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Summarv

Microol l rn isrns l ivc in  nc i r r ly  Nl l  nd lorn l  eD! i rcnrr rcnls  rcrc wr lcr  rnd nuhicr ' rs  uÍe a!  rhbl . .

Íh.I rcnd r(r auach snnrgl! r(,.ll \urfuccs. lil. trrtr-qrni. rnd orgrrric li\rnS or dei(l

nrir.rirls Oncc microorgrnisrrs lre allrchcd ro r srrfrce. a nnrhi slc|r troe.ss sl.fts re$llins

in the ii,lnlation of com|l.x. N(lhcrnrs micrcbirl cornnrunity called r -bkilllm lf a biotihD,

ditfcreit sp.cics and snrins ol nrictuoÍgrnirDr .ftici.nll) .oopcrrlc i ordcr to tÍ(Íecl

rhcmscl\cs ng!iní cn$uiln.rrrl slrcss.s |rd lo facililrt. nrore cÍïcier)l nurricnl utlakc

ulof i lnrs crn bc bcrcf ic i r l .  l ike in  the t roducl lon o l  chclse or  bcer  dd pur i l ;cr r io f  ofscw|gc

irnd wrsrewrtcrt mreolcr. ftey fh) .n inrtoarnt role irr se\cÍal bnnogicitl prcccls.s lof th.

nra i  cnrncÈ ofhc i l rh.  Lk^\e\cr .  mrsr  of icn br Í ; lDrs producc se\crc dc l r imet)h l  eÍ l tc ls  1r)

i r rduíry  and causc scr iurs her l th  r Íoblens in  l lumans rnd rnrmr ls  As Lr iof ihns consist  o l

rricroccosystlfF ol difiircnl s|ccies thcy Nc ha to combrl. and lhe increasng nun$.r ol

.nlibiotic re(iíltnr hrct.rill slrrini itxlic.lcs lhrl r gr.rl dcxl of r.scrrcl cffoÍr rho!'ld lircus

or rhe dc\clotnrelr d nc$'rrdrr-anribjotic-baicd rechnologics to conrbal hcallh thÍcltcnurA

bioÍll'ns.

ChàDteÍ  |  t res.n ls  ar  o leniet r  o i  rhc in tcr .c l ion o l  sus|cndins paí ic lcs $ i lh  a i í

bubblcs. \\hich fornrs thc basÉ oi a icpamlion trdcesi c\tdrsi\.l) us.d trr induslt. kro$n s

llora )rr. Thc lrnr.rtlc oj this lcchniquc rs lhe crcaliorr ol ar uD$! ilo$ ol Nir bubtrlcs thrl

collidc with sustc|ded prniclcs Íànning trrbblc-t].íiclÈs rggÍegal.s. P.rnrcles udlrerirg to rir

bubbl.s ha\c a loNcÍ delsny $rn drc liqnnl pha{ a'rd ris. to th. Uquid suÍrce lomins frorlr

lrrnall). rh. lioth on rhc suriircc crn trÈ mechuicrll! scplraied liorr rh. liquid. $hilc

l lo tat ion pn)cesscs havc bccr  uscd in i lduír )  for  rbout  hurdrcd yc! Ís . rnd ha!c b. . r

cxrcnsi!.1) studicd. linle i tcÍesr hi|s bccr prid ro rle rbill\' ol air bubblcs ro rcmorc

rdh.ring príiclcs or micrcorgioisrr\ fron surfnces- dllhough rhi\ lcchnolog! !c.DL lo hr\c

t rotn isnrg | t l ica l ions r r  se\cnl  ! Í l !sn i ! l  rs  wcl l  ds b iomc( l icd l  l ]c lds.  
' lheret i ) rc .  thc . r im o l '

r l is  lhcs is  is  to  srud)  thc mechrnisnrs ln !o l led in  a i r  b | |bblc  induccd dcl rchnrcnt  o l  co l lo id{ l

fanicles.nd micRJorgrnisms itnr \urfacc\. rnd the \. ubl.-s Írflucncing rhis proccss.



