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WD 2007/ 109709 PCT/ US2007/ 064492 APPARATUS AND
METHODS FOR LEAK DETECTI ON | N Bl OPROCESSI NG BAGS Thi s
wa@ppriteedd on cl ai ms the benefit of U S. Provi sPOEE2007/064492
Patent App. Ser. No. 60/784,615, filed March 22,
2006, the disclosure of which is incorporated herein
by reference. Technical Field The present invention
rel ates generally to fluid processing and, nore
particularly, to apparatus and nethods for detecting
| eaks that may result during the processing of fluids
under sterile conditions. 5 Background of the
I nventi on Many nmanufacturers of products requiring a
tenporary hol di ng, m xing or other quid processi ng

step as part of, t he manufac roc now opt to
use di sposabl e AP W%m’#ﬁgﬂ AJEU ng the

fluid under ste igid m xing
tanks or 10 ves?eﬁ dvan?ageouaﬁéy, saﬁh %ags are
rel atively inexpensive to manufacture, easy to

transport, store, and sterilize, and can be di sposed
ofT hémaeplidadion péaiaisi the besefttompl/ &t d?ravﬁdicmayPawnbA@pt Ser. No.
recovered. Moreover, the use of such bags nat . onl
bé@WSéHﬁlﬁﬁ fHed Mereh Fbd0bothe disslpsigobidiehis ewaﬁ&samd
ﬁr crg ont am nation, but also reduces the overall
€NCk- f r equent probl em encountered by users
of such bags, which are typically nade of 15 one or
nore layers of thin, fluid-inpervious plastic film is
Techhital Figh of undesi rabl e | eakage. In the case of
bioprocessi ng applications, such |eaks result in the
| dhs poésent Rnvichiiby rélates gentrially tdAgidbprochssinghmd seomefparticularly, to
potentially hazardous biological material, If not
appara@xswdemettm@ Hor deleatieg laskn thafusay sesbairyg tedresssing of fluids
P rc)heratl on and render the end product unsuitable
“ndelf%?“e H%ever, early detection of such | eakage can
advant ageousl y Iead to appropriate 20 corrective
action being taken, such as before the end product is
Backg{-&iﬁd BRI VR0 7/ 109709 PCT/ US2007/ 064492 2 Up to
ow, [eakage In ese types of processing bags has
baémydnhfufacturers of geddacts requising a temporary holding, mixing or other fluid

processing step as part of the manufacturing process now opt to use disposable bags for
holding and contacting the fluid under sterile conditions instead of rigid mixing tanks or
vessels. Advantageously, such bags are relatively inexpensive to manufacture, easy to
transport, store, and sterilize, and can be disposed of once the operation is complete and any
product recovered. Moreover, the use of such bags not only both eliminates the need for
cleaning and the chance for cross-contamination, but also reduces the overall process cost.

A frequent problem encountered by users of such bags, which are typically made of
one or more layers of thin, fluid-impervious plastic film, is the risk of undesirable leakage.
In the case of bioprocessing applications, such leaks result in the loss of sterility inside the
bag or the release of potentially hazardous biological material. If not detected, such leakage
can thus compromise the entire mixing operation and render the end product unsuitable for
use. However, early detection of such leakage can advantageously lead to appropriate

corrective action being taken, such as before the end product is distributed.
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reliable fashion. Usually, such |eakage is discovered

visually in the form of wetness on the outside
waen7aesonf the bag, spills on the floor and sPCHHOS200/064492

course, this nethod of detection is not reliable,

since such wetness may result fromthe condensation on

the bag outer surface, 5 andjpunidentified spills can

ari se fromother sources. Al so, many | eaks cannot be

d L B4R ihfhd | ' BerfdiPRER: to detect |
n?r];Ee ﬁ’gtﬂgblé?@r%@ l%%%%%itgg‘% cﬂﬁ%o!t:is(gﬁ%?@ratgl‘s ?:1 3% gr case of odetecting

reliatdé Ghase STEndly, sBeH legkaddie divcol agdcadual lyuh dee foetncof wetness on the
stored or processed in bags conprise I1quids, such as

outsidmswefadeasfahic bhgaipiltd gnt the fladrandapenr OXf goimse) thigymethod of detection

i el ectrical conductors. The material conprisi g& t he

is notgghiablesingrsushertngss meay resulf fremdhe condenspioes, ﬁgﬂt@g@mer surface,
oL, 0 r, pk@astic whigh is,ver ood, gl ectr|

and ofdeiubE P bt o S8 BT bl A ganngy e detected

. ' . | astd ' ral |ayers
v1sua£l? ‘fflﬁiemﬁgl 1% @(t%ﬁ{eﬁ?/%% tcgéseﬁ(gfgge%r&%shg}eﬁ gt?l(ljﬁ?]\ggchi ng I>/ayer
ofin thepht@ulis wabd ¥f bixprideesiBg smokeatihabislogivdl fluids held, stored or

extracPabIe characteristics to mnimze the )
processat iartiagatomprisé lighies psuch as seterfiasedielactr ol ytas| thatiregelatively good

diffused out of the plastic to the fluid. This |ayer, )
electriealtapidaatory: (Thw matesial wopurisgamiheches, ol ather thanga is typically

POlye%h%(}igSqr;ﬁé gﬁfetr@hf '%;\H&%Eiigg{%y ge Y glglcﬁ'fclgl f’nt‘;glgag%} {’13153513%5 containing

biologf%?gﬂn I stcﬁgyg‘ﬁ% ﬂ.isrﬂ gﬁgiaﬁfg{' BEQ%%)@)% g%ning E%‘%SC 'lai[«ﬂ'g of film. In the latter

case, Rﬁ@%ﬁé%uéﬁjﬂ%% tofPiRVhALubillv B theesdsanéfmlable and extractable
strength of the bag. Even though those |ayers are also

charastegisticetoanirtitnézd the eontairdration dfdle proyessed fhuid uistraokecales diffused
amount of organjc nol ecules if they contact fluid as a i
out of deyplastierto thesflpil. Thisdayenis haisallydesteasinpolyethylene. However, this

