal fluid therein

is within the field of light. The indicator has a diameter
- greater than the width of the slot.
Once the containers are in their reépective
- compartments of tray 90, fluid carrying drawer 50 is closed. As
- set forth above, plunger switch 36a {Fig. 4) is' pressed when
" door 36 iz closed. If door 36 is open, plunger switch 36a
serves as an electrical cut off. If, the door is 6pen, the
system will not permit the l:reatmeﬁt to proceed.

Light box 10 included a programmable computer
software-based control system to control the operation of light
box 10. The control system is generally and diagrammatically
depitted in Figs. 19-23. As shown in Figures 19-23, the system
‘tests, monitors and controls various aspects of the light box 10
-and treatment operation such as the start. up, container loading,
container treatment and container unloading stages of the iight
box operation. The control system allows the operator to take

-action or advises the operator of the treatment status through-_
‘either an alphanuméric or a graphical usex intefface displayed
' on screen 37. The various functions may: be J.nltlated by the

- operator through control panel or automatlcally by the control




" Figure 20B, the control

on screen 37. The various functions- may be initiated by the operator

t hrough control panel or autonmatically by the control -45- systemitself.
For exanple as shown in Fig. 19, after the operator has turned on the
instrument (step 700), the control systemw ||l initiate a series of steps
including checking for file system integrity 700a, |oading the software
700b, displaying the graphical user interface (GJ) screen 701, and
continuing to initialize 702 the Iight box 10 until a screen is generated
requesting the user to log in 703. After, the user logs in, the main menu
704 is displayed. The operator may then Select from the series of

avai |l abl e funglioqs ¢ ncluding the treatment function 706, the print
function 707 or the illum nate setti ng M Alternatively, the operator may
choose the exit functi of°* 7Femple &8 F0¢'fe 18y E¥emloDi 2igitasthe WRERYE 710 may
al so be sel etiaedrandd per tbhe rmﬁ;rﬁnwatcaltby ) e ebierdiesyHtemi @l |1 f the

treatnment fun 0@ | 1.0...19 |s Sg e copntro syste through
t he program‘re§El té/a?es\%lrﬁs c'aflu ot | ca?‘il mae{:léef(%”ﬁ Q * 488t F¥R mm
appropriate 7113'3%ﬂ¥dtlﬁor"é’°apar]1°ﬁ‘émsar Fge ﬁﬁftﬂal‘fghﬂ%bx 1@Sp‘sa}pn9pa:hed for

treatment. as g&b@waall Osdr Jint@0fucelNie®n) f QérexanmBle, and thRigYSILMdet ects
one of the sensors or other

a failure. |nthe ht ource failure i

equi pnent, an gt %% % 41‘#‘? ﬁ”% kol s"pﬂtégea EREEThetusBrerbedl be
requested to presstime tétnteafeﬂtétalqmtmoms Tr Bftterenbe usek| 1ddsemin nathebe
enabl ed and Wighis by PFOCaRd d&'é}%]l'alye& he Th@o%rraltgﬂ mays cheledhede £doha

treatnment is epabl ed however system determne 1 f treatment
was ot her wi se *Bangiegqot 73‘5311FP1?10‘E‘1“°H%‘95)7§§eF’ﬁ‘%“Idlmﬁbr@??pttrFﬁ@“%Berat or
to input the femmtiahnars, (the pxﬁh0|ﬂgic€1?dn flowi ¢k dhef Prr@Ehen éberingant ai ner

i nformation be o 0L scanni ng bar codes, 222 an, for
exanpl e, conrglgner }9%%% own I n oPet%ét heaysf/:s T g‘ga?’ﬁ tdtzaf B ﬁes if
the treatnent 7p¢ oé‘és%x%astﬂﬁe@ﬁs‘é%mcel Piadnosfic tdpeckint a1q rean tdisobhg

i nformati on egéiettka aslae&r&laémécﬁ \»fﬁLlICQm; bﬁ% eRv1& cbhgigystem proceeds to

the next function or afze as _genera own in Fig. 20B. As shown in
)}g?e'—}ﬁ lgerﬂt Sf/'g}é:tlon 706 in Fig. 19 is selected,

~the control system, through the .programmed - software will
'automatically determine if treatment is>appropriate 713 and more
particularly, if light box 10 is prepared for treatment.as shown
in Fig. 20A. Thus, for example, if the system detects a failure
in the light source, or a failure in one -of the sensors or othexr
equipment, an error message 714 will be displayed and the user
will be requested to press the enter 7l4a optiom. Treatment;l
“will then not be enabled and  will not proceed until -the
. condition. is remedied. If treatment is enabled however, the
. system will then deteérmine if treathent was otherwise cancelled
.715. If not, ‘the system will proupt the operator to input the .
container (i.e. biological fluid) information 716. . Container -
_information may be input manually or by scanning bar codes 222
on, f.oxf example, container 2i4 shown in Fig. 15. The sys.t:ém
‘ again determines if the treatment process has been cancelled. If
.the data from the bag informationAentry-in step 716 is valid at
"step ‘718, the syétem proceeds to the next function or phase as
) -ganefally ‘shown in Fig. 20B.
‘ ' Bs shown in F:Lgure 20B, the control system displays
'-'addlt.:l.onal opt:.ons for the operator to select at step 719. For

R - example, the operator may proceed to treat:ment of the container,




addi tional options for the operator to select at step 719. For exanple,
the operator may proceed to treatnent of the container, -46- request
treatment of a second contai ner or cancel the operation entirely as shown
at step 720. At step 719, the user may elect to return or to enter the
next selection. If "Bag 2" option is selected at step 719a, the operator
is again requested to input container information at step 722 and the
systemw || repeat the steps generally described above before comrenci ng
the treatment process at step 724a. |f  greatnent on a single container is
to be perforned, the 'operator selects the treatnment function at .step
324, which is dgs€ti BehtnBniTREe 2 dgdcahk aﬁttamheMncaml LhE AJpaestidar 0Cess
at step 724 is %l ni,shed, .t he systemg ts the_user for anothe

treatment. |f “BhttHEr 2% (5 a‘f“?reaﬁt steR 761 edteftHt "dephroBceR ﬂ‘@ys?/getcém
returns to poitatreéfurn & o agAr tle naputselletivew baf) “Bagoznwptbm istep 716,
and to deter mgagedila 5@%&?“&1@@9 dHyf %é@&tloimré gag\éttlftquégée% £48;npii I e

continuing to permt treatnent to be cancel steps 715 and /17. After
cont ai ners hafeMFEERT PRIRERRCEPR Gt PERP §B2 3¢ the fivehe® “t’-iléa‘teﬁ’éﬁt e system

~activates thesteghigeserice. desbrilid, ab&xl‘ltﬁk:@:lfofﬁ)tdﬁinm&ﬂu&@dtﬁ@l’iﬁ'ea&n@hOWn in

step 728 of F ru S verlflcatton by t he
oper at or, g?crfeé%| %%mszgaa%| ngrﬁttr% I gkt%l ?el tean%aﬁaefhe tTeat ment
process gener BPI performed, sthep’ OPSEﬁtOForﬁeé&%H?plt‘éie |tr#e®¢t@ntetfﬁ@@ﬁw§ntat t he

instrument nmagcsl Sﬁ:;aywhicihe ﬂar adsdabsa nad r&cﬁfeg%taﬂoﬁfele& engiagy dhe be
applied to COEt ai ners, ected treat a runni ng val ue of

t he dosage pertEte Wel}?f"é’ce%sppe} &GP 0" the i dflbﬂ?eélal t?t uP P EaTr PRI ™ fie
treatment as thowasen feorepnd3B@r Treatmmwt wi IF cowthewetwedtesst t dsni nat ed

by the | OPET akOlechka ai QFR) 48] | shel S1INaALELRY. LOBALASTL URERLS] BopT eSPONSE

to an alarmcondition. I n one enb I ment, contal ner ¥ be mar
.markers 76 5P YWEtpHEh RAY r@gotnﬁq’-’@%ﬁ‘ﬁé‘mt SE8Rd 7aPt et ‘éa‘i%ﬁ‘f"-’tes 1f
conpl et ed. ThEhema;l’ekerimdﬁfbynaﬁ”ﬁdiﬂ(&I’s v&Liah| bt&y ate, Ofhidk hedntifieingTesks t he

bar code, nuvkj unreada Thus cont a| ne wo masked bar
codes 224 mdPQ‘g't &sttha gq:r g%.t ren cﬁlle éign ucjt;:leSSg?%ﬁltl conpleted. On the

other hand, if only oneaﬂyprt¢ﬁptalners have been placed into tray 90, to
© commence treatment the system activates the light source(s) -100,

shaker motor 92 and fans as shown in step 728 of'Fig‘ 21, ‘The
- -instrument way display, for verification by the aperator,
information regarding the fluid to be treated and the treatwent
_procéss generally, as at step 730. For example, in one
embodiment, the instrument may display, the predetermined target
.dose of energy to be applied to ceontainers, the selected
© o ctreatment time and a rumning value of the dosage percent being 
“applied to the biclogical fluid durihg the treatment as shown in
..-Btep 730. Treatment will continue unless terminated by the
~ operator or automatically terminated by the instrument in
‘respdnse to an alarm condition.
'In one embodiment, container may be marked by_mérkers
.Q 76 at the beginning of treatment and after .treatment is
" completed. ‘The marks made by marker 76 obliterate or otherwise
fmasks~the bar code, making it unreadable. Thus, a containér"
) with two masked bar codes 224.indicates that treatment has been
:Vsuccessfully completed. On the. other hand, if only one of the -
.bar codes 224 has been masked, this serves as ah'iédicatibn thaﬁ;#}f

‘treatment was not successfully cqmpleted'and the container*maf 




bar codes 224 has been nasked, this serves as an indication that treatnent
was not successfully conpleted and the container may -47- have to be

di scarded. Masking of bar codes 224 by markers 76 also ensures that a
treated container will not be treated again. During treatnent, the system
perfornms an energy calculation at step 732, which is conputed by
multiplying the light intensity sensor readings by preselected calibration
factors, averagi.ng.the. .readings across the sensors in the sane chanber
and pl ane and adding the reading receivegd for planes in the same chanber.
The control systemfurther verifies the treatnment status at step 734. If

treatment is cm;ral £b ek afissheRa. 73§askt1t1§ 8Y HLMBhdd shegk Lhgekeypad at
step 735a and term ne ep .735b before

f t he stoE ressed at s
Curning of f A L L e P L R A
updat e infor ITB.tI on on Deeidganprdathentas siEowaystienSt @ fédns and wadadge

contai ner recql s, Aliost &P Jt%ﬁ g‘Qnt Hknsyst &m F{g%/%g%ti elhﬁqt ogﬁa{oshakler

notor 92 until term nated. e resu ts are pr
i cr opr ocessorlight c dfteEriityr o¥aRsst ngeadings( dmuy) PG@%%lGﬁtecboﬁﬁh#éﬁatb‘?}ar d 602

(Fig. 33). Aftmictéssalaiertiging hanesxts&&mgén bbros@r APt sdRBrH PRI alher shie unl oad

containers at st 742 .a ma RL9 er to erforma ot her

treatment, if Gourred 9o %n det 23 %%5 f—ea MS0BC ’l’ﬁeed 5PHR Wsageﬁajsfl be
.repeat ed as ddwersaingy Ch@ré@e'rl be’theamerolrheyqnemceﬁgstmffr deta Ehéni Plee t he

i ght intensi t&eacn@%emtngr& 0 GHAI ents ¢ rERRERY @%&;ﬁ@ge@eattea&w ng the
treatnent tine based upon. a predeterm ned or _target energy dose 1S shown

in the flow cHart theofYeiey. woiacheglh Ehe dewRadGasten ﬁ'35"b§1nfl AgtSTREME ener gy
cal cul ati on sti¢p tR82step Ptay. wdd. pkésded aasstueedrishatbetssatmaingasts been

initiated at step. 724, , My, gl SQ.Cp/d esponds to steps 724 or 724a in Fig.
20B. \When treat%e:l |a§ m‘?‘"?ll gte% P| angrps 100 are illumniated at. step 770.