The ll"lrchm.ni oí icÍol]-sired folyíyreDe prfticlcs rdheÍiDg to itulr1z su jrccs by

passi rs  r i Í  b l r l )b lcs rn r  para l lc l  fh lc  lkN chNmbcf  h ls  bccn st lk l icd in  Chapler  2 ^  l l |cr f

decrcasc of  pxr t ic lc  dctachment  wl th l r  incr . ls i |g  a l r  bubblc !c l .cr t f  \as found.  Whi lÈ uf  lo

95% of rdhcrirs frnicl.s \ere derrchcd bt rn .ir bubble nÍ^ inS .ll ;l \ elocil) ofabour : nnn

s r .  nc-e l i -e i t r l .  dcrrchnr .nt  $as rchic \ .d r  \e loc i t ies gÍcr tcr  lhrn 1 1 mnr sr .  Iunhcnnorc.  !

lnrear decÍcrsc 'tr panicle dcrrchnrcnr \as obscncd Nirh . Jccr.rsc in liquid-an nÍcrlitcirl

lension.  wi lh  d l lercnl  s lopcs tàr  { l i I | t fcn l  r i r  bnbble !c loc i l ics.  l ] inr l l ] ,  pnaic lc  dc l lchr) rcnt

could be i rcrcrscd bythe passrsc o l  nrLLLr in l .  a i Íbubblcs.

AÍicr h.r\ing concludcd thrt nro\irg rir bubblcs crn h..nrplov.d to detrch nicuL

sized príiclcs llonr collcctor suni.cs. rd tlur the detachrnul troccss can bc oplinri/cd b!

adtusting tlc rir bubblc !elocrries surirc!' rcnsions. and lhc nunrbcÍ oÍ bubblcs appli . olheÍ

vanables lhul (nrld inllueDce thc dchclnl)eDl proccss \!crc iD!esrigNtcd. ln CIápler -1. lhc

denchmcnt of |J()lysr),rcnc frrticlcs rdhcring to collector srLrlirccs with diUèrenr clcclrlrst,rlic

churgc rnd hydrophobic i tv  by n(rchmcnt  ro e pass re r i r  buhble t las íudicd I 'n Í ic le

d.trchnrenr d.crcx..d li|earl! \1rh lncrusing xtr bubbl. \rloeit) rnd dccrcasing liqutrl-\Npor

inteÍncial rusnn- regrdleis of rhc collccror suírc. tk)tcrlics. Ho\e\.r. príicl.

detrchnrcnt  l ion h ldrophi l ic .  tos i l i \u .1y chrrgcd sur Íàces \ !s  nros l  ser)s i t i \e  to \ ! r i r l i (nrs i r )

air bubblc !clocir! and liqnid'!apor lrlld-lcial rer)sion. $hilc (lcrlchrnenr liom hydrcdnbic,

ncgatrvely chugcd snlàces rrs rllictc(l leasl. It $,Ns m88cícd rhNt rhc inilnefcc ol rir

bubble vclocril' nÍedominrntll occurs rhrough rhc brbble prnicl! contrct rinre. $hich r..ds

lo bc bns cDough lo allo$ nÍÏcicnl rhinniDg ofrhe lquld lllrrr bct\reen rhe bubblc rnd the

panicle lbr rhr d .rchnrent forccs h ltcorne elÊcri\.. (h thc htdrothobic colleclor \url:rc.s.

this lhinnlng nrr! he asrisled bv . r)exÍlr" spontancous dcnlflliDg of the collecl(n sLrrlirc!.

therc$ith dcocrsins lhc influerce ol orhcr i-rclor, such rs rir bUbblc velocny oÍ lqLrid-r jror

; Icr fac i r l  rcnsiur .  t l fon nul r ip le f rss lgcs ofa i r  bubblcs,  .ppíx in)r rc ly  S0o;  of th.  r rn ic lcs

could e!en(urlly bc detnchÈd. rcgudlcss ol the propcrïics oiÍr..oll.ctor {lrfaces. illLNrf.rling

thil lhc trohxhiliti.s oldcrachmeDt b! Drulti . a; bl]bble nxssrgc! are additi\c.

Subscqucnll!. thc inÍlLrencc ol drc paíicle prclrcÍics ill derrclnncnt itutuccd b!

fassrng a i Í  bubblcs ras deteDDircd.  F i rsr ly ,  Dcgat i lc ly .n( l  |Dsi rnc ly  charged polys lyrcnc

paíiclcs. $.ith lhc srmc sizc. rdheri g 1o thc sa'ne collcctd surl:jrces utrlized ir ( hrptcf l,

wcrc us.d lo Íudy thc .tfect of eleclÍ)st tic inteÍaclions in rhc d.tachmenl proccss (Chap(eÍ