S Be S30 S0P 0B LG B S0P L Lol Loy
addecg&{]g#%'cé’ ﬁfl‘ng tridbfadiBartdRen bkt &F ﬂl? fhagconpart ment of the
ag"throug A&

onl'y “one or Severa yers of the film but
dges eR@irnhidatcrfd)asd 6 sﬁ?pésféﬂ 6 &flich@ke %rocEé@edlﬂm@dl but provide for the

| eaks, where thé conductive fluid | eaks to the outside _
mechapital @fergtle of e bapy iBvenrthongh those laygresealsd salike agathe inner side,
potentially contam nate the praoduct in the bacg a

they mmbagh substagrial amg)ﬁag@ﬁ QrEHNIS _mq{@g&g@if Hanconia glgg:ij as aresult of the
ot DG RO T Rt Gk kg0 G B Bl o o pes
ther ehYn@l A LA {ibrd MEKbAtRafty thRASNG Afid AR ior
compartment of the bag through only one or several layers of the film

but does not leak outside of the bag; or
2. External leaks, where the conductive fluid leaks to the outside non-
sterile environment.
Both types of leaks can potentially contaminate the product in the bag and thus are highly
undesirable.
Accordingly, a need exists for an expedient, yet reliable manner for detecting either

or both of these types of leaks, thereby allowing for immediate corrective action to be taken.
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WD 2007/ 109709 PCT/ US2007/ 064492 3 Summary of the
I nvention In accordance with a first aspect of the
WO paogned7en, an apparatus i ntended for use in aPCT/URME1/064492
tenporarily holding an electrically conductive fluid
in need of processing under sterile conditions is
provi ded. The apparatus conpri ses a plastic bag having
a first interior 5 conpartment capabl e of receiving

S“mm?gi%%ﬂg%"#‘ﬁ"‘ uid for processing under sterile

T LI . pparatus further includes a rigid
Cefthat@andewitha frssefrotof the divedtioncanmsidrame intbodedfor use in at
| east partially receiving and supporting the bag. A )

least emsmarilshqding ahededtncallpessinetve flaidinasedof poicessing ander sterile
of the conductive fluid fromthe first interior N

condigigmg aist prowided. Hic BPRaIRtuSheRMBESEs B PIR%G hag divang e first interior

k of steriljt

compBggit: campte 8 teciving o Pesiodubiige S E8! pracpssjpe under sterie

[ on i 0 r' f . .
cond Tk ArERB SRS Hrinded S50 PSR A d ond i
AL B6k R XERE PakiallQ rddedyihp bl shpPdRfih@ thedaEP A §6M86# is provided for
com and capabl e ofﬁbei ngr conn%ct eg I{ﬁo thg; fi rslgtp el ectroge

sensing titeaptesence diea akdifché cenduative fhyid thwem Iteakirst interior compartment,
_ Preferably, the sensor further includes a generator

whicly tamthusrbeDeed 40 indieats e potantialded okbyebiatiadhe Bitemer compartment

andalli rsf. 15 and second.el ectrodes for detecting the

P ER AT W&OFWCFH%E‘?%‘%I ting circuit inthe
P %%@%%bcﬁfél;n rr{elt’ Ietﬁlé( seﬁ%&? Fé?f,?éﬁef Eﬁs{itaﬁﬁ%%géﬁa% FFEQ?Sﬁ eThe second

t hrough™a c Sea he si

electld@E is! e eeREtn] t foetHRaf BN tdrig! ééglﬁ?ﬂﬂhéﬁuhﬁd cApsibile of being

for receiving the first el ectrode. | nore

connguted & dial first ¢lbetrodbedmactingy theicontiucibe fuiddiyribe teak. fRreferably, the
allowing the first electrode to 20 contact the

sensog Gadbeninclades u genara@s of ACees DE veliaae andp detestos cpnggcded to the first

support container nay at |ea artiall onpr.i se
and s RSl Lo e el T Flo v e e et u LB ESHSt i the presence
t her enbodi nent, the bag conprises a first |ayer of
‘erial arranged for formng the first interior

C MRS TEREréMdImay pesiefdthtcipdra dmivkiceehldoreil ¢ geisidewall of the
the first layer of raterial. Preferably, the sensor

bag, inonhichsase fliertsie may ircbadnadtublubar tpootdies réazivipg she fimielegtrode. Still
at 25 | east partially between the first and, second
more|pagfarablys theafublasiporinclidesta cenmectasfer gllowmrge the Best electrode to

conta e SR o L3S SR o S Mob R oyt
partidlfy ddMipridh e RMctife MAtdE FoARRB AL Usedndltadiflef O

In another embodiment, the bag comprises a first layer of material arranged for

ofal
na

forming the first interior compartment and a second layer of material adjacent the first layer
of material. Preferably, the sensor comprises first and second electrodes for positioning at
least partially between the first and second layers of material. Alternatively, one of the first
and second electrodes comprises the second layer of material of the bag.

In accordance with another aspect of the invention, a further apparatus intended for
use in at least temporarily holding an electrically conductive fluid in need of processing
under sterile conditions and detecting a leak thereof is disclosed. This apparatus comprises

a plastic processing bag having a first interior compartment capable of receiving the
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use in at |least tenporarily holding an electrically

conductive fluid in need of processing under sterile
w@omdited7ens and detecting a | eak thereof is di BCT/OS®A7/064492

Thi s apparatus conprises 30 a plastic processing bag

having a first interior conpartnent capable of

receiving the WO 2007/ 109709 4PCT/ US2007/ 064492 4

conductive fluid under sterile conditions, and an at

L I e TN -
strucfufé ﬁic\flhde% q %oﬁh Eiﬁtteﬁgr c@h@éﬁﬁs&?ﬁx%%asﬁﬁaﬁaﬁ?&éé@ﬁmg the plastic

connect to the conducti inthe firs

procek§ingl b&y. AfnglactidmN tonsectéd a1 ahel doadhotive dlnid in the first interior
el ectrical circuit with the conductive support
compattment iy @ringed to fermre steutdcalfcitchi widathe comdiiaiéve suppost structure