Li ght sensors 404 at- st® L eHaRey FAyrensticaint ursfatehénfeghRtion mrensity

fromlanps 10@neligpt 1580S0r ShARda€ Rl 31 hea GFASUr 86htak heuaipadd on
| evel into a si gngl ‘%teh & ftre uency that is related to tlrl\ sensed |ight
i ntenS|ty at gf B ontrol' system may continue &0 power shaker motor

92 unt11 termlnated The results are preferably transmitted to

.a microprocessor or central procéssing unit (CPU) 603 on
-computexr board 602 (Fig. 33). After treatment, the system will
prompt the operator to uﬁload containers at step 742 and way
-prompt the user to perform another treatment, if desired, as at
step 725 in Fig. 20B. The process may be. repeated as generally
described above. - -
The process of determining the 1ight intensity,
determining the éurrent. - energy dose and determining the:
treatment time based upon a predetefmined or target energy dese -
is shown in the flow chart of Fig. 21A. This corresponds, in
part, to the energy calculation step 732 in Fig. 21. It is
assumed that treatment has been initiated at step 724, which
also -correspondg. to steps 724 or 724a in Fig. 20B. When
- treatment is initiated, lamps 100 are illuminiated at. step 770.
- Light sensors 404 at step 771 make a measurement of the 1i§ht
~intensity from ~lamps 100. Light sensors ‘40‘4 convert tﬁe .
imeasured illumunination level into a signai with a frequency
-that is related  -to the sensed light intensity at step 771. At '
- step 772, the signals from each gensor 404 are combined by a :

' "multiplexer into a multiplexed frequency signal. At step 773,




step 772, the signals fromeach sensor 404 are conbined by a nultiplexer
into a nultiplexed frequency signal. At step 773, -48- the frequencies of
each sensor in the mltiplexed signal are counted to provide a count that
represents a conposite of the illumnation |evels neasured each for each

| ight sensor. The count of the test frequency signals 657 is then checked
at step 774 to determ ne the accuracy of the counted test frequency
signals fromstep 773. Since the frequencies of test signals 657 are
known, the count of these frequencies wdgd. confirmthe accuracy of the
information counted by the counter. This in turn, wll determ ne the
reliability oftHehérequemtied dheazBnsafisorsiignahs hinyIpsdeR EidnalAtast ep 775,
t he counts of 0 ignal s _ste 3...and the count of th est
frequenci es fréo%ﬁtésdteerk% %ﬁ‘?ld%rg ggér%a&élézt 5epcr8rs?%t§’p8n8i°%oségﬁn tg 1"Fhreom a
secondary or ldumingaien Jdens]haeapuradi rach ofarorfchr rhighat sdsgoxourts from

the primary seRshf®hCithé WdstafRqhhdyd sifha1st 687 7560 cn&Aldhbaddd 90 ste
provi ae a

coefficients a,rﬁ agpl ied to eaﬁh sensor coynt by CPU 603 to

corrected signal CBuRf e HBR e % REPERFHNCE cHRS F FRRERR stefite TTEAVHRSY duri ng
the cali br a_ti Gigpalec ddom estegs 770 | | Sheeexhé afmde:hﬁlesv\oi rn:da?tg_si@ilaﬁ_s Wth a
corrected si gnalh +£0bun CReO0%R2B: Ik RIEPELE: SOLL PERONGILNY dght

intensity level i ght sensing system

in Iight box 10 at step 77 g S
typical |y meadGFe@yhal| Fiht inforesdiony capied BrcEheveapteeconthis W8ing t he

corrected |i ghtirintwensidoter@aRUERIER]SabIARYY 683 the ORdunbUS Hny backakes t he

current energy. en el iver to one or b of treatnent

chanbers 42 a)r%él oa?l%4_%.p§“]i B"{a%édpﬁﬁon At%hgk%%rf%ht 8%‘?1ecr°§9£sdo°§[quﬁds?’ﬁé’rcurrent

corrected il [sgmiagt is6ep | Thdel andPthe arrudbt of nkhe tds¢ feemiencivp tfmoat ment

tine as vell @sep heral 04l chhSakEERd Jdr?@spcﬁﬁin% Budth £k 8l cbihiarPe! 1 Ver
o)

the target dose, ich was-identified as one of the treatnent paraneters
at step 730 i APt \HER 1R Gef i Husd© e FBRE thee SOMRYR from
t erm nat ed andhe |gnimhnateoningeabesit aire sékipl. 7 78a.stdhe77pr oeAIBrafion
cal i brati g t RBetdi00LnB0rb0 ahilad coPBhbn Obed APl QURACTS, 4BH Iehy! LSt ated
in Fig. 21B. The user first Selects the calibration node at step 780.
Pr ef er abl Y, aprovide a corrected  signal count: . These calibration
o coefficients are defined during the calibration procedure, as
will be explained below in Fig. 21B. With a corrected gignal
count, CPU 603 can determine the corresponding light intensity
level in light box 10 at step 777. The light sensing system
typically measures the light intensity about once every second.
- Using the corrected light' intengity wmeasurements, CPU 603
continuously updates the current energy dose that has been
‘_ delivered to one or both of treatment chamberé 42 and/or 44.
Based upon the current energy dosé and the current corrected
illumination level, CPU can detérmine the remaining treatment
‘time as well as the total treatment time, at step 779, needed to
deliVer the target dose, which was identified as one of the
treatment parameters at step 730 in Fig. 21. When'ﬁarget dose
~is reached, treatment is terminated and illumination ceages, at
‘,step 779a. ' )
The process of calibrating the light box'lo with a
pair of radiometers 460 iS'illustfated in Fig. 21B. The user
" first selects the célibration mode at step 780. Preferably, a
bar code on radiometer 460 is first scanned to identify the

radiometer being used at step 781. As previously explained this




bar code on radionmeter 460 is first scanned to identify the radioneter
being used at step 781. As previously explained this -49- bar code
identifies radi oneter 460 by serial nunber or the like, provides
calibration codes, such as for each sensor 469 in radioneter 460, and al so
provi des an expiration date before which radioneter 460 will need
recal i bration. The radioneter calibration codes are provided to CPU 603

for use in correcting light intensity neasurenents nade by the radioneter.
The user then places radioneter 460 in gge of the conpartnents of tray 90
such as the conpartnent that corresponds to first chanber 42 of |ight box

10, as in step bZB&odErﬂfeﬁEﬁdGﬂeﬁ,rzlcﬁ%m&&vm@u&iyysex@faicﬁﬁrhﬁf} 88 drat PfieSyst em
is started so thatldteg f‘q)r [Ete %easures light intensities from.I|anps
100 as if radi 6heter- 46058 ’ef’rbl%‘f §t c &% | ﬁ?dfﬁﬁdS?‘ﬂfrﬁ%\‘EsﬁEnt‘mA&n
previously des@ndm'dtelanﬁﬁoas agdowd sbn pEpygidet4An rexgdicmaber d406 heorei ght
l'ight sensors w468 di.apases: Oasoe%*hs'ngsd %&Elﬁx%‘ééoéensé‘ﬂé }a%?rfleeélr”ear

the corners and he remai nin our sensors | ocated nore centra bet ween .
the four cornefdli : PIRBIE £odas gé%ll%‘f?@t‘@‘?d AG0OCKHY 1603 pEer ﬁ@&sml‘??g“rF‘F‘@ﬁﬂ
intensity as adn.gla:l liyitergsd ey waehshyengenlos Ohal ofl thd | tiddomdde, Deha1uskil t er ed
by any filters e | ight transm ssion uhtry90
fromthe | ower tﬁé}ﬂgﬁcé Oggd’}éﬁgtﬁq'j QE? llnntog%scffi Fes TERYUTe E % 9 ﬁgt er 460
are therefore SWgt éSa’e‘ama@@rttﬂa@t tthet | feprespandentd thiest n@aisbweoﬂ%yfl i ght
sensors 404, whigh aie Ci|0$p(a%ecinonsg,telae @onsw&fgggg@ Oft HedREviousdP from
radi onet er 460 Rad%’?dgeger 460 is thus ab accurately rreasure

light intensit$TH* G5 5Her 6B 36 Cgéﬁrtﬁdi Lﬁod thite theacdagiemster
treatment. kt mreasuhes éflghe Uashsitblee foom Aakpdrianoe aki ght redeaety agst em 650

to.measure |ighy A@tlsiballwl f&ﬁwmra&réatpxn@() %E%J‘eQIQLXSf}Pé%Q&IibQEaSWEd

by radi onmeter 460: receives rom each sensor 4
radi onet er 640°%h feOHR it FiT1 i1GRr Fatiendliery 496 hae egiohB3light sensersane
time, CPU 603 seceiivpssedaba édcamdiaen wiypeFoa Gedn@bed 1dda@bd SRASeRs 404 in

t 784, wh t 71- 773 F | { 785, CPU
| Zogpcal cul at Ieggoal%gg% e%%g?ggn;ocgeeg?m Ehit ﬁ?orlésgclﬁlcg'é?ﬁi ‘?orﬁo?fe‘fsﬁe W upon

t he corrected between the four corners. Note that radiometer 460" will be
measuring light intensity as actually received by a biological
' fluid after being filtered by any fllters and .as rece:.ved after
light transmission through tray 90 from the lower lamps 100.
The light intensities measured by radiometer 460 ._are therefore
more accurate that the 1light intensities measured by light
sensors 404, which are disposed on the opposite sides of lamps
100 from radiometer 460. Radiometer 460 is thus able to more
. accurately measure light intensity in tray 90 where biological
‘fluids are placed for . treatment. Mt is therefore desirable to
‘calibrate light .sensing -gystem 650 to measure light intensity
"received at tray 90 similarly’ to that wmeasured by radiometer
460,
. CPU 603 receives data from each sensor 469 in
. radlometer 640 to measure. the lJ.ght intensity in step 783. At
. the same - t:.me, .CPU. 603 receives data from both upper and- lower
B _light sensors 404 in step 784, which corresponds to steps 771—
' . 773 in Fa_g 21A .In step 785, CPU 603 calculates a cal:.bratmn
coefficient for each sensor 404 based upon the corrected
illumination 1ntens:Lty readlngs from radiometer 460 and the.