.l). Whrle clcctíosituic rnleracrions hct\\cÈo prrticlcs and collcck {triàces qere Íbrnd b bc

imlroÍNnr' electÍostntlc nrt(

lourrd l i t l lc  or  no Nle\ rnr '

1".!!n lix posilnclv 'hrÍg
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309i ofrhe pxnictcs

lirivc.

ized in ahapter j.

n  ponanr. . l .c t ros l r r ic  rnrct rerr [s  bLl \ .cn a i lher ing t ! r i .1 . !  ]nd f1\ \ r f ! , 'Lr  bubhl .s  scr .

tbund l i r l le  oÍ  no È1. \  rnr  Inr . r . . l i rs l ) . , l . t r .hmcnr. l lc iencie!utor j ' , rouL( l  t r .  rchtr \ . ( l

e !en fof  !os i t i !c l )  ch l | rg. ( l  f r  rc les e lher i .g  to !  n .gr t i \ .1)  ehrr !È(L cr) l lccn,r  ruÍ1uce.

provided thc \c loc i l t  o l  rhc x r  b lLbbLe t r rs  L i i \ i  ( l  l l  nrm J )  rnd lh .  : r Ícr  l ie i r l  rcr rs(D r l  lhc

l r y u i d - a i r  r Í e r h c c  \ r r \  h i g h  ( 1 0 . 1  n r . r  n r : ) .  l h c d e r r c h n r e r r p r o c . s s $ N : n b r . \ e i N l \ . n r ! r

bubble \e loc i ty  undcr  coDdi l  ons o l  c lect ros l . l ic  r l1 Íac l ron b. tw. .n t rn i ! le  r i r t l  .oL l . . td

{d_rc.s thrn under condi lnr i !  o l  . l ( r (^1rr ic  r ' . tu ls ion.  t ru l  rpp.utcd cf l r r lL \  sens,( i \c  1()  (h!

lqurd-af  mlcdlc i r l  ren\ i (nr .  Sccon( lh.  rn (haptcr  5 f ! r1 ic l .  s i rc  $rs l i ,un( l  10 b. .n

iDpoíanr  làctor  in  r i r  t r ! t rh lc  n( luccLl  dc l .chncnl  ot  co l lo idr l  t r r r ie l .J  l lo f r  . . l l . . lo l

sur f rc .s .  r i  in  genc| ï l  fo l \ \1 ! rcnf  f  1 i . l .s  \ i rh  x  drrmerer  ot  t l )6  nt r  drr l (hfd lLr : \  r lxr

| i r t ic lcs unh r  dru rcr . '  o l  l - {00 DDr P l ic l .  d . lNchmcDl nrcre l lcd l in .u! l \  $r rh ( lcer l r lns

aiÍ bubble \.locir! rnd incrc$rnS lqu -rtr inretlicl.l t.njxtr. r.grkll.s: ol rh. trrliclc

d i rmcter .  PolFr) r . rc  p. !1 i ! lcr  $ i rh r  ( l i rnr . t . r  o f106 t rm \e.e les i  i .Dírs .  r ( i  rhc r r r  bubbl .

ve loc i t l  t lun pr . r ic les $Lrh r  d i r r r . le f  o l  l l00 nn Ho$c\ . r .  lhe lurg. r  fur l icL, r :  \ . re  l . \s

senÍ I ive ro ! . r i r l icnN i r r  lqu i ( l - r r r  In lcr l i rc i r l  rension thrn rhc inr l lcr  o i rcJ.  l lcncc.  L l  is

pÍoposed rhr t  for  lNrgcr  to lc lcs.  lhc l lqu id l i l ln  l r t  bet$een lhc r i r  bubblc r r t r l  lhc | ln ic le

tak.s more tirne ro thin rlowr rnd lirfr thc lhrcc phase corrl.rcl. nccrsslrry L(, rxlLcc rr

Al teÍ th l t  lh .  nr . .h i r isns oJr i r  bubblc uxhrced delachnr.n l  o f t r Í i . l .s  l lo f r  Íu .cs