) | eak detection, a generator of AC or DC voltage.an a
in theguesepce pf therlegdet B a,(:ﬁ]étatqaléalg 8@tp@tmn,]a| ggﬁeqaitprtqig-\c or BC voltage and

o Qe 5V L ABEUTE e B R RE LA bRl B Bfccted o he
electt¥dk Ang the l:oﬁdtfc't‘i%%gé%ﬁieﬁﬁ&upé the invention, an
apparatus 1s 1nten or use in at |east tenporarily

heh deditd@iceek BE bill adittiercapasiaifitveinvieniion,ian apparhtad is intended for
processing and 10 detecting a |eak thereof. The

use ireqtpeash tamsperaniy haeldingameloceissily gomdugtive fwid &1 megdapf processing and
first layer of flexible material creating,an interi.or [
detectiBEpdealntiirecta T I BRNHSCRUTI S 2HACGSIE [BEiComPTISing @ first layer

of A5 T G LGP ASE “hdp REeh CoParIerLpapaift PE réetyipg the gonductive
fluid ﬁﬁ&M?rﬁE%%hﬁﬁﬂ)ﬁ aflll ra%@%?[ﬂi ﬁg&%fﬂ%ﬁﬁ ﬁlﬁ@]&?ﬂ(ﬁ?ééﬁ? the first layer.
conpartnent are arranged so as to be capable bei ng

First &e§eeha eldyrodbearr AlterngBdtthé hifted dr oimpireséntadearranged so as
extends at least 15 partially between the first and

to be sapalild dfdyedng cofinddtek bpitlee FeakerAtleastl the divet elattoetlmextends at least
both of said first and second e| ectrodes Eﬁrrae bet ween

partialkyebatween timfrst 8¢ serpnddgears of flexibls materiatat er i al .
S bR AP P BB oA RS AUR e it
scon Y TR AR L 4 S PSRIBRTBLIAS o secon oo

1lexilZ€ maferdd GaH IR R ontl Elecietle anRARE ThasBESd elbciid® may also comprise
i nvention, a nmethod of processing fluid under sterile

a rigid eodiainerfer receddang aht edppothag itlet bagl conpri ses
providing a plastic processin bag having a firs . )
i A agGQsdancewEh vRbHIOTAGTAsPEH T Ahe ventiQn.ehie mrocessing fluid

oA G RSP B BRSRSALHEDHES A s P rocessin
o MO Syt 44 £, B R, i the o s
suppdré@kucture having a second interior compartment, providing an electrically conductive
fluid to the interior compartment, and providing a sensor for detecting the presence of a leak
of the conductive fluid from the first interior compartment.

In one embodiment, the providing step further includes providing first and second
electrodes capable of being connected by the leak, and the method further includes
connecting a generator of AC or DC voltage and a detector for detecting current flow in the

resulting circuit to the first and second electrodes, Preferably, the support structure is at least

partially conductive, and the step of providing first and second electrodes comprises
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25 of the conductive fluid fromthe first interior
conpartnent. In one enbodi nent, the providing step

w0 eoorhes709 ncl udes providing first and second PCT/US2007/064492
el ectrodes capabl e of being connected by the | eak, and
the nmethod further includes connecting a generator of
AC or DC voltage and a detect.or for detecting current
flowin the resulting circuit to the first and second

o A8 S i R B Py e comparmen
o Y 18R RS0 R S o copries

first AldectsdRiyers anAReh], thepeaiditg biependy Wisttat Robipgiskipositioning the
interior Conmpartnent and using the support structure )
first sl $dvendedentrbdes extarnaleo the firkienteaoe cohgraetridng andgt least partially
conprises first and second |ayers of naterial, the
betw e dirsigand wsond JeyersokBdtesilpr i se posi tioning t he
first and second el ectrodes external to the first
interior conpartnent and at |east partially 5 between

BrietD&ckdifin APthSBERhdsayer s of material . Brief
DesCrIp

OfT Of —the awi ngs Figure | is a schematic
diFagiiram Rfa RheinatiodidihanGPBkingetanden@ninedglihd adag in a rigid
rigid support container for possible use with fluids
supparhdentaitee for possibie use onth; fldids Bhderse?leiconditeniseat i ¢
di agram of a | eak detection apparatus form ng one,
afpeue 208 a schemgtie diagrampfarealodetertion appagatug farming one aspect of
schematic.diagramillustrating an alternative
the Preseffdii@Hiof the | eak detecti ng apparatus of Figure
20 Elgure 4 C i [ f j
DA el o SueL At e R CBOERIePBf the loak
detectifl @pﬁéﬁﬂls dEtigiiteett Description of the Invention As
not ed above, the present invention relates primarily
t Oigppdriahsshematicdingous of oteakldetdetide mppatiatus. forming another aspect
particul arly advant ageous use of the inventive
of thegpygaerHtlueHid. et hods is 20 in connection with -
bi opr ocessi ng applications where fluid conductors,
el ectrically conductive biological fluids (typically

DetalldBederif AR d hE InintGOS1 SLing essentially of

water ), dare at reas enporarily held in thin-walled,

f gl dib@abdves tld presddt by en@isn Sbites Pihardly tb appAUARRRINEG methods for

di sposabl e bags nade of one or nore |ayers of plastic .
leak ddtéationAsA pat il athp udvarthgenus ype obthe inventive apparatus and methods is

in connection with bioprocessing applications where fluid conductors, electrically conductive

biological fluids (typically liquids comprising or consisting essentially of water), are at least
temporarily held in thin-walled, flexible or collapsible vessels, such as for example
disposable bags made of one or more layers of plastic film. As noted above, this type of
vessel can advantageously be disposed of once the operation is complete and any product
recovered. This type of arrangement thus not only both eliminates the need for cleaning and
the chance for cross-contamination, but also reduces the overall process cost.