- uncorrected 111u1lnlna,t10r_1. intensities from illumination  sensing - - ‘




“illumnation intensity readings fromradi oneter 460 and the - uncorrected
dllumnation intensities fromillum nation .sensing -50- system 650.
Calibration coefficient or correction coefficient nmeans any nunber or set
of nunbers that is used to correct .neasured illumnation intensities to
within a predefined tolerance of NIST. standards. Thus, a general
objective is to transfer the nore acélrate illumi nation neasurenent
capabi liti es of65t0he pre-calibrated radi oneter 460 when di sposed in

treat ment S*EHRERDETS 42 or 44 to the nore renotely |ocated |ight sensing
system 650 such thatcdmglnatscenscngfﬁysbﬁm &R0 \ﬂbi::l'edﬂiaﬁurcﬁaelftfgaient

intensiti nd_ 44 in nne SI mlar t hat of
r adi onet e(r?n%i %g V\Iﬂgmgl sposgd ?ﬁerelkn eérsse 244 bf‘%t ‘9 %?)ef’?f%efcé-‘nts are
pref er abl yrepisnerst siddkmiptiaot oristemsittienabke  whenir ghat serdefitnesy st em 650

to emul at gchbBgakdedie MBASULEDKaRGCUN ¥ s Of o ' §ULANE! &y é@;@u}e” @ { I eat ment
chanbers. These calibration coefficients, as determ ned I n st 85, are

t enpor ar i IY38FbT R P ARG U RS fidlymingiden ?l\%a?t%méﬁﬁc?%@ibéhl’b‘fest he
cal i brati @Jnf phecpriHcalibidted rhifsdeteaddiomeliin 48potde S @iredihdntbe

pronpted t aln calibrate the first chanber 42 with _g second radi oneter
460. Use o aerssec402n ratI oﬁ%tgtﬁei‘go’iﬁ' el?eé‘PF‘éﬁvt%o%acﬁ‘Fﬁ rlrhggﬁese’?:sdirigbratl on

‘resul ts olvareredSor enelt Hdnatti L sghtr agneim aystdihessusell soszara biaghtcode on

the secondstath Qmet ety SA-hele | 000K w10 GALLORLLIM hA! A Il or e

radi oneter i s being used. Steps are repeate e second
radi omet eF2diemeteE 480 i Bihew; oﬁlﬁl@,ﬁsﬁtﬂdtsth‘?mnt he s&bessl rf&dubn@ll@m at step

785 are . Wobhiiti@neer hal NpldHehBNG €11 iaeh 281 ARPUE QR GENT endiie
calibrati OHacheffl cient, results are saved in nenory, at step 787 for use

in obtaini JPPec PRI HEY S tRRe RS0t f%e%‘éﬂﬁé?reﬁf@ light Reas@dididt s are
not - wi t hi actheagefdmeckdiometanceso i in i shaScritent hahaffersQf t'.l‘}fésteV\D

radi onet er ty the user instructed, to retur
‘radi onet erél%l?atgglrlw %%r}% W ﬁstgﬁteemlﬂ% e ot tsﬁ"gpcag%'r atd*6n
coef fi ci etempdrarddy eztored m@lempnyc@drcmhamrmgsehe light intensities, and

“the calibration coahfigl entsatLa tRech sk PELA: HEEALLHALI QiLiprocedure

first radiometer 460, the wuser will be prompted to again
calibrate the first chamber 42 with a second radiometer 460.
Use of a second radiometer is preferred to confirm the
calibration results obtained from the first radiometer. The
user scans a bar code on the second radiometer so that light box
10 can confirm that a different radiometer is being used. Steps
782-785 are repeated with the second radiometer. If the

-~ calibration results from the second radiometer at step 785 are
within a certain tolerance, such as about 10 percent, the
calibration coefficient results are saved in memory, at step 787
for use in obtaining corrected light intensity measurements. If

" the results are not within the defined tolerance, it is assumed
that one of the two radiometers is faulty and the user is
instructed to return both radiometers for service. In this
ingtance, none of the calibration coefficients is saved for use

- in  calculating the 1light intensities, and the calibration
coefficients from the last prior recalibration procedure
continue to be used.

‘This ends the calibration procedure for the first




continue to be used. This ends the calibration procedure for the first -51-
conpartnent of the |ight box 10, at step 788, and steps 781-787 are
preferably repeated to calibrate the light intensity nmeasurenents in the
second conpartment. Treatnent tine and energy dosage will vary dependi ng
on the biological fluid to be treated. For exanple, the treatnent tine my
be at | east one mnute but may al so be Iess than one m nute. Were |ight
box 10 is used for the. pathogen inactivation of biological fluid, the
treatnment may typically be anywhere betwegn 1-30 mnutes. For exanple, for
t he pathogen inactivation of blood platelets, treatnent is typically
between 1-10 nidifa@EmenRUbs N1 igHRI Bk |10, AROT LM REE! ¥nB-efk MiH1€5g7 FOT
the pat hogen inactivat%on gg bl ood pl asma, ﬁreat ment may al so, preferably
be approxi mat el §¥%3- Z*RTAGPES. rl%ﬁ%‘?tﬁg pet SR tPEEf8a,t HEE Gy MR HRIEY s the
product of powesaspeemantstiracha second potdretoase of radiant flux, at the
target, and the time of 6XRASKLE: +/ECIhE! DRk &Q*Aggeafl}ﬂi‘tvr%‘l—% dfl;l%gﬁa%% per

unit area delivered to the target (for exanple, Iin  one e he
bi ol ogi cal flui®) WheI Pispicht nfie tQurbkR i Brrasrdexpoiir eeX@Ele hethe
irradiance -- theatAcitarin@oMer bpeit 1dBst d@iecaimdtel dentm9nNaifhe veanged . In

one enbodi nent t . di gnt._ener | ux. del i ver ed. may, be tween
approxi mately 1‘?}%8'0 _Oggﬂgzlrﬁ&%éggvﬁlreé glcg%s;smé Wavé 1el“ﬁfj e a)rélﬁeé %aft%%ﬁa??/\een
‘appr oxi mat el y 300<riGtat Morewdagicanyflukbf ghe vireetrangt hay Hapicaddyilkaat es

phot ochemi cal aggahsrdTattR€ediSCdo hihu@BET akor | d@Rb1e,08%r 10he CARHBGen
-retrofitted for, varjous ill na uencies tq illum pate treatnent

targets in treatfEhtvEHgH rﬂ&ﬁ?é IR(RHE%:][?% ngtIHREEE Y ii§hEvRraltieRetEsehut si de
of the range 0f1-300wi@6s nrbut | mranogiienl nbodiswnttelypher e riiherds. ghkorsour ce
provi des 11 0ht G8Nehakdgen! InkdiS ol {ch@YleObEbod HidEna ! NEbBld: maf AL AN
energy flux delivered to the bi O%OQI ca}‘E Fw d ‘may prefeeraegjl y Bg et ween
1- 20 Joul es/ cmPTREFANE PR EPPEEIBataly e RFRUresange of bet ween
approxi mat el y -320- 400 nMEnkfyyoBer &RECIFda¢ iadigEHiux} e td YProh@st ant
energy flux de”éf“%%&é&‘ﬁ%r unit area or, in the case of radiant flux, at the
térget, and the time of exposure. Accordingly, the amount of
energy per unit area delivered to the target (for example, in
one embodiment, the biological £luid) will wvary with the
duration of exposure and the irradiance -- the radiant power per
.unit area incident on the target. 1In one'embodimenﬁ the total
radiant energy flux delivered may be between approximately 1-100
J/em2 méaéured across a wavelength range of between
- approximately 300-700 nm. However, any useful wavelength that
activates photochemical agents may be used. In general, light
. box 10. can be retrofitted for various illumination frequencies
to  illuminate treatment targets in tfeatment _chamber 40,
'".—including those light frequencies outside of the range of 300-

700 nm.

In another embodiment, where the ~light source

provides light .generally in the ultraviolet range, the total
© .radiant energy flux delivered to the biological £luid may
" preferably be between 1-20 Joules/om? wneasured across a
. ‘'wavelength rénge of between apprOxiﬁately 320-400 nm. In one
. specific embodiment, the total radiant enexgy flux delivered to
;:blood platelets or blocd plasma may be between approximatély_l-s

J/cm2 and,mgre.typically approximately 3-4 J/cm? measured across




bl ood platelets or blood plasnma may be between approximtely 1-5 J/cn2 and
nore. typically approximately 3-4 J/cm neasured across -52- a wavel ength
range of between approxi nately 320-400 nm Preferably, the energy should
not be outside the predetermined range in that excess heat generated
within fluid treatnment chanber 40 is to be avoided. For |ight treatnent of
bl ood platelets and bl ood pl asma, for exanple, tenperature within chanber
40 shoul d typically not exceed 37 C. If an external tenperature sensor of
the type described above is used, the amfh-ent tenperature should be
between 18-30 C. During treatnent, tray 90 is preferably agitated at a
preset frequency. @vetengtie, rérye foéqumuwyersh@pbtbmaté]@ se20-gweatns0 as to
harm t he bi ol og d t her eqf i 90
may be agitat edb%g%a%eﬂelgl agﬂé o%%%%?rejﬁqmuz% lj;E%Og:’gca11 ? Eﬁl aﬁ%d% %"%{'%%d
pl atel ets, nor e PPef dfabipt Faragen ea&pp‘i’%@i‘ I‘yltJPBUBG,l“%CE/cFWﬁ@Ft
mnute. A cycl ecliasbelef tnets aso Béleaxi‘dlﬂadl.et erﬁCklgmd thresdreneS ek | babdon of
dr awer 80. ly. t desir bIe agltatlo may continue
0" ik PIs Yang 'niRd ol Sl TPERT R WA he

for up to 30 es af %l ets have

‘desired target ¢hagher d@sc,fhoplfé tmeG@lah’ idotuskerd @7 ¢n the ad iqgigerbox 10 is

term nat ed. OnC@mbbRAEENbeRas QﬁerthSUQG}ﬁésﬁéHdrYb&anmc%EeqS fkpd d cdd Om
cont ai ner 206 nﬁ)be transferred taq cont ai ner breaki ng frangi bl e

nunber 230b andGpEHi ARHE ProORPIEhPh ke l?ﬁé’ %ont ai ners 206 and 210
(Fig. 15). Once inside conthignereatidfl, they Boologirepdrablyiaditscedl bOwed to

contact the ad&&repsptfre@aﬂy al deor. grael %Leef@@re Log ﬁfgg&{inﬁot A gt ed

above in one “enbodi ment, contal ner 210 i nclu | N"e-sensi tI ve
tabs 209 that ERANGS @5l BY NwBr the paologiral \idyid (9% cOPRAnEREY SHKEOE knoW i f
the contai ner h&@é&f&@,!&heﬁ@ﬂ&}a@b Mt Iﬂetiﬁtaﬁéi)'b_@Efﬁen aﬁﬁx%&k:ﬁdteﬁpudme
appropri ate pe (0] ne terital 1I's o renove
aﬁ5 rgsi dual IOphotE.;o Ce]‘r?lsé"é enftor %foog gf%ﬁﬁ% dlitis p5?§?rﬁ‘§ 6% &ni cal
process that rragvphtaﬂwat@eferwrmlud:édﬂmrt méndgieg| o@i cakld | is diefi'rhmi adgsor bent
material. may an@clesi@nraeéysgaseﬁcengn@e%&m S&lihyaliefl char cgakePr &f her

adsorbent material. Such materials are described in greater
Additionally, it may be desirable for agitation may continue for

up to 30 minutes after blood platelets have been treated with
the desired target light dose, i.e., after ‘illumination in the
“light box 10 is terminated.
Once treatment has been successfully completed, f£luid
from cohtainer 206 may be transferred to container 210 by
~-breaking frangible number 230b and opening the flow path between
the. containers 206 and 210 (PFig., 15). Once inside container
' 210, the biclogical fluid is allowed to contact the adsorbent
material for a selected period of tlme As noted above, in one
embodiment, container 210 may also include time-sensitive tabs
209 that change color over time. This way, the operator will
knoww “if the container has been in contact with the adsorbent
‘material for the appropriate period of time. The adsorbent
material is selected to remove any residual photechemical agent
or any by products of the photochemical process that méy have
been included in the biological fluid. The adsorbent material
may include polystyrene beads or activated charcoal or other
adsorbent material. Such materials  are described in greatef
detail in Interﬁational Publicatién No. WO  96/40857,

incorporated by reference herein.