\!.rc uDderíood to r sLriiicicrr dcgrc.. rcscxrcfi tàcus.d on lhe porer)lLrl oi lhit lfchrrr(tlL! ]nÍ

dètaching microorlrrriirrN lioru {!1xce\ h (lhaptcr 6. rn $er\r.\ .J rh! irrlcÍrcri,n\

beh\een nr lcroor l rn i iDs rD( l  subsl r r tunr  sur i rccs i !  g i \en A d in in. l idr  L '  f r r ( l .  b Í \ . .n

ndhesion. n robilizxrn :trxl r.rcnrion of nricroorsrnisnts o. nrbrrrxrc\. r\ rr r b.lrc\.d drrr

thos. rhr.. rlpcs ol irrlcrrctrorr ti'Íecs rrl.dlrre biotlltrr tbmulion..\ nricro(i|:rrrsnr rdher!s 'o

a substÍatrD {triirc. \h.n it nr.intrins rlr..anle sepamrion dirrlnc. lioDr rh. {rb\n.tuDr

sur f t rce rn the t rnrc.  thr) lgh r  bxhnc.  bcrwccn L i lshr lz- \ 'n .  de '  \ \ tu |s .  . l . . r ro\ r r r r . .  I .$  s

acidbas. .nd BÍrNl i r r r  nr( lur  l i ) rces.  honrogeneo$l l  rcr ing o\Èr  lh .  cr r l r rc  subsl rx l rn l

suÍlace. (lonscquenrl!, r(lhcÍirr8 nricrcoÍgrnis rs afe sIill lic. 10 N)\. firrl cl k) lhc

sutrstntum. as opfoscd 1{) innnohiliturion. lmnrobilized fricnrfgrt^$s ldherc ro thc

subÍrahu! bul lre kepl rr lhc $nrc fosir r dne to l.tcul inlcrrcricnr lirrccs. t1o )r)rcl br glng

or  chenr icd l  bonds Fi | r lh .  rc lenl i (n o l  edher l rg microorgrr isr )s  ( lcr )o lcs thr l

10,)



rJng ro qurrz slriirrcs by
d in  Chaprcr  2 , \  t i rer
r \'rs lou.d. \ hrl. rp ro
r  \e locr t t  o f ïbour  _t  J l 'n
I  | l )D s Funhcnnorc.  r
c  nr  l iqu jd-au n cf t ic ja l
xrJ.. tanjcle dctrchnl.Dr

oyed to deitul nicllnÈ
:ss can be oprjrrizc(J by
I bubbtes aptlied. olhcl
cd. In Chaptêr .1. rhe
r diftèreDt etecrfonltic

$|s  íudied.  prn ic tc

lccreasnrs t iqu id{r j rof
i .  I Io \  e\ . r  prn ic tc

rs i r i re  !o \ f f iar i0 \  in
nr llom hlLt.ophobjc.

lhe in Í lucnce ot . ! i l

í lj,ne. \rhjch r.cd(

imtor tNnt .  c le. l rost . t ic  iDl . r rc l i rDs bct$c.n a( l l r . r  n !  t r Í ic les an( l  t , rss i fg  r i r  bubbl .s  $. r .

lbund j i f t lc  or  r )o re le\3Dt ln l . r r \ r ln{h.deIr .hm.r Í ! l l l . r .nc i . \u t1o?: ' "couldb.r .h i . \c( l

. \en ior  to \ i l i \ rh  c l t r rs .d t r r l rc lLs rdher i r :  l ( ' .  nLSr l i \ .1)  e l ' r ,S.d ro l lÈcror  n, r ix( . .

pror idcd rhc rc l l , . i t l  o f the l l  bubtr lc  \ rs  l$ \  { l . . r r  ND i  ' )  rn( l  ' l tc  , r tcr Í rLcLr l  lcn\ rorr  r l  lhc

l iqu id. i r  i r Ícr l ) r . .  srs  h igh 17í)  |  nr . l  n i r )  lhc dc l r .hnrcnt  proccss srs fu.  scn\ i t i \e  1o x i l

bnbbl .  \c l i )c i ty  ud.r  condi t iors o l  . l .cnosl r t i r  rL l INt ion bch\ .cr i  f r Í  c l .  rnd cf l le . ro i

su. fucer  rhrr )  undcr  condi l i .n \  o l  c lccrroíar i .  r . f ! l \ rorr .  bur  , tPÈ.r t r \1  e(1u. l l \  \er i i r r \ .  ro  1|1e

l iquid r i r  In t . Í i rc l . l  tcDJid i .  \ .eondL] .  in  Ch! t ) t ( r  5  f r . ( ic l .  : r1 .  \ . r \  taund ( | '  h .  rn

inr todrnr  l iL .1{r '  iD . i r  t r ! t r t r lc  n{ luc.d le( .chrncnt  of  co l lo idr l  t r Í . lL 's  l ioDr io l l . . t ( ,1

sur t ices.  r \  r1r  ger ieÍa l  poLJ"s l t r . r re nf t r ic l .s  \ !nh iL  d r0etef  ot  El ) ( )  r r i r  l€ Iachcd l .ss th i

paí ic le i  $ i rh I  d i r rneter  of  1.100 rnn.  Pal t i . l .  dLr l r (hrncr) r  ncrrs. r l  l r r ) ! . r l \  \ i r l i  d . . r$rnS