A particularly preferred use of such a processing bag is in a fluid mixing system. As
shown in Figure 1, the bag B is positioned in the interior compartment of a rigid container
C that serves as a support structure. The bag B further includes an interior compartment

adapted for receiving and at least temporarily holding an electrically conductive fluid F and,
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vessel can advant ageously be di sposed of once the

operation is conplete and any product 25 recovered.
wapiog/1e97pe of arrangenent thus not only both ePCTURNDBE64492

the need for cleaning and the chance for

cross-contam nation, but also reduces the overall

process cost. A particularlygpreferred use of such a

processing bag is in a fluid m xing system As shown

most ig?ei%}&ﬂr:a ‘%iok%él@alﬁ?gctﬁfé BqRESThé 98%?11&#1&' ﬂ'fé%a .54 géﬁcrally greater

arigd CO tai ner at ser ES a

than SHPRRYE ! arkl pre€drdbg: onTih% draer &F T0utd oo lirgk.udes an
interior conpartnent 30 adapt ed for receivi ng and at

| ddeanstferpgitatinig the hioidinthe bag 8, swdlr as:mmagn@tm'mlmdher/ Iarotated by an
fluid F and, WO 2007/ 109709 PCT/ US2007/ 064492
exten@alén@m%dgivw@DomaV slfods nryvai@di fFeshovg Alt emﬁEV%lénqyﬁ% addition, the

i S B AR SR SR UG AN g o e
B. A&(ﬁﬁoﬁ?l &eel’ﬁﬂsncgf sPEﬁﬂﬂ%é@t%tﬂl&txﬁgmﬂqgaﬁye fHuhA ﬁéoﬁmonly assigned, co-

exter na

pendl‘ilxg\w SePQeHﬁélpﬁlh@@mhfSepwll(lﬁiM 457, seikclodirt 6f Whidh\/lﬁiﬂmrporated
or in addition, the fluid agltatlng means mnay

herein bypefesence. spar ger (not shown) for introducing a gas
into the bag B. Additional details of such
f |Qnmm@mnla!m &I@Jarmﬁé per,dasectingUgeks in S@QWE;B which is especially

impoﬁeﬁtl %%pgotj}e A&t&yﬁfﬂh Q? 3@% d{l%g]@? Zc}ogx?ﬁ S(gq{l _cat | Be I%glrntamed 18 NOw
descriﬂé‘ﬁ% %gncg D& ERhie BY Asg lﬁgetgﬁ&? th@ﬁ%zﬁé gﬁb%éudes a leak sensor

ectin

or mé’z\{ﬁ‘s ‘fBr !;éns%go@ %a@d ¢ompridéing AP RiakPHiie mﬂrpdetbea&wmy oh¥) electrically

of the interior conpartnent nust be maintained, 1s now
condwtederdlémrcbda I2mssediatedveich the HaigdR(wehich, alhoigh net s]:axvad ,may include
t he apparatus 10 includes a_ |l eak sensor _ or, neans

the agigatinggeans.calehosnibei smellend qfe]%igtlfeohb B ihisphiest @ﬂﬂ?ﬂd}meﬂt this

et Qe BN B S brBRBEVEN S SEL R B g e at s

partla'lmfygdr'ﬁ_k%ég ;&ge ]igpgﬁatl] ﬂg’[d%?aéldg.g‘? ;5?@%%%1(1313 :@nﬁﬁm{eﬁ .eex'téfﬁﬁll {oBthe interior
compﬁhﬁfén& OHR et e P &R §¥ il Hetfest B FR16HS RAQHbNSCARary &ir thBelectrode 12

bag B such that one end at least partially contacts
to pendtenté ttgpusidewald iod chealba BHa coddrean reald: comtprisvith theetuid F, even if the
external to the interior conpartnent. However, as
sterilgcondiens|agcioiipanabédioggd. it is not necessary for the

it SR St il o Ll e
et 5O R P05y RO B DB AL evoror means

for scsBpl bAfBxeAld 86 AR Bltidtior compartment of the bag B. Preferably, this second

electrode or conductor comprises a conductive material forming at least part of a supportive

structure for the bag B, such as a rigid container 14. This container 14 is preferably formed
entirely of a rigid, conductive material, such as stainless steel. The container 14 is arranged
such that it least partially and preferably fully receives the bag B, both when it is empty (that
is, before the fluid is introduced) and also when filled. Although shown spaced apart in
Figure 2 for purposes of clear differentiation, it should be appreciated that, when the bag B
is filled with liquid, the interior surface of the container 14 is normally in intimate contact

with external or outer surface of the bag (see, e.g., bag B and container C in Figure 1).
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referred to as a conductor for purposes of clarity)

al so formng part of the sensor or neans for sensing,
whei7asa7ey nal to the interior conpartment of tPE/BS2POBI64492

Preferably, this second electrode or conductor

conprises a conductive material formng at |east part

of a supportive structure fgr the bag B, such as a

rigid container 14. This container 14 is preferably

f Gfrhges%ngér (?rnge{né@lgynél?éenesfof ﬂﬂﬁ gl‘agal%ﬂﬁdﬂ? b ¥1§15%h§f fcﬁ"r%lé%oses of this

such as stain ontal ner IS arra

prefest8 Bribbatmédt fiRB&tcopfrised!(1 Ya geiratbel Gepable dfwehdrating DC (Direct
receives the bag B, both when it is enpty (that is,

currehi@fop A6C { Altefating cusrent) tvottdge @y, abakterly oo altbmatdr); dneld2) a detector
Al t hough shown spaced apart in Figure 2 for purposes .
18 capéblelof detagitihg ddEor iAdt elpeirid cursensu Soitaklepoppeatiansesich as by wires,

intercopipes be elsoAlea Ty CORHEtE i SERERLOLA 6 1 sebaeleh 1§ fo as to form a
. dnti 1,30 Wiih. ex | . 96 f
circuipy e RSo Gl ity Follipda R AR okl Mg
1n a\éﬁnﬁf%%ﬂ&ﬁ;&%ﬁ%%/éé%%%ﬂ AG4889r% 2, thd BEstSRIRIdeA? comprises

sensi ng neans of the apparatus 10~ as 1'lTustrated for

an eldgapSEscObT iktA mdreeilqan frefoibll omnthat lsrdohmision-resistant, such as
conprises: (1) a generator 16 capabl e of generati

stainl¢fi sterd). Thigetestiojde 42 mi ;(euetretert_hrdugy theimadnty apcﬂg@gec bag B. An
aﬂnulgigb@r@mg' ilt &b_eaaLé%r@{wgéq A 33@,33,%%&@ @ngq@é@(q'@@%_cﬁfqtrgﬁ@grpon of the bag
B may g bEiled Bhaaat i eBHitinfir eptlrbfiesr v bRy IRRREE However,
the elgﬁgﬁ[ %ﬂ%ﬁdﬁ%%ﬁgg’ﬂ?éj rf{)ﬁg B aHSkg ‘ﬁ?&'otlhc dEQfedPYERAS S @ntact with the

rint [ ow ng

condutgsclel Pf t@tainken 14) ® hepbseaslivhedi ment, and as shown in
Figure 2, the first electrode 12 conprises an
elmogapradfepednwdofofmee and ireaceprdance anth the ofastisplof agagshod of leak
that is corrosion-resistant, fuch as . stainle

detectipBele. baghiBs e PARPPEdavill T pIESBREE 112t o ASPRIGEFAbONE this may be

el BB 5o BORP 10, BB PR g sl
sidewtgp:orfﬁﬁé 'blagIBefs.lﬁ@h Behe ﬁg%@?ﬁtﬂ%eﬁ@% eEBdsg'.h%\Nﬁ‘l hM8gure 2. In