detail in International Publication No. WD 96/40857, incorporated by
reference herein. -53- Alternatively, in the disposabl e processing set 240
shown in Fig. 16, the biological fluid may sinply pass-through container
246 without residing for any significant tinme, within the container. The
details of the renoval process and materials wused are described in the
above-identified International Publication No. WO96/40857. The residence
time, if any, of the biological fluid. in container 210 (or 246) wll be
anywhere between approxi mately 30 secondssz-and 7 'days. In addition, during
contact of the biological. fluid with the adsorbent material of container
210, it may be desirabl eMlitertrdielor iot hiey wWisposugile apeoceenim@ e 2416) to

ensure maxi nuM gRkLagh Wd.hy Ehetl@%?.@ﬂ?dﬂ:aﬂaﬁ%ﬁh%agcelgeig?frglp%.%? Qiro

di sposabl e set is used, after the urred reside any,
bi ol ogi cal fl ui P& He 246 r GHEPRE reasitig. SAT AWepigmidicant x4me wikhip 16)
by breaki ng fretmghbh&menbemh&&’&@ﬁt@roe tlte mf&yovlae SicRees Ml Ritdi8als

transfusion to ggerde ?éerﬁescla-ﬁ%%l 246 (g Q%n}n%ge ?Owitﬁg‘rb%ag?ﬂg the

cont ai ner 214 now carries 1den orima
donor and. the ?Wﬁ}ilaatm%dw%%ﬁ/‘*%@es 224 (or 251) indicate successful

treatnment of the biol ogi aak rédluedc@rtdm& hate ey add thondo1bheatiment d S

requi red. The . contai.ner be seyer. aled fromthé renmainjng
portion of the HCSPTELET & (‘)%’%33 ggt“a?“ﬂ'&f‘?éf*a‘?qtye?i‘éﬁPF%d‘aé%e I'n

addi tion to the3 raszondntarfdurict days . gertbzr addyticlesanried anoxe: aofl s
general |y depi gfi@foditall glu:.%z’w:.hbeth CQRLEensS Vit 808 SRV 01 EH%}E %:hg 1perator
a

to performother custoner functions at steps 743, 744 an such as a
system setti ngstt ARG GRSLEAPLE ckP FABke 10t CHITEEIRS (9L Fise caPEHInED 2dt t he
date and tine @t estap ﬂaéﬂmamcboae&daﬁhlﬁlhehamaéeﬂidnat:&t]e&ﬂaguage at step

749. The control system g?fq_ﬂdgeéé)w% Ml%ho i%%g;acbr toetsglﬁect trlg
cont ai ner managenment functTons Such as aut'o-pri e ng a stép report

printer at stepge@sxedy reaidancer thner idt @Vepthe75®0épgxqaén§ﬁuidlmﬁgr greocess
reports.to a dakaniMA8EEMENtch¥aimP 28k $£P24654n rig. 16) by breaking

frangible meuber 230C  where it may be stored prior to
transfusion to a recipient, Label 216 (or 249) applied to

storage container 214 (or 248) now carries identifying

information regarding the donor and .the fluid. Masked bar codes
224 (or 251) indicate successful treatment of the biological

- fluid and that no additional treatment is reguired. The
.container may be severed and sealed from the remaining portion

of the disposable processing set as generally described above.

In addition to the treatment function generally.
described above and as generally) depicted _iﬁ Fig. 22, the
control system may prompt the operétor to perform other customer
functions at steps 743, 744 and 744a; such as a system settings
funetion at step 745 that allows the operator to set the date
apd time at step 748 and select the appropriate language at Step
749. fThe control system also allows the operator to select

. certain container management. functions suck as auto-printing at
~ step 751, a report printer at step 752, a label printer at step
753 or transmitting proéess reports to a data management system  :'
at step 754. - | ‘
' Alternatively, the diagnostics menu 755 shown in -

' gemeral in Fig. 23 may be selected. After waiting for the user -




Al ternatively, the diagnostics nmenu 755 shown in general in Fig. 23 may be
selected. After waiting for the user -54- to select an option at steps 756
and 756a, the user may select to see product data at step 757, initiate
device tests at step 758, access service information at step 760 or
initiate diagnostics at step 760. It will be appreciated that steps 757-
759 may have sub-options |ike diagnostics step 760. Sel ecting diagnostics
option 760 pernmits a mai ntenance person or supervisor to enter new
operator ID information at step 762 to per-mt new persons to be authorized
to operate light box 10, to over-wite bag records at step 763, to reset
lanp |ife informareelent, ansonttien han&p&parzﬁer epaammi, 8he Sl BoA HNdct O
print a mainte I . appr at e vrlous
nodi fications (r)\%n%t@eeﬁgﬁ%%%ls&r?gﬁt égan wﬁocﬁ‘ 1eag};(%r idgs%f gtr%g{:%% %pe

by those skil|®8/i PCRES areTHihodPLAEBEFM NGt resiapt hd6Sc e éﬁlttlh@e
present invent idiagnodticd atsseqf 760rt el #itihge abﬂﬂleaf&fédf?{:ﬁdmae& +&p: THAT
VH CH | S CLAI rat.us tre a bi.ol ogl ca | uid conprising:
a fluid treat %P (%i %‘ %"b Prélcoenlswlﬁg %gﬁn% BrEagPe 7% ui gt rT'g')‘f“-i*sast
one |ight sour e%assilctfﬁl@? plqntabmty'fﬁﬁ lpgmmpits sai dmalimgﬁmbns@urmﬁe:sdnspmsed

ei ther above orsupehAwos aidl efnheu.- dnéwr QALARRL 16 NAFRCLarRNTaf Lidlhes eI NY
systemw th a plural |t of sg ﬁensors for sensing the_ anount of |ight

em tted by sai ®pfth Rfrﬁ?n g 3Yher st EactParphhtligBRsE* 3P st d
plurality of | |oglat wrsensdng | s=cbirdposed aebpacem,l y tbo ﬁésdteasimponmm‘ sai d
plurality of l;q00Sat n'T@% aRRkar LS, of..cl.al relsrg:esagg4 sensor
in the plurality of Iirght sensors 'g‘?ow r‘lal const st ng 0
frequency that FFEnt & midgenapoehios ahsetp| ?@'ht | nt ensity. 3. The appar at us

of claim2 further conprisivigiand idpplecitibitHa@Xdrills ! f8BicYatlibgs fdrequency
signal's from e%ﬁh grtabc;[dqgents and methods described herein way be made by
_those skilled in the art without depart1ng from the scope of the

present invention, which is set forth in the appended claims.




plurality of light sensors and to nultiplex each of the frequency signals
-fromthe plurality of light sensors into a first multiplexed frequency
signal that is related to the sensed Ilight intensity. 4. The apparatus of
claim3 further conprising a first frequency counter to receive the first
mul tipl exed signal and to count the frequencies in the first multipl exed
frequency signal to provide a first counted output signal that is related
to the sensed light intensity. 5. _The apparatus of claim2 further
conprising an oscillator that genérates at | east one test signal of a
known fregiiengicy 18ak:drhdr.st mul tiplexer in communication with said
osci |l | at of to, receiv said at |east one test signal and to multiplex said
at | east ‘one préué"‘ltu&%ﬁ Freiaﬁf?f’ gaGr9irat thidd PpRetethof r equency signal . 6.
The appar at us2 ofluéfi afea2meay tdtembeonfir Skogivanponerd |vebgickhput from a
power soufiges; said power source in comunication wth said first
mul tiplexer tg receive said power |evel input and to multiplex said power
| evel input iht 33 §°FitEt. %%Jrcﬁu”l’JtthFeBgélaa]s‘it@naF lappsTgidppar at us of
claim4 fmgbhaoumpmmsri@.elah@e@bm oyl teilpk exed tlhat talesoremecei ves t he
pluralitycrahpersi gal s fromthe plurality of light sensors and that
mul ti pl exes thLe }ti)quraI ity of si g\rnal s fromthe light sensors into a second
mul ti pl exed fTeqdency &t thalY* ghd™ 4" st ma* HrieqGEntiPPcodfR8F St 0 receive the
second gt FprEredtis gmahntandt tldgiousmtittdie biyr eglenediveslity the second

- ul ti pl exedpd Gﬂié%élﬁy eﬂcgnqhgﬁto s%gyf der &.38CeNGG0Nt &d Qutput  signal
representatlveo t.he a ht emtted by the plurality of |anps,

t her eby énabiing’ tdﬁépcisego"i‘%%?&tllﬁg S5t ERTE cf’nec%fﬁa?%&lﬁéa]é&iuracy of the
first cowdtEdreut put signal. 8. Apparatus for treating a biological fluid

.conprising: amkl abpgrgf@sawewaﬁhﬁmegeinoea&@qe%p{ﬂ %Qn§<?1' dnbipl ogical  fluid;
a |ight squrce, , each array wt uraltg/aof | anps, said

L M P { arra
light sodrce tavi iy 08T af Yy “di R5asee’ a?bBQ;‘énas"aFansmtlng o

frequency that is related to the sensed light intensity.

3. The apparatus of claim 2 further comprising a first

multiplexer to receive the frequency signals from each of the
plurality of light sensors and to multiplex each of the
frequency signals from the plurality of light sensors into a
first multiplexed fregquency signal that is related to the sensad
light intensity.

4. The apparatus of claim 3 further comprising a first

frequency counter to receive the first multiplexed signal and to
count the frequencies in the first multiplexed frequency signal
to provide a first counted output signal that is related to the
sensed light intensity.

5. The apparatus of claim 2 further comprising an oscillator
that generates at least one test signal of a known frequency,
said first multiplexer in communication with said oscillator to
receive said at least one test signal and to multiplex said at
least one test signal into said first multiplexed freguency

signal.