I'Or environne ypically desire
any chyaueresult Rethat oak repdeofiel dedttdde P oninh@iicites Witthale interior,

alllows for the desired electrical contact with the _
potentieliy staride epeirgnmentof dhmbag B pndds e lenst abttiadlyeis. contact with the

one preferred node of use andﬂiln acco anff:e W tfi t he. .
condysitiyetiiuid Fopr et hp gopiragtet othey Q!]élt(éfrctgﬁ skectrode 1gpgojgets outside

.S ui with.the el ectrode .12, As. not.ed v
of they el BBt it B B30 Bl e SRR R A RER . e result of

i ' k&thor f f this

e cofiE kb e L FB4L 1D gl Pt o o urposes
prefetred festi embadinent ofishs hepuratug 10 dloves Slectrival contact to be established
between the generator 16 and the liquid held in the bag B.

As illustrated, the bag B associates intimately with the at least partly conductive
container 14 and is filled with the selected liquid or other conductive fluid in need of mixing
during the course of bioprocessing. One pole of the generator 16 is electrically connected
to the electrode 12 at the outer (non-sterile) end. The other pole of the generator 16 is
electrically connected to the conducting container 14 including the bag B. The electric

current is measured in the circuit (which of course is normally open in the illustrated
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any case, the result is that one end of the el ectrode
12 communicates with the interior, potentially

W@ @ridgoenvi ronnent of the bag B and is at | eBGI/US2007/064492
partially in contact with the 20 conductive fluid F or
liquid. In contrast, the other end of the el ectrode 12
projects outside of the baggB or is otherwise in
conmuni cation with the external environnent. As a

embo@%ﬁ%gﬁg%gﬁf&gw}ﬁ?’i on noted above, the el ectrode

e sensor for purposes of this

prefefd Bthd lehk th@ﬁ’gl@ e Bl offthd Bpthetaisus dectalchosmtinuity and
el ectrical contact to be established between the

thus genfowt of ele6tramdurtremt. [h qifiet Weids, ihe cineuib aepledingshpslectrode 12,

illustrated, the bag B associates intitmtely vvith.thz d
contager|l dagenasatir 19, anshinieaton, L8 TeeaimnppR HACtspurisnt jsmog detected or

.wth the sel ected.|li,qui.d or other conductive fluid in
reg1stﬁ@e‘éﬂﬂ3.}s Wﬁ&ﬁaﬁﬁg adﬁ'roilﬁé(tﬂ@tecoyrse of bi oprocessing.
OV RS, 85 pHASCABASE B bt P B ARGl thore o

L in FiB6reot)EmP ah @1@fritd1QofiReeEb@w@en Hee Tiguiddh €ied bagBldnyd container 14.
connected to the conducting contai ner 14 including the

This fesgltBin dbsedetientit heodth whicheslectiis comrasucadlow fram the generator 16

circuit (which of course is nornmally open in the
to thejdefassor L, schiionggertesitbe posseresmitap ok ddihgygh ngt necessary for most

ol R L5058 1R RSB g .o
: I Qi : I [ o
ol IR B P B SR R BTl |1

COntiR! pieferict erBSOARRNL thibletdst 1ddREpNes b ub@ibimRasuring device,

open. Electric current is not detected or 5

such aegh atyr sdtert(is/hicideasat dregofathe polé efikie sdrmraor 16 connects to the
However, if a perforation or hole in the bag wall | oo
electrede 42 or to Hie canxingy ! 4.iagshgwnrin FaguedwHawevsr.Eny fuitable indicator

forms an el ectrical, contagt between the liquid in_the
to alsg BeRe T ks Rath B CreFiNERE Sl b Ahpl Tl hy B used. The

mpof I N gL LSS PR g Y46 e such tha
suitalf18 anliesAREmeAsur e § B talddnt hough not necessary for
nost 10 applications, it may al so be advantageous to

pra-shetldbrapprdotated thes gerfaater b6 anddetbetgr B may betmeorporated in one

~wll help to ensure that the circuit is closed by even |,
device eotshamingsThig devisgicen simply eeashes the resastangsofi the gtrcuit (which can

this detector 1 onpri ses . a.current neasuring device .
Of coule Re 2R At SIPEChe (FAEIoR T 20908 SHEUDh i s BiAnge gy very high.
t he .gener . t
How B ERELEY B BSHRABRE 5%, A R oy iy hecy
indicatt b @PteRehd0bChE Wak.
As should be further appreciated, the electrode 12 can be pre-introduced during

manufacturing, in which case it would become an integral part of the bag B. Accordingly,
the electrode 12 should be capable to withstand the sterilization cycle performed on the bag
B, such as Gamma radiation sterilization. Another option is to sterilize the electrode 12
separately and introduce it via a tube T associated with a sterile connection device K (such
as a KLEENPACK device of Pall Corporation or a BIOQUATE aseptic disposable
connector, manufactured by BioQuate Inc.). Insuch case, as shown in Figure 3, the electrode

12 may not project into the interior compartment of the bag B, despite making contact with
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15 to alert a user to the leak, such by creating a

visual or aural signal, may be used. The i nportant
w@oiontlo9789 t hat the presence of the | eak is proPEr/U§20aTI0b4492

pronptly identified such that suitable aneliorative

nmeasures may be taken. As shoul d be appreciated, the

generator 16 and detector 18 graybe incorporated in one

devi ce (not shown). This device can sinply neasure the

the ﬂ{]ﬁﬂ:%g,qpéeop{hg;tﬂg?qi rcuit (which can 20 of course be

n'case of no leak (an open circuit),

t gy EGStSIANGRh skidBhY1eakd nterovayats dédveldpieRondy one or several
| eak closing the circuit, the resistance would sharply

layerslofipatenia] (hg playtic film) ieavedoldsor peeiemtioas dfut thesexiterakl layer remains
As shoul d be further appreciated, the electrode 12 can
intache Iprtéus Attuatius de oﬂmdn@aymgﬂta@ommm@ut iof mﬁ bag tadke external

envirSRH Y et 158y Areiti gies b BReome 1 B dBtest thisling of leak, a

leak ‘gté%ﬁ%%g’a{@mfgﬂﬂad Eél?fah ?ﬁﬁ?ﬂ%lﬁ’fk@gﬁr%[ﬁ? ?ﬁ#el?ﬁoﬁfi@descnbed.
an g 'ﬂlﬁ’ér:jtaﬂe%'eﬁ‘éﬁ Sdeehll Ehﬁ)%dhﬁ@ﬂt%f@ﬁé s95h@athd 108 ﬁﬁﬂie@é(ﬁin\g internal leaks

roduce it via a tube T associated with a

now bt Hesceibedeahd onitld eefecendé {osBigure als m s¢fisbENPAGKOciated with and
devi ce of Pall Corporation or a Bl OQUATE aseptic )
preferfiblp agangesd betweee et least twannttmal and axteynadlayeunefanpigeia) formmg L,

Lot B B 050 e e G LSS R R spaced apr
o508 SR o BB RS SRR AT ] n i

3 (mthlé\ﬁ the 6}90%1%?13% R’;b@’ébﬁﬁﬂ@kd' £&lf§d fd:r”fn%?ﬁ@és bﬁﬁhﬁsﬁatlon) this

devel op mhen only o or several |ayers mat eri al

sensofeofaprisek asldast fvd slechredes 10¥agc302l tipe afosmiced apart lwtotherwise not
the external |layer remains intact. In this situation,
in electrécaf Icantachaythb@bﬁmcemfm leglo Tthisomay ibe asagmplsheskby separating the

eIecﬁlgat ol Qﬁa,tlﬁlg% o Ogisu rd}g{gécéﬁpﬂf rg tEa s u | atcfeal 02b comprises
a conéﬁ&r\h %ﬁbﬁ@x& 8@{10@"@ ?lpﬁ(gtcgﬁ@ﬂ%?lmnco%& ée g@? rgﬁ{ﬂ% bagﬁﬂ? Preferably,

as sh&wal Bid Sdcesaanh Mo '@Boﬁfbétﬁ%eﬁﬂ@fa%ﬂ% @LQ lf)@tr peﬁletrate the

detecting internal [ eaks now being descri bed,
externglfigyeicenly H @gheewdrdsans pag@f thesenssos uﬂt:eniam Whh almglinterior of
preferably arranged between at |east two internal and
the bagBemiath fhapdiedpsoto ensties 4 maatainriye desired gferile efviramenent. Most
re nor mal | n intimte ntact

prefe@%?y,gh%\é\%@ggﬁl Ig)ég{gaa rtadﬂqgengqjlag@%rggmglpon of the bag B for reasons
that Wlhbbu Sl%uﬁﬁe% 'u%ﬁérgc,t cﬁlowg%o% ’%%}Ft"‘é‘%g é&é %Ml&vﬁ%%e&&gpnon

As before, the apparatus 100 with the sensor further includes a generator 116 capable

of generating DC (Direct current) or AC (Alternating current) voltage; and (2) a detector 118
capable of detecting DC or AC electric current. Suitable connections, such as by wires,
interconnect the electrodes 102a, 102b, generator 116, and detector 118 so as to form a
circuit (and preferably one that remains open in the absence of a leak from the internal layer
L, in view of the initially isolated electrodes 102a, 102b).

In using this embodiment and a corresponding method, the sensor is initially such that
no internal leak is detected. If the liquid leaks through the first (liquid touching) layer L, of
the bag B, it may flow down toward the bottom portion of the bag B and make contact the
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3 (in which the proportions may be considered altered

for purposes of illustration), this sensor conprises
W@eoo7aeso t wo el ectrodes 102a, 102b that are SPEES2007/064492

apart or otherwise not in electrical contact in the

absence of a leak. This nmay be acconpli shed by

separating the 15 el ectrodes;d02a, 102b by an

i nsul ator 102c (which if the second el ectrode 102b

electl%?lgF r1'05851q§3 ¢ %ﬂgﬁ %%gYa%t HRRO e gfe?ﬂ'&t gﬁ'&l%%ﬁ&f that current flow is

cont ai ner € considere

estabF El?éc?r@l%% ueAfly S \Wetectdicl B REidapsdane %@@ﬁncé@?ﬁleal%ﬁk such as by
bot h betvveen the layers L1, L,, but penetrate the

indicettgetiraflowayfelediric onhrynt. | n ot her words, no part of the
sensor is in contact with the interior of the bag
wiuenmerizigghdiepiregoings apparaing héiart SO0 canebejased é@l advantage in

conngCiER BRI GP A REDRRIP B PE Rt G L RO g lectrically

cond bR DA Wipith) LUBORF bl MASSERORRIYRER n thin-walled
flexitF1B RRcAllHBsiBROVaNsER MBB a%eﬂaﬁ ‘é&alfng[é #i8podabld Ba&Smade of one or more
generatot 116 capable of generating DC (Direct

layers of rpgmdtic AtmACA(dinker adudey electraivs) 12014 agd02and0Zi2that may be
a detector 118 capable of detecting DC or AC electric
conngnied &yt 2 18wt eithar intenalctd anmultslayaregs vesselvor @xterpa thereto, to a

generlg%e ]g&eognlaggocglgt% q(t)%%grof&z '8 1028@}98[6 gﬁés%rnc% ]c')? 'the leak to
atlowfoR oBp R ESmotfe AR fRretR v MG ARURERRE. ' °

| il ﬁiﬁ%}@b&ﬁ%@éﬁ%@@gﬁk 86 1hR88SehBd@imeHi2hy thel iRvatiidiS are presented

this e a correspondi ng net hod, the sensor

for pl.lrfosdﬁldf Illaxhdmatﬁm@hdﬁh@dnptfm i eremat inteaiedits be exlentstiste or limiting.
the liquid | eaks throutgm the first (liquid
Modifisadtinale pessidlelin bew dDthenteaekiggBprovidadherdinw Idywmstance, the