6. The apparatus of claim 2 further comprising a power level
input from a power source, said power source in communicatiocn
with said first multiplexer to receive said power level input

and to multiplex said power level input into said first




fluid treatment chanber and havi ng another array di sposed below said fluid
treat ment chanber; and a |light sensing systemwith a plurality of Iight
sensors for sensing the amount of light emtted by each array, wherein
each light sensor of said plurality of light sensors is disposed

adj acently to at |east one of said plurality of lanps in each array. 9.
The apparatus of claim8 mherein each light sensor in the plurality of

| i ght sensors provides a signal Q%IStlng of a frequency that is related
to the sensed light intensity. 10. "The apparatus of claim9 further
conpr|5|ngugﬂ£L£§gEugghylplex to receive the frequency signals fromeach of
the pluralit ght sensors and to nultiplex each of the frequency
signal s f?onf%ﬁemﬁﬁﬁ?%Fl?ch?m1Fdﬁ?t%%hg%%§l$%@o a first multiplexed
frequency si gaabedohdt migipblatethdio athe seased theghturanignsity 11. The

appar at us s 0,264 adrih 1Qef Hfﬁrgfft ﬂa%gnsaorgl LR ondd ﬁgﬂfeipfélxegount er to

receive the first nultiplexed S|gnaF count t equencies in the
first mul H‘%Ipé%’é?jlllt?je%esﬁrég}ajﬁ ghat ths7ii¢he FPRIATAeiRfof Pr 82c®Bunt ed out put
si gnal thatltigleaxet afredudnoy tdignalsemsied |ight intensity. 12. The apparatus of

claim9 further conRil $iaguae PSCOLLALOT :o t haLogrDeLALeg Bbheast one test
si gnal of known s+§§§nv§d stasal first nmultiplexer I n communication wth
i

sai d OSC|?ﬁ§f%F*F8 i @OUE FRastregRentiest isityRafe@RE to nul ti pl ex
- said at thegsplegne fregtemiygnainal ntoopsaiidef & rsdcomildoiypleeixegkphit equency

si gnal . 1§Lgngber@ﬂ}@§&ﬁ:ta'ﬂ§vé)f £C 1Rk Moo fr tolfeﬁlwpé’rrﬁ%{éw B RYQUer | evel

i nput fro ource, said power source In communication wth said

first nulﬁuﬁf‘ é(roﬁ 3"3‘?%%&%6%@&&%@&&}%@@ APRL"Y &0 ERul ti pl ex sai d
power | evednfimpgle isptwraspiod fher strstnedubiqal engehtssignal.. 14. The apparatus of

claim 11 d Ur thei-R0TSINGELf 39400 (LBl LXeR: 08l al so Tecel ves the
plurality of nals fromthe plurality of gt sensors and t hat

nul tiplexes % hfeI%bTquﬁeﬁtfnﬁmi)fChé‘F%lf'?rf F%‘Fﬁlt"ﬁégl Pyt PdehdFralinto a second

fluid;

a light source with two arrays, each array with a plurality
of lamps, said light source having one array dispcsed above said
fluid treatment chamber and having another array disposed below
said fluid treatment chamber; and

a light sensing system with a plurality of light sensors
for sensing the amount of light emitted by each array, wherein
each light sensor of said plurality of light sensors is disposed
adjacently tc at least one of said plurality of lamps in each
array.

9. The apparatus of claim 8 wherein each light sensor in the
plurality of light sensors provides a signal consisting of a
frequency that is related to the sensed light intensity.

10. The apparatus of claim 9 further comprising a first
multiplex to receive the fregquency signals from each of the
plurality of light sensors and to multiplex each of the
frequency signals from the plurality of light sensors into a
first multiplexed frequency signal that is related tc the sensed
light intensity

11. The apparatus of claim 10 further comprising a first
freguency counter to receive the first multiplexed signal and to

count the frequencies in the first multiplexed frequency signal




mul ti pl exed frequency signal; and a second frequency counter to receive the
second nultiplexed signal and to count the frequencies in the second

mul ti pl exed frequency signal to provide a second counted out put signal
representative of the anmount of light emtted by the plurality of |anps,

t hereby enabling the |ight sensing systemto confirmthe accuracy of the
first counted output signal. 15. A nethod of treating a biological fluid in
apparatus with a fluid treatnent chanber for receiving and a bi ol ogi cal
fluid, a Ilight source with a plura ity of |anps di sposed either above or

bel ow sai c.of bk L8t FENL, GRATHEL.LO LEEA chhe bi ohogical fluid with

light and a %g ht sensi ng SyStGHIMAt a plurality o ght sensors, said
met hod corfsFre htPPENE 81 EHE” of : sensing the anpunt of light enitted by said
pluralityidf Thampsamithh saktaijpl ar alrnthyr ebmpiighhg S@NsOris)adavel opi ng a

pluralityeof fLAGURNACY.Shonal %nértcaytt DEonaR! b &l kﬁa&n%ré L.ty sensors, the

frequency of each frequency ignal fromeach of said p uraylty of Ilght
sensors ré?ﬁiéﬂ“?:mu?ﬂ@“%ﬁﬁdﬂ%Cﬁ@“FF@ﬁ%O?é%é?ﬁ@adﬁvcé§€ﬁ°¥ﬁﬁht sensor; -58-
provi di ngrsedidepiairadt tiyawf ofie eguendynsl gnalw teltapiéx skid mul tipl exer;

mul ti pl exh pgeit Qﬁepéégtalshéryaloﬁnég es%sngyrssa gﬁéﬁl\é&w fsf@ilgem]w rst

nul tiplexer to provide a first multiplexed frequency signal’; and counting
t he pIuraFF??lof frequency signals in said first nmultiplexed frequency
signal w th aThé¢ mepacounte clainpp ofiirdBen cohpristing GUnbwd oetqaut si gnal

represent aije sl tahsomvya}rc@ sall'dgpéwe%é;&x%@ Pryc%f?en&l%yml ity of |anps.

16. The nethod of c¢laim 15 conprising the additional step of: providing
sai d pl ur &5t yaof fFF%‘hlﬁ"élﬁE’gp%f‘“@ﬁaﬂo TETOesE i@ PO AFTRly 16?utl i ght sensors
to. a secoaud md Mupkexery saubitppteexilpgel himmltutiaté typiaf ciregquency signal s
with saldmﬂggﬁgggdqggﬁhplexer to provide a second multiplexed frequency
signal; and counting the Elurallty of frequency signals in said second

nultlplexgﬁ f e GRRTCOTS ghataift th S EdordEbtiffer to provi de a

a second multiplexer that also receives the plurality of
signals from the plurality e¢f light sensors and that multiplexes
the plurality of signals from the light sensors into a second
multiplexed frequency signal; and

& second frequency counter to receive the second

-multiplexed signal and to count the frequencies in the second

multiplexed frequency signal to provide a second counted ocutput
signal representative of the amount of light emitted by the
plurality of lamps, thereby enabling the light sensing system to
confirm the accuracy of the first counted output signal.
15. A method of treating a biological fluid in apparatus with a
fluid treatment chamber for receiving and a biolegical fluid, a
light source with a plurality of lamps disposed either above or
below said fluid treatment chamber to treat the biclegical fluid
with light and a light sensing system with a plurality of light
sensors, salid method comprising the steps of:

sensing the amount of light emitted by said plurality of
lamps with said plurality of light sensors;

developing a plurality of freguency signals from the
plurality of light sensors, the frequency cf each frequency
signal from each of said plurality of light sensors related to

- the amount of light received by each light sensor;




second counted output signal also representative of the anmount of |ight
emtted by said plurality of |anps; and conparing said first counted out put
signal with said second counted output signal to confirmthe accuracy of
said first second counted output signals. 17. The nmethod of claim 15 or 16
conprising the additional step of: providing at |east one test signal of a
known frequency to said first nmultiplexer to enable said |ight sensing
systemto assess the counting accuracy of said first counter. 18. The

net hod of any one of clains 15 to 17%onprising the addltl onal step of:
providing a p e n p [ source to_said

mul ti pl exer t%\é%‘?igﬁlé/els?lr?f (F)blihr%{%ﬁ ago%}t,\g%uoef}% Ehar a2 3 bé tjpl)‘rresent in the
power sysf“é?‘ﬁlpi%?‘erA met hod of treating a biological fluid in apparatus with
a fluid treahmblmagbehefgluﬂaaﬁ;ﬁ) vwgf@qde@yblﬁb@glscahtﬁl dheh a |ight
source W ap di_sposed in fwa above or bel ow
said flui E:If trea#ﬁ%ﬁ it rf’gpgxflrdgat t%(lamtbl 0 Pca’feycfl fredluemfkh i ght and
a light sé@hFadg %Vstem WI t h a plurality of Ii ght sensors, said nethod
clorrpr: si ng t heostteps ofe pﬁﬁalﬁ@ﬂ%‘fﬂ@ré@@n&@ﬁl@na@é b g&latlgerfilkéﬁd by said
plurality a t NSor s evel oping a

pl uralltymgtl ?%%ée\gkéé eﬁ@ﬁ Tﬂnﬁomtt}%;e fl[‘cut?a Outn(E ¢ |plﬁt cgenagors t he
frequency b]fStea?f’hmF?%qﬂ‘é%?f ophal r?RR?ﬁ?’é%hV%f °§a|téle plamalan t3£ of |ight
sensors relateshito=d he saadir@mﬁiam{y |o|fg]haﬁ‘nps§ eceived by each light sensor;

provi di NGy pal dePhABl eV 0l [{LAURNEY: 81 QAL SE Loy [ILB o MUl L1 I exer
mul tiplexing the pluralit yo uenc S|gna gldE first

mul ti pl exer tfbroﬁllﬁ%ﬁgdéaédfﬁlﬁ%fﬁlhw i pf esaeaney @qaéﬁbﬁ‘y frepgirdld, and counting
‘the pl ur apiuryliofy 6 equensyhssignal s sleﬁorﬁaztud.tfxﬂ)][e&tar, mul ti pl exed frequency

signal with [ n rokh LSt CO Iglated Quf put. signal
representati smlhtﬁﬁfexﬁf?él L ﬁﬁerLPc‘Q hff meef{%enﬁy g 5‘1 g%a |Jtc3§/ of | anps.
20. The n&t¥sd Wlapéﬁmrlgt%oﬁﬁw@ieng twoaadwil@rmpxget epresfrency

signal; and

counting the plurality of frequency signals in said second
multiplexed frequency signal with a second counter to provide a
second counted output signal also representative of the amount of
light emitted by said plurality cf lamps; and

comparing said first counted output signal with said second
counted output signal to confirm the accuracy of said first
second counted cutput signals.

17. The method of claim 15 or 16 comprising the additional step of:
providing at least one test signal of a known frequehcy to
said first multiplexer to enable said light sensing system to

assess the counting accuracy of said first counter.

18. The method of any one of claims 15 to 17 comprising the

additional step of:

providing a power level input from a power source to said

first multiplexer to provide information about noise that may be
present in the power system.