inverkighcauid P asaeiD 00 AR PBS U PSSP Rap B oy with the flexible

Vessegf gﬁsrq%gteoif ar]%o%ﬁal&ggcﬁefl ﬁﬁ'?{l]lé %&a?[ée%ﬁ/ttp? e%ﬁ%?eatt&ea short and thus opens

the c@éllﬁbwdﬂﬁﬁﬁlallgoﬁt?tﬁl?ffpﬁiﬂs 10 Iﬂﬁd% &Fattﬁ 10(Lfha ?r'igg@cﬁ&eﬁ)r detecting

t he presence such a i ndi cating the

interrfall @l ekteeha ddalisc Mord thah onSeensar Ilri'aynﬂsd h@pfdjﬂl@fgbnnrtgther apparatus
Qigpar atus 10 or 100 can be used to advantage in
10, 1@bnAlset insteadiaf fomimgrabloweiriaf asqapitdiner 145 vingasea sulpnora structure,

eSS40 o e L o T v s
souc PR ol Rl e LD Ry e b G

a metdBBRd | I&]gj;ifgg] peth cﬁﬂglp?é{ﬁs%d%r MARithG flédible Qlastlc bag, the

sensor 14 or 102a, 102b th
appar@Bi 1e1 OO may be used in connection with any vessel having an interior compartment
susceptible to leaking. The embodiments described provide the best illustration of the
principles of the invention and its practical applications to thereby enable one of ordinary
skill in the art to utilize the invention in various embodiments and with various modifications

]
Fa

as are suited to the particular use contemplated.



10

15

30

connected by a leak, either internal to a
multi-layered vessel or external thereto, to a 10
w@eeenes7ey 16, 116. An associ ated detector 18, PAI/BSWATI064492
detect the presence of the leak to allow for
appropriate corrective action, thereby saving tinme and
money. The foregoing descripfjons of various
enbodi ments of the inventions are presented for
oses of illustration and description, and are not
In thig:qlg ged to be exhaustive or limting. Modifications
ane pogsi Rhsarhtls ThRNded féreselifae éd3e %Iﬁlﬁ(ﬂ’ﬁﬁgeﬁolﬁﬁigehﬂ electrically
For instance, the 15 invention could be used in an
condustiverfheidentmeat ef pradessing mader stesleciontatbns| tdmplising:
flexible vessel forms part of a normally closed .
ci rcui 8 pirsicbyg thawingeairsy buerer aomnaitmeahgapahle of receiving the
opens,. .t circui.t. Additionally,. both apparatus 10
cond ’BJHBQ:}EJEH@%W%? Foyeif&OmEO et ecti ng i nt er nal

and extdg{élﬁlcoha- WS nd\RE atsg@éhcggﬁqulg&&%%@%eﬂ i aggeast partially

provi de n el ther appdaratus I nst e
recei\ﬁﬁgfaﬁﬂ@hﬁgoﬂd tﬁébﬁ%{incpf a container 14 serving as a

support structure, 20 the second el ectrode of the

appar atssnsbl forsensingphé mresenceaddlesk ofgheewsidustive ke from the first
) reticulated structure external to the bag B or
InterigheRRBArtAEAtict ure integrally formed with the bag (such

as a netallized filnm. Al though specifically proposed

for use with a flexible plastic bag, the apparatus

19, 109"}1%%#%22#@ o¢ dlﬂl’[?qn%%. RN steﬁts@g?f%%\?gi%bj first and second

havi ng an 1 ror conpartnent suscep

electrb@eKisafll sddvadesibadbdentangiaseitbdad ey fiele ibfeeiobedinpartment and
illustration of the 25 principles of the invention and

capahil¢ of peiag conadctepiul the dirstebacttonletcoataetipg dmatieiuotiee fiid by the leak.
ordinary skill in the art to utilize the invention in
various enbodi ments and with various nodifications as

5807/ 1689 60PBERN RDIB? GeHReE Tie Sesor B ther dpsilitgs a geerator of
AC oﬁﬁ@{rfﬁé@nﬁq £adedok ?{Jnﬁ&?ed 1Ak .ﬂri@%ﬁusfegméﬁﬁrgb{%sf for detecting

ol di ng electrically conductiv I n nee

the cudfeift & S @sUNEe cicduei when eaiibctddisthededkpr i sing: a
pl astic bag having a first interior conpartnent
capabl e of receiving the 5 conductive fluid for

processj ng under sterile conditjons; .a rigid container
hdvi ng TResuWBRIus i eflpish ?eo\wg%rﬁmrﬂaﬂ firg clBproqErojects through a
artially .recejyi d _su Lng the bag; and a

herm@f sesf agoid & St Be Bl B IBE Y%, 'eak”of the

conductive fluid fromthe first

5. The apparatus of claim 2, wherein the bag includes a tubular port for receiving
the first electrode.
6. The apparatus of claim 5, wherein the tubular port includes a connector for

allowing the first electrode to contact the conductive fluid under sterile conditions.

7. The apparatus of claim 2, wherein the rigid support container at least partially

comprises a conductive material forming the second electrode.
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interior conpartnent. 10 2. The apparatus of claim1,
wherein the sensor conprises first and second

web®enowoes, said second el ectrode arranged exPEr/OS100T7/a64492
the first interior conpartnent and capable of being
connected to the first electrode contacting the
conductive fluid by the | eakj215 3. The apparatus of
claim2, wherein the sensor further includes a

gener at’[@fg a?%)a%'ﬁgs ?f clmOLHiReSn dRcbas Q@ﬁlgﬁﬁéy a first layer of material