15. A method of treating a biological fluid in apparatus with a
fluid treatment chamber for receiving and a biclogical fluid, a

light source with a plurality of lamps disposed in two arrays

above or below said fluid treatment chamber to treat the
biolegical fluid with light and a light sensing system with a

plurality of light sensors, said method comprising the steps of:




providing said plurality of frequency signals fromsaid plurality of |ight
sensors to a second multiplexer; multiplexing the plurality, of frequency
signals with said second nmultiplexer to provide a second nultipl exed
frequency signal; and counting the plurality of frequency signals in said
second nultiplexed frequency signal with a second counter to provide a
second counted output signal also representative of the anmount of |ight
emtted by said plurality of |anps;_.and conparing said first counted out put
signal with said second counted output signal to confirmthe accuracy of

said first coupisd ngp%o@tg%@l Sigrl- emIbéed”fBéwos%le FEA&&E@}%M 20

conprising_the a&dl tional . ~providing at least one test signal of a
known fregﬁlggﬁscvl aldyp rIaiLthé’t OMF‘F%F%@?@FS% o enabl e said |ight sensing
systemto assessldapies cauntiwglatyumdcyfefusadyd Kidstlscofrtner the?22. The

met hod of pamui9ng of Qhéﬁ{msé%oEQ Zéh&omdu%hggg BPeeaé}QdHé g&?éy step of:

provi di ng alfg | evel %? power source to sa
nul ti pl ex&f \A%POS\/F%@ Phf Ha‘f]lu(’iﬂi%ﬁo‘ﬁﬁ Heis eepis ﬁ%llyatﬁ% topksent in the
power systemnt-@0lig@Q®. rekelivgghby sensilaghtsystsemy f or apparatus to recei ve and

treat a biol pgivaalnd | & igluparfilyi gft%ﬁé&u%ﬁe} 9%@9@ i Lheafs | east one
| i ght source. J(_)e rising a plurality of lanps,” said Iight source disposed

ei ther abOve*6r**68i ow said fluid treatment chamber, said | i ght sensing
system conpri @mhgpl%tupburtam plurelidy gift Sensery, seamiisofwismi dajgd urality of

light senso¥ss dhsRQSeLkad] @ﬁef);:éxbidgo At f:{r%StmLﬁQgpﬂ;xe%al Jq:quéwyal ity of
| anps to sens? the amount of [ight emtted by one or nore of said |anps,
i ght

each of sait sensors providing an output frequency signal that is
rel ated to theowgnsedtis ghuraliinyensi tyequedcy Thenhightn sensi Agrssyst em of

claim23 Iﬁdlrﬂ@@rxe@omquéhag Agndi silen Myl tfhpétE%hnwr rt%c‘%'rx&&eh% plurality
of out put fr%quenc nal s fgromthe gl urality of |ight sensors and to

mul ti pl ex” ¥R& ured |? PeF Gathut TPE ﬁeerﬁ(?frl‘é? ghal §h€f r e 9Bl ural ity of

light emltted by said plurality of lamps.
20. The method of claim 19 comprising the additional step of:
providing said plurality of frequency signals from said
plurality of light sensors to a second multiplexer;
multiplexing the pluralityef frequency signals with said
second multiplexer to provide a second multiplexed frequency
signal; and
counting the plurality of frequency signals in said second
multiplexed frequency signal with a second counter to provide a
second counted cutput signal also representative of the amount of
light emitted by said plurality of lamps; and
comparing said first counted output signal with said second
counted output signal to confirm the accuracy of said first
counted output signals,
21.. The method of claim 19 or 20 comprising the additiocnal step of:
providing at least one test signal of a known frequency to
said first multiplexer to enable said light sensing system to
assess the counting accuracy of said first counter.
22. The method of any one of claims 19 to 21 comprising the
additional step of:
providing a power level input from a power socurce to said
‘first multiplexer to provide information about noise that may be

present in the power system.




light sensors into a first nmultiplexed frequency signal. 25. The |ight

- sensing systemof claim?24 further conprising a first frequency counter to
receive the first nmultiplexed signal and to count the frequencies in the
first multiplexed frequency signal to provide a first counted out put

signal representative of the amount of light emtted by the plurality of

| anps. 26. The |ight sensing system of any one of clains 23 to 25 further
conprising at | east one test signal of%%a known frequency that is provided
to said first nultiplexer. 27. The |light sensing system of any one of
clains 23%0 28 ¥t REPSKONPrFEPhgd poReTaquevEar TaRndref aointaepéwer source
for the appavatas tthaidiis pr @vided: ted tsahd JHalh@ErmdittH Rlexesst Gnepr OVi ﬂe

i nformati 0] I t hat. ma e ent_1.n_the power . stem 28. The
|'i ght seng?%gps§%¥g%lgﬁmnﬁ51n ngLcaéﬁng‘ﬁgjfmp§7 $ %fﬁéﬁﬁg OHpPriSsi ng: a
second nulPtiSpreRer et Hr @bsyer ecebebswt $vel pliivdld tyeatmenutgramfarequency

signal s frami tihenpldenalid )éy@tfenl l:g:hﬁrl%?:ggsor s and that nultiplexes the
plurality of sign romt t sensors into a second nultiplexed

frequency signal P ?ﬁﬁﬂihtyse%%ﬁdi%gteqi?éﬁﬁﬁscoﬁﬁ%r of ospidePyert hig s etfond
mul ti pl exédgstgmlnsanel tdd spouat tahl@af:éﬁqll.lﬁnctioESaﬂ nlém sesends mdid pl exed

frequency pshaiale,t 8- Pf.alde, S?Snes]%%ﬁt L 9“£Pg[ . em Lee s ghaL,

represent ative of the ampbunt em t uralrty of 1anps,
t her eby eRabfi ARG tsﬁédl #@ﬁ?sseﬁs@%goﬁysﬁé% tlegh’éoﬁ'pm@rft hier 44 st gareck second

count ed ouhpphlit Sk ga@len cgONilgham t RacaciGlr aCh @l the fid stecount ed,qut put
si gnal . t|(Yc;ht sensing system for apparatus to receive and treat a
bi ol ogi cafL Tﬁ Grd"in a fluid treatnent chamber with a Ii ght source

~conpri singta prhr dliighy eéndanpsyssamdoki gidimsaur (f&rt]déﬁpﬁﬁ@ﬁ‘iabija and
bel ow sal ds bbb Logatoent. £hagher, sl %a |0ty sensing.sysLemeonpri sing.

a plurality of 11ight sensors each o
di sposed Adj3RSnEFY™ tideap Pt vons blfg@aﬁénscmsulaaiilft%/ H@lﬂtlhah@s the sense

t he armunblef:augijltoﬂmdﬂpﬂﬁ tﬂke@ﬂ%n@ry sHehe19f rsah d:- dh anps, r £ach, Qfr said
-ll ght Sen? ﬁ% géﬁggrglp lrsE multiplexed frequency signal.

25. The light sensing.system of claim 24 further comprising a
first frequency counter to receive the first multiplexed signal
and to count the freguencies in the first multiplexed frequency
signal to provide a first counted output signal representative
of the amount of light emitted by the plurality of lamps.

26. The light sensing system of any one of claims 23 to 25
further comprising at least one test signal of a known frequency
that is provided to said first multiplexer.

27. The light sensing system of any one of claims 23 to 26
further comprising a power level input from a power source for
the apparatus that is provided to said first multiplexer to
provide information about noise that may be present in the power
system.

28, The light sensing system of any one of claims 23 to 27 further

comprising:

a second multiplexer that also receives the plurality of
output frequency signrals from the plurality of light sensors and
that muitiplexes the plurality of signals from the light sensors
into a secend multiplexed frequency signal; and

a second freguency counter to receive the second
multiplexed signal and to count the frequencies ia the second

multiplexed frequency signal to provide a second counted output




frequency signal that is related to the sensed light intensity. 30. The

i ght sensing systemof claim?29 further conprising a first nmultiplexer to
receive the plurality of output frequency signals fromthe plurality of
light sensors and to multiplex the plurality of output frequency signals
fromthe plurality of 1light sensors into a first nultiplexed frequency
signal. 31. The light sensing systemof claim30 further conprising a
first frequency counter to receive the first nultiplexed signal and to
count the frequencies in. the first nul t?pl exed frequency -62- signal to
provi de a sfiignst cepmtednoatput signat repueseptatiivecofemitchedamguntneof
l'ight emt I | i £l 3 T g sensi_ng t em of
claim 30 l}r%??lgﬁr/tyt % Elagl?%g Eyer%be/a%g&?)}llengt gtgfe Elgaﬂrllgl 5 o A%k SEﬂvvnen%lftequency
that is profPaed ’flbe Sdis¢ Prpseertrd | priked. o38puTheidniaght corAsitghsyst em
of clai m 3@chtdyher wenpiisd BguedpoM®Iutl ev@laii nput from a power source for
the apparatus that is provided to said first nmultiplexer to provide

i nformatiep, abomtiidhei senthdf s g@yeypefoqr 8S6Madd the DKL Y16, 34. The
| i ght senS| gggiéstem of claim32 further conprising: a second nultiplexer

that also? escthe i &ri eyt beid o‘iﬁeﬁ‘&f“efl?;eﬁﬁ%%‘%/r siighales MEBM t he
pl uralitysourkieghtrgensors andiutdattmdd iymgwser satllale 1pkttakbtiycef signal s

from the liidbocsensors i aac9ec90d pylLa Bl exad Lreduensy. si grgl: and 2

second frequency counter to receive the secon exe élgna and to
count the F?letqﬁéﬁ%’tr@ssﬁltetmhé%éefééh’éﬂ mul ti pl exed frequency signal to
provi de a second counted output signal representative of the anount of
light emtted by Rihealptwrafi tygot bangpsgs,t h@rcmbyoienadaid nglidea ilciyglhte

ensin tQns 4 fifst o egond_co 0
Sensing SYsLEM [Rns000Par el | A0 pecand, pounted ofpubsignals

confirmthe  accuracy o first ‘counted output signal
control syS$PEM for °§pb%i?%% l}é’ perFecdivengnet af dashh ®hiditedi balofd wird in a

fluid tre&bﬁen:tf chaabedmpsi, t Bagh ofl @ast 0Nl Mo SOULER: GFPLLSENGLR
plurality. RS sal tkaght sougce dd| s(Posed ei t her abgve or bel ow said
Bl - ToMtS o

fluid trea ﬁ%uefn harber, “Sard 8l &&t? ToLEt PP ierng a

pl urality?36f S@F%o%isghftorsqremsg ngveper ati velxiondd | Oms:hen comprising a
first multiplexer to receive the plurality of output frequency
signals from the plurality of light sensors and to multiplex the
plurality of output frequency signals from the plurality of
light sensors into a first multiplexed frequency signal.
31. The light sensing system of claim 30 further comprising a
first frequency counter to receive the first multiplexed signal

and to count the frequencies in. the first multiplexed frequency




said apparatus; a light sensing systemto sense the anmobunt of light emtted
by said plurality of |anps; a conputer circuit board with a m croprocessor
and a nmenory for said mcroprocessor; and an interface circuit board to
interface signals to and from said plurality of sensors and signals to and
fromsaid |ight sensing systemwth said conputer board. 36. The

el ectronic control systemof claim35 further -63- conprising: a display
for providing information to a user_of said apparatus; said interface
circuit board further interfacing 5?2g"nal s to and fromsaid display with
Sal 0 COMRELEL Gl EHi 081, o Slecu T elechr onlecontiol, syslemof ol alm 35
or 36 furt Erpn sing |'ura gt n% bal TFASTS" For “sUppl yi ng power
to said tFSIIeuraII“C?“tnij o‘f’flalﬁtﬁgt sea‘F‘élteidnt éYfa’é@ cPre tthodtd tameher

interfaciseg stgnalight Osenanly fs!‘y@fﬁens&lfd cphid &loi teyrOfer! aéﬁ@)rb@_nlgasts wth said
computer , Ghr ot hoar di,38 odhe elect Loni.c, SOMLLP! Systemal gy one of

cl ai ns conprising: one 11 $EnSor cireuit
board wi tsﬁll%%ﬁ?t @EHSIB%%EH 0 sense lighting conditions in said fluid

treat men chanber and to provide ght sensor _signals indicative of said
|i ghti ng>>condit i'0Ae" &6 %ysyc,slt?lﬂu? Bear dt nA-Pec i PBESEa7 d | i ght sensor
signal s Priown davel dnphieabtomonepdveghtosers gpr cilrec wbpaizoas dehasaiid i nterface

circuit baafided UFd hayigl maﬁgtf %u@g;l%@éld {d ghbvi@enser2icghal S0k om said
relay circuit board with said uter circuit board. 39. The electronic

control Bysfeihd 9ny° &HE°Sf Jcﬂ 5? i P%Stef% furt her conprising: a relay
Cher ot | v EPRulOL I RECLNS ) A0 I AR B WL AlkbeonBli 38ROTS that sense

operatlve con In sa
a second multlplexer that also receives the plurality of

output frequency signals from the plurality of light senscrs and
that multiplexers the plurality of signals from the light
sensors into a second multiplexed frequency signal; and

a second frequency counter te receive the second
multiplexed signal and to count the frequencies in the second
multiplexed frequency signal to provide a second counted ocutput
signal representative of the amount of light emitted by the
plurality of lamps, thereby enabling the light sensing system to
compare the first and second counted output signals confirm the
accuracy of the first counted output signal.
35. An electronic control system for apparatus tc receive and
treat a biological fluid in a fluid treatment chamber with at
least one light scurce comprising a plurality of lamps, said
light source disposed either above or below said fluid treatment
chamber, said electronic control system comprising;

a plurality of sensors for sensing operative conditions in
said apparatus;

a light sensing system to sense the amount of light emitted by
sald plurality of lamps:

a computer circuit beoard with a microprocessor and a memory
for said microprocessor; and

an interface circuit board to interface signals to and from
said plurality of sensors and signals to and from said light
sensing system with said computer board.

36. The electronic control system of claim 35 further




said interface circuit board further interfacing the sensor signals from
said relay circuit board with said conputer circuit board. 40. An

el ectronic control systemfor apparatus to receive and treat a biol ogical
fluid in a fluid treatnment chanber with at |east one |ight source
conprising a plurality of lanps, said |ight source disposed above and
below said fluid treatnent chanber, said electronic control system
conprising: a plurality of senson%3tor sensing operative conditions in -64-
said apparatus; a light sensing systemto sense the amobunt of light emtted
by said plMsakity of Ianps a conputer circuit board with a m croprocessor
and a menory for said mcroprocessor; and an interface circuit board to

i nterface si ghdl'SPtd dvd PF%Yﬁdlg%.l HISTBREI Joof S8RB0PS EHE signal s to and
from sai @pbarghts: sensing systemw th said conputer board. 41. The

el ectronic cqpty antélyﬁl‘c@relgéuﬁl @éamdél@urftuéﬁ N&fer:GOIMRY b&IAgs & di splay for
provi di ngpl nf ormati on said apparatus; sald interface circuit

board fuPPReref rﬁaé?fdéﬁli’lr?é’ ‘%ﬁtan%ﬁlg FHPIETICFEBHE 57 di splay with said
conput er3Gi r the telboarcdic 42ntThe sgbeot rrdncL2igoAs raol 3syBtreneof cl aim 40 or 41

further C&@gpﬁhgi ng a pI urallty of lanp ballasts for supplying power to
said pluralit ; .said interface circuit board further interfacing

signals to &n ‘frra&hif%acifdlf)r%rbé‘llllﬁ}:sofo’f aHEP AP aRTE WP h°%&i d conput er

circuit bbaeditvA8f lFes:el ectronic control systemof any one of clains 40 to

42 further coap isidiFacatcilteastonge hightr Sig&%%c rednbibaard with light
sensors Cci) ense || g%]» ng. conditions in sai 3 t reat nent chanber and

to provi g8”| rdDHlt 8¢ *3HgWars LA betllleﬁtsof"”?él ﬁaﬂdl FAFFPHEE condi ti ons;

circuit board.
38. The electronic control system of any one of claims 35 to
37 further comprising:

at least one light sensor circuit board with light sensors
to sense lighting conditions in said fluid treatment chamber and
to provide light sensor signals indicative of said lighting
conditions;

a relay circuit board that receives said light sensor
signals from said at least one light sensor circuit board;

said interface circuit board further interfacing said light
sensor signals from said relay circuit board with said computer
circuit board.
39. The electronic control system of any one of claims 35 to
38 further comprising:

a relay circuit board tc receive signals from a plurality
of sensors that sense operative conditions in said apparatus;

said interface circuit board further interfacing the sensor
signals from said relay circuit board with said cemputer circuit
board. '
40. An electronic control system for apparatus to receive and
treat a bioclogical fluid in a fluid treatment chamber with at
least one light source comprising a plurality of lamps, said
light source disposed above and below said fluid treatment
chamber, said electreonic control system comprising:

a plurality of sensors for sensing operative conditions in




arelay circuit board that receives said |light sensor signals fromsaid at
| east one light sensor circuit board; said interface circuit board further
interfacing said light sensor signals fromsaid relay circuit board with
said computer circuit board. 44. The electronic control systemof any one
of claims 40 to 43 further conprising: a relay circuit board to receive
signals froma plurality of sensors that sense operative conditions in
sai d apparatus; -65- said i nterfa_%g_ci rcuit board further interfacing the
sensor signals fromsaid relay circuit board with said conputer circuit
board. 45, ;A pethgd.of calibrating a light sensing systemfor neasuring
the light intensity emtted by a plurality of lanps in a biological fluid
treat ment chanbeét\iPRing Frstel tadientrethr amgyitdof meghodmeiepri si ng t he
steps of byissertibngithesfiamps; radi ometer into said treatment chanber;
ta.kl ng_ rreasurae‘g. g;rlgtlt?erot:l}ctlgtlﬂogQ& V\lllgﬂ ean%!i%%p!:c%’]ce?%‘érd all rate%tenrl%ernt .Chanber Wt h
said first radioneter; taking neasurenents o e l'1rght Tn 5n5|ty in the
t r eat mentt®T RAMISFrRIFPFPSERTd3PY ght sensing system and cal cul ating at | east
one first cakhbimatifenecaethitcbenia tOrinsairdce [dighilssensinbgrsyst em based upon
the di ff@é&f‘%%réﬂ_tkhgf ’?e%%%idsedandl Isg;r}ltall nfensities, 46, The method of claim
45 further conprising the additiona Step of: storing said at |east one
first caPPBia? ISRt Eoef i dientomPrternktmsfly for future use. 47. The met hod of
cl ai m 4%4lor #G wherebnid kenstep sghtencalfcellaahi 1@ rarewdd brati on coefficient
incl udes. galguwlating at least one liner scaling factor. 48. The method of
any one of clains 45 to 47 wherein said light sensing systemincludes a
plurality of 2l fyHtlasefQorRryhbittheépmratdar dtat apusdr cafl ghdti ng at | east
one firstpeadtubration coefficient for said light sensing systemincludes
' he step of gﬁdgﬁét%&ka(& 8; -G8 1RG4 T QLG fighant o or gACh of said
ghd from Said display with said computer circuit board.
42. The electronic control system of claim 40 or 41 further
comprising:
a plurality of lamp ballasts for supplying power to said
plurality of lamps;
said interface circuit board further interfacing signals to
and from said plurality of lamp ballasts with said computer
circuit beard.
43. The electronic contrcl system of any one of claims 40 to
42 further comprising:
at least one light sensor circuit board with light sensors
to sense lighting conditions in said fluid treatment chamber and
to provide light sensor signals indicative of said lighting
conditions;

a relay circuit board that receives said light sensor

signals from said at least one light sensor circuit board;

said interface circuit board further interfacing said light
sensor signals from said relay circuit board with said computer
circuit board.
44, The electronic control system of any one of claims 40 to
43 further comprising:

a relay circuit board to receive signals from a plurality

of sensors that sense operative conditions in said apparatus;




sensors. 49. The nethod of any one of clains 45 to 48 conprising the
additional steps of: using a second radioneter to take neasurenents of the
light intensity in said treatnment chanber with said second radioneter, -
calculating at | east one second calibration coefficient for said |ight
sensi ng system based upon the differences in neasured light intensities
with the neasurenents of said |ight sensing system and conparing the at

| east one first calibration coefficient -66- calculated from neasurenents
taken with the first radionmeter wth the at | east one second calibration

coefficient calculafredrads aM-ARASWLABNtS Ladken Wethdilg $gcond,dadi oneter.
50. The net hod of cl ai m84%F£%nyer§ii n said at |east one fifst calibration
r ur

coefficieft® s’ stored TaeE joaddi it S SPTBHE T i EERit
cal i bratiemréoefficient and said at | east one second calibration

coefficient al @cwhbdidr a23086hfiRd at OF X ANCEsinglsy A dIREREd Of calibrating
a light sensin i i intensity emtted by a

enshig systemfor, measuring. the Tignt in
plural ity or TAfps™S n 9% BIoTEgrea™ i §Yt7 eatrehitYcanBers wi'th a
radi onet é¥iclsaickrl Aethddreahmnits chepldrewstieps fofst i msiephétrrg, t beid adi onet er
into sai cheth@ALPREN seRamerstebakisng neasurenents of the light intensity in
said treatnent c?anb%g \@i.t m said first radi ometer; taking measurenents of
The"t

the light inténsitydn r SATTREREST HRERDE Wi s TS M FYRE’ sensi ng

system and cadaidareagurensinmsabit yhoflfghtstincahs bratinronagdef ficients for

said |ight senshbgrsystemeinakiding pnercaldibratd.on coefficient for each
| i ght sensor,, filltla calacSlIJlL__grEén(%n of ttFe chHti[ bration coefficients based upon
ih T Gr 84 IFPght9Ht eHEFPPFEY. B2 ™Phd TRRTHBE of clai m

the differences e easir 8
50 conpridiener Wetadditi bval sneprofsystarsi agd a second radi oneter to take

measur enent s d@fickhaih Y 1ebitt @AST £iMsk NeAli8rL ¢ RAL FBIV:; chaber, Watkih sai d
second rqqi H@Etgﬁéincal CuLéit ibna% q Bl uraJCi ty. of second calibration
coefficients for &di T rght"EensFRY® s§&t eMBESEF Fport tHhE dFPTEF8nces in

light intensities.
46. The methed of claim 45 further comprising the additional
step of:
storing said at least one first calibration coefficient in
memory for future use.
47, The method of claim 45 or 46 wherein the step of
calculating a calibration coefficient includes calculating at
lecast one liner scaling factor.
48. The method of any one of claims 45 to 47 wherein said light
sensing system includes a plurality of light sensors and wherein
said step of calculating at least one first calibration coefficient
for said light sensing system includes the step of calculating a
calibration ceoefficient for each of said plurality of light
Sensors.,
49. The method of any one of claims 4% to 48 comprising the additional
steps of:
using a second radiometer tc take measurements of the light
.intensity in said treatment chamber with said second radiometer,-
calculating at least one second calibration coefficient for said
light sensing system based upon the differences in measured light
intensities with the measurements of said light sensing
system; and

comparing the at least one first calibration coefficient




measured light intensities wth the nmeasurenents taken with said |I|ight
sensing system and conparing the plurality of first calibration
coefficients calculated from nmeasurenents taken with the first radioneter
with the plurality of second calibration coefficients calculated from
measurenents taken with the second radioneter. 53. The nethod of claim 52
wherein said plurality of first <calibration coefficients is stored for
future use if said plurality of first calibration coefficients and said
plurality of second calibration coefficients are within a specified -67-

tol er anceqa 24iafedretNRd (b s Sal-RLEL N Bget hei dy aht iftensily glitied by a
pIurallty,%% %gnps i.n a biological fluid treatnent apparatus having a

t r eat ment " chafberat $&Pat apParafod A REREOP | GrE SIS AglE/etefh with at

| east onefionghgasgesrsors t@keonpuherhe peopdssadignsyest em wi t h associ at ed
menory, and at |east one <calibration coefficient associated with said at

| east one’di ghte BEHYSr ot gledni #° neroreynf saht a2 pricrstcabebfarsbn

pr ocedur esalsairdt iset dadt raenprd SiNgsddiedstrepsrofird aleng sneasar gients of the