connecte I rst and second electrodes for
arrangéd éntfongiing the fvf inéstior cdnipetnian uhtliangcond iyet ofimaterial adjacent
connected by the leak. 4. The apparatus of claim 2,
the fivit dayesir ofinhegerfial st el ectrode projects through a 20
hermetic seal associated with the sidewall of the bag.
5. The apparatus of claim 2, wherein the bag includes
aqt ubular. port for cei g n e fli I 5
o9 The s AarenS ot G § Shorhilf e Sdvel pRERIEH fotand second
. _ _ . £ )
clec B e e Bk Rl PPy Te T BBl PRS SR matcral
conditions. 7. The apparatus of claim2, wherein the
rigid support container at |east partially conprises
a 18ond dteiapparat ssrfictdinf & miiengjn thesessmdndhed compresge firg@nd second
WD 2007/ 109709 PCT/ US2007/ 064492 12 8., The apparat us i
electrgrles,| anerpfisaidfiet and sepenchelgeiEesqsrqosarrising thestecpag dgyeg f material
Fih terial arranged for formng the first interior
Ol & ¥Hart ment and a second | ayer of material adjacent
the first layer of material. 5 9. The apparatus of
claim8, wherein the sensor conprises first and second
eligct r pdegppAhitul eslehiied faitisatinla@ dedst mﬁpmﬁgyh@laiﬂgeam electrically
the first and second | ayers of material. 10. The
conchapipvarfatidsn ated biprocsssingendsristarie cenditions and dé¢tecting a leak thereof,
conprises first and second el ectrodes, one of said
COmpfEISHE and second el ectrodes conprising the second

| f terial 10 of the.bag..11.. . t
i endBcPIPOHC Eaessaing: Bre J0vinte dn B PG Gor g et capable of
recei\ﬁ.{r}g Ghe & dcﬂve%ﬁﬁg iﬂ%ﬁéﬁ’ﬁerﬁje O%g{tfbr{geed of processing

er sterile con Ions an ecting a | eak thereof,
an at least partially conductive support structure having a second interior

compartment for at least partially receiving the plastic processing bag; and
an electrode connected to the conductive fluid in the first interior compartment
and arranged to form an electrical circuit with the conductive support structure in the

presence of the leak.

12.  The apparatus of claim 11, further including a generator of AC or DC voltage
and a detector connected to the electrode and the conductive support structure for detecting

a current in the electrical circuit.

13.  An apparatus intended for use in at least temporarily holding an electrically
conductive fluid in need of processing and detecting a leak thereof, comprising:
a processing bag comprising a first layer of flexible material creating an

interior compartment capable of receiving the conductive fluid under sterile conditions and
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conprising: 15 a plastic processing bag having a first

interior conpartnent capable of receiving the
w@odnet7dwve fluid under sterile conditions; anP@/UBMaT064492

partially conductive support structure having a second

interior conpartnent for at |east partially receiving

the plastic processing bag; apnd an el ectrode connected

to the conductive fluid in the first interior

a sec§RIRRF P AkxitA0 it AAesdit dulpppan el ectri cal

Clrcul e conductive support-structure in the
pr esen@gsind #oh@alectrbdes FivghgarXtarhiiStoQhe ftatior dompartment and
further including a generator of AC or DC voltage and

capalde débeingeonnesiedby Het leak, ahleastisett fimtie ectnolla dxdending at least partially
conductive support structure for detecting 25 a

betwegiy iherdirst and srsoad dexars ebflesiblewiterial 3. An appar at us
intended for use in at |east tenporarily holding an
electrically conductive fluid in need of processing

angd detgeti : | | 6406 [

ad: compbrEPRts Fitfal P erg FYUPPLOMsREfrg ol SEFRR Mibtrodes ae
betw&dedkifligt AU sedonl MR Of fleRbRafafRnl. capabl e of

recei ving the conductive fluid under sterile

condi ti ons and WD 2007/ 109709 PCT/ US2007/064492 13 a
second | ayer of flexible material adjacent the first .
| dyer ; Therapparates ekcelaing 13) whenesyeaid seqoaddaverofiflexihlp material and
to the interior conpartnment and capable of being
the Se&SHﬁ@E‘TCéWdBF?H@%?‘&gk, at least said first el ectrode
extending at |east partially between the first and
second |l ayers of flexible material. 5 14. The
apgar atihe Apafdtdd BT RimWERidteiAalt Sicondiddeditddeicoaistises a rigid
second el ectrodes are between the first and second
contairey dosreakiviihg and keppatiapitid bagdl5. The appar at us of
claim13, wherein said second | ayer of flexible
material and 10 the second el ectrode are unitary. 16.

R T e
1, SR e b

fluid dnder rising:
a sterile environment;

placing the bag in a support structure having a second interior compartment;
providing an electrically conductive fluid in the interior compartment; and
providing a sensor for detecting the presence of a leak of the conductive fluid

from the first interior compartment.

18.  Themethod of claim 17, wherein the providing step further includes providing
first and second electrodes capable of being connected by the leak, creating an electrical
potential difference across the electrodes, and detecting the current flowing through the

circuit formed by the presence of the leak.

19.  The method of claim 18, wherein the support structure is at least partially
conductive, and the step of providing first and second electrodes comprises providing the

first electrode in contact the conductive fluid in the first interior compartment and using the



providing a plastic processing bag having a first
interior conpartnent creating a sterile environnent;
w@bk@eitengode he bag in a support structure havi ngPEI/E82D0TION4492
interior conpartnent; providing an electrically
conductive fluid in the interior conpartment; and 20
providing a sensor for detectiing the presence of a
| eak of the conductive fluid fromthe first interior
d of claim 17, wherein the
Supp%?%ﬁ?@%ﬁggi E%§¥8r@ﬁggﬁ?ﬁgludes providing first and
second el ectrodes capabl e of belng connected by the
| eak, creating an electrical otential difference
a@0oss Tieamethedtof. chem, 18amdledmﬂéb¢ agcarhprisasrinshand second layers of
flowi ng through the circujt forned, by presence
materiple andathe MIPVIAG Sien KOEPSECY PAFIRONIE m? trandc é@cond electrodes

et RERTI CUEHRH B IR el Pty ST g scond

§§ﬂ providing the 30 first electrode in contact
iwﬁﬂ§ﬁgﬁ%% uctive fluid in the first interior conpartnent

and using the WO 2007/109709 PCT/ US2007/ 064492 14
support structure as the second el ectrode. 20. The

met hod of claim 18, wherein the bag conprises first
and second |l ayers of material, and the providing step
conprises positioning the first and second el ectrodes
5 external to the first interior conpartnent and at

| east partially between the first and second |I|ayers
of material.