I'i ght intﬁﬁékténénfhg% ngﬁ&%%g%n g@ 1%5e¥%thcﬁggg Ihgqgaggnging system
retrieving said at least one calibration Coefticant 17 om saPd menory; and
appl yi ng E4red golieasion rectHiciprtatironricbet f4 epetified toherangeasured | i ght

i ntensi t it 0 hikahod aTeal estad nki ght: §Htt @Bsking sy8bem T met hod of claim
54 where j S ing. at . | t one calibration coefficient

i ncl udes daegf]'}l%gg_r &g%é?%%tg%# ancstlg .enlslé.tg%\%ﬁe? Hpgl r%#ltde?erlr%mﬁls ng the |ight

i ntensity 8aPtiEFpyfripltgpatiany chafempsith a Widepoeical skidid treat ment
appar at usethayv cagpordsidieeahemntpeaaber, said apparatus having a |ight

~sensing systep.ui.ih atﬁ'ng%%ﬂolﬂwerogngé ght ;sensor.s éa%%e uter processing

systemw th associ ate ry, an p ucriarie?glme(% © iration coefficients
with one cal iBFaPPorredserereteht fassoti atelt wilttregathy | iight sshsor stored
i n menor tréserna Prkbir wCal isRiatdies: pmacediiee; sai d met hod conprising the
steps of : taking measurements of the light intensity in the treatment
- chamber with said light sensing system; and

calculating a plurality of first calibration coefficients
for said 1light sensing system including one calibration
coefficient for each light sensor, the calculation of the
calibration coefficients based upon the differences in the
measured light intensities.
52. The method of claim 50 comprising the additional step of:

using a second radiometer to take measurements of the light
intensity in aid treatment chamber with said second radicmeter:

calculating a plurality of second calibration coefficients
for said light sensing system based upon the differences in
measured light intensities with the measurements taken with said
light sensing system; and

comparing the plurality of first calibration coefficients
calculated from measurements taken with the first radiometer
with the plurality of second calibration coefficisnts calculated
from measurements taken with the second radiometer.
53. The method of claim 52 wherein said plurality of first
calibration coefficients 1is stored for future use if said
plurality of first calibration coefficients and said plurality

of second calibration coefficients are within a specified




taki ng neasurenments of the light intensity in the treatnment chanber with
said |light sensing system retrieving said plurality of calibration
coefficients from said nenory; and applying said plurality of calibration
coefficients to the neasured light intensity to obtain a corrected |ight
intensity. 57. The nethod of claim56 wherein the step of applying at

| east one calibration coefficient includes a |inear scaling factor. 58. A
met hod of determining the length of treatment of a -68- biological fluid
with a desired illumnation dose in a biological fluid treatnent apparatus
having a:bigateent chanber, said apparatus having a | i ght sensing system

a conput roces S stemvmth associ ated nenory, and at |east one
cal i brat ?%)n @o%ﬁf % gfgfleg FE-BYY rPferdPy Jf“rtSH?JaFYpF]i“b?tedc]&Y i%ration

pr ocedur élu@diiﬁyr@t herbTdnpe ifsionggidre Stejps toéatrepasayiamgtihe | i ght

| NLensi {yiad ihd heckiMARNLALRAIDEL. M thpaSALLL kLONL, SENSERg System
retr|eV|ng sal d | east. one cal|brat|0n coef ICIeﬁ% from said nenDry

appl yi ng°satd* tsyfte%{r’sthBHearcﬁeaBFa?]?%r}l%Ef“°r€i“c°’|°ént tPEHEST measur ed | i ght
intensi t preeesohingi sy egori gctaedobighid mehensi tapd aandkassi nge t he correct ed

i ght |nEQIl%k&ﬁ/loﬂnQ)etfb_@cl‘ég@d’s%g01étle!iumtﬂa§a|19r]atd9§%tt gndatigrai ne the
treatnent _tine A net ho determning the length of treatnment of a

bi ol ogi c&f" s1pir t&‘f emalé"s%rr% % PROR FatP o db8E°TE 5 BrY ogi cal 1 uid
“treat nenve‘éﬂpﬁaqoaPmlmvh%gstap&t céat nent chanber, said apparatus having a

l'ight sensing.agysd ﬁ@&sﬁez@é?ﬁg%ﬁrthepfl%@sﬁftgt%l§¥5$r?%¥“ tR.asseci ated menory,
and at Ie st_.one Cal'blslgfll on coefficient stored in nenory froma prior

cal i br at i"OA"PF oL ES o SRt Y6/ i sing the steps of: neasuring the
| i ght intensireyriavinrhesatideat nkswst chegrbel imiathon saiedfidight &ensi ng system
retrievi pgidakbeb8t Jdngast one calibration coefficient from said nenory,

applying said at least one calibration coefficient to the
measured light intensity to obtain a corrected light intensity.
55. The method of claim 54 where in the step of applying at
least cne calibration coefficient includes a linear scaling
factor.
36. A method of determining the light intensity emitted by a
plurality of lamps in a bioclogical fluid treatment apparatus
having a treatment chamber, said apparatus having a light
sensing system with a plurality of light sensors, a computer
processing system with associated memory, and a plurality of
calibration coefficients with one calibration coefficient
associated with each light sensor stored in memory from a prior
calibration procedure, said method comprising the steps of:

taking measurements of the lightlintensity in the treatment

chamber with said light sensing system;

retrieving said plurality of calibration coefficients from
said memory; and

applying saild plurality of calibraticn coefficients to the

measured light intensity to obtain a corrected light intensity.
57. The method of claim 56 wherein the step of applying at
least one calibration coefficient includes a linear scaling
factor.

58. A method of determining the length of treatment of a




applying said at |east one calibration coefficient to the neasured |ight
intensity to obtain a corrected light intensity; updating a previously
determned illum nation dose; and wusing the corrected light intensity, the
previously determned illumnation dose and the desired illum nation dose
to determine the remaining treatnment tinme. 60. A nethod of determ ning the
llength of treatment of a biological fluid with a desired illumnation dose
ina biological fluid treatnent par at us having a treatnent chanber,

said apparatus having a light sensing systemwith a plurality of -69- I|ight

SeNsors, i .39gPULier - RIACESSIHNG. SYSL6 LW it h,ABSACI At %%sgﬁw Y, and a
pIurallty calibration coefficients stored in nenory froma prior

calibrati dﬁi?ﬁ;&?:]ecﬁ}”ed L 8T ARt BB EBIPR §1N G FFPé’t’§?‘§p§hat¥Per'neasur| ng the
| i ght i ntendi kyparetivhe hiardad neniighandesing t Bysand & i ghibusensi ng system

retrievi gosaidng! Q{lﬂelmt Yoi€h GaldRLAld HRnGAST TGl et SleLEQ%éea'd menory;
appl yi ng sai, d | ura %%ql[cécal ibration coefficients to the neasured |ight

i nt ensi t YA 6PobtH™ &° Eted °FPERT At SWEPEY; &8 usPRPT he corrected
l'i ght i nteeAgireyiandrddedune ssaiddnethbd unimatien tooseegoodet er m ne the

treatnent ti %asﬁ‘ln% %h@'ejil%g Bite%@rm @hé‘%r&?ﬁmk?”&%ﬂbq&f O]E I'Ieat ment of a

bi ol ogi cal fluid desired illumnation dose in a ogical fluid
treat nentsaé%[}é?}&t ﬁ?sﬁﬁ%lsﬁﬁte&‘ treat nent chamber, said apparatus having a
l'i ght sensi ngesystvéng wiatih at measalqmycm}flbrétzg:ht ceelfsolesit Sr@onput er
processi ng; $ystep W th assom at ed menory, and a plurality of calibration
coefficients stored in froma prior calibration procedure, said
met hod conpr P8PHG™E et st 85519&61" M2 SEHITF I Re PRIHELTT ERsTRY in the

t r eat mrenteghapberighf tintsadidy té ghtaisenstagesyst emghtr ebtdneviyg sai d
pluralitw,@f calibration coefficients fromsaid nenory; applying said
plurality of calibration coefficients to the measured light intensity to

obtain a cor P&tt%ed 1§ ghtriaTtensiltgRt HHERsiRYy 4 pr &Vf oGEFir et er mi ned

i1l um natilomidosiep &md to determine the treatment time.
59. A method of determining the length of treatment of a
biclegical fluid with a desired illumination dose in a
biological fluid treatment apparatus having a treatment chamber,
said apparatus having a light sensing system, a computer
processing system with associated memory, and at least one
calibration coefficient stored in memory from a prior
calibration preocedure, said method comprising the steps of:
measuring the light intensity in the treatment chamber with
said light sensing system;
retrieving said at least one celibration coefficient from
" said memory:
applying said at least one calibration coefficient to the
measured light intensity to obtain a corrected light intensity;
updating a previously determined illumination dose; and
using the corrected 1light intensity, the previously
determined illumination dose and the desired illumination dose
to determine the remaining treatment time.
60. A method of determining the length of treatment of a
biological fluid with a desired iliumination dose in a
biclogical fluid treatment apparatus having & treatment chamber,

sald apparatus having a light sensing system with a plurality of




using the corrected light intensity, the previously determ ned
illumnation dose and the desired illum nation dose to determ ne the

remai ni ng treatnment tine.
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light sensors, a computer processing system with associated memory,
and a plurality of calibration coefficients stored in memory from a
prior calibration procedure, said method comprising the steps of:
measuring the light intensity in the treatment chamber with said
light sensing system;
retrieving said plurality of calibration coefficients from said
memory;
applying said plurality of calibration coefficients to the
measured light intensity to obtain a corrected light intensity; and
using the corrected light intensity and the desired
illumination dose to determine the treatment time.
6l. A method of determining the length of treatment of a
biological fluid with a desired illuminaticn dose in a bioclogical
fluid treatment apparatus having a treatment chamber,
sald apparatus having a light sensing system with a plurality of
light sensors, a computer processing system with associated
‘memory, and a plurality of calibration coefficients stored in
memory from a prior calibration procedure, said method
comprising the steps of:
measuring the light intensity in the treatment chamber with said
light sensing system;
retrieving said plurality of calibraticon cecefficients from said
memory;
applying sald plurality of calibration coefficients to the
. measured light intensity to.obtain a corrected light intensity;

updating a previously determined illumination dese; and

using the corrected light intensity, the previously

determined illumination dose and the desired illumination dose to

determine the remaining treatment time.