. i r  bubbl .  \c loc in .nd ucrc$rns hquid r  inrcr l i . i . l  rcns ion.  rcsf l { l l .s i  o f  r l re  lu f l i . l .

d ixmetcr  I ) , ) l ) Íyrene par11cL. :  sr rh n d iam.t . r  o l  3 l ) í )  dD $er .  lcs \ .n \ i r i \e  Io dr .  rLf  bul ,b l .

rc locr ly  th l r  t rnrc les \ r lh  |  ( l i rnc lcr  of  1.100 r rnr  l l$ !e\er .  Ihc hrgcÍ  p. Í ic les $. | !  ess

scDsi t i \ .  ro  \ . r i r l ioN nr  l lq ! ( l - r l r  i r lcr l ic i r l  lc fs i {D lhrn lhe srr rx l l . r  oncs.  l lc rce.  i r  is

t ropose{ l  lhr r  Ior  1. r -scr  l rJr r ic lc . .  lh .  l iqu id l i l f r  r f  b . r \ccn r f ie  r I  bubb[ ' rn i l  lh .  f r r r i . l .

rirkes rn! rLrnc ro lllr do$n rnd tóín dr. thrc.Íhnse conh.r. d...nn'1 ro rndrLcc !

, \ l r . r  l l r r t  thc nrcchrnisrN o l  ! i r  bubblc in{ lu . .d d. t !chnr .nt  o l  f r  c l .s  l ionr  { r l :L( .s

\ere undctsl{\ ro x sutll.i.nr dcgÍec. Íeierrch tncusc(l oi lhe fo(!irrrl ol rhis lechDqLre li,r

Llehchng Irlc()orgxnisns tiorr surlicer ln ( haplcr ó. an o\||11.$ ol rhe idr.neri,rN

bet1 lccn n i i . roor ! .n i rns rnd substmtun sur l ie .s  r {  g i \ .n  , \  d i Í | r ( t idr  is  n dr  b. r$. . f

adhesion,  innnobi l lzat ion !n. l  rcr . r t ion of  n icungi | | i lsns on rubí f t l rs .  rs  l t  is  b. l i . \ .1  thrr

those rhÍe.  r \ rs  o l  rnreracl ,or '  1 i ) r rcs Dredrare b io l iLnr  l i )nnrr ior) .  \  , r rcroorg.n isnr  r ( l IcNs (o

.  subsrr r runr  { I  f rc .  t rh.n r l  n [ in l r i ] r j  rhe srDrc i t l r r ion dr" r rnc.  r ioDr r f i .  nr t . r . r rum

sluf .cc i r  (h.  l rm. .  throrgh r  b. l inc.  b.h\cen l  i l \h i r /  \ 'xn d. r  \ \ . l iL l \ .  . | .c ÍoÍx l i . .  1 . .$rs

rc brsc l l l i l  L |o$niar  r  | ( ! r  lo lces.  homrg.neorn)  , rc lLng o!cr  rhc err t lÈ subsr l r r ! rn

sudrc. tinNcqucntlt. rdlrdirs rnrcroorgrnisms xr. Íill liee lo nn^c parallel lo (h.

subsrmrlln. rs optos.d Io lnrrd!lizalio 1nïunrilized nri.RltgrniÍri adhcr. r(t lhr'

substrururrr but rrc kepr xr rh. srnr. fosilion.lu. (r htcÍrl i erxcrion ti)Íc!s. pohnNr bn(lginir

or  chemicr l  bonds f inr l l f .  rc l .nr ion o l  rdhcr ing mrcroo| ! rn isnb de.ot .s  lhx l
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microorgrnisms rcnrarr .dh.fing on a substratu suÍtàces alier application of o extcmal

In Chàpícr 7. thc dct.chmcnt of bacteir (Sr.qrror.,r roDt r IlGl025.

Sn.pt\\\.us anlis J22, Á.titnkt),..s na^l nlii T11V'JI, Ba./(r'rxl.s l?.qilir 793E, rnd

I'reudatu ns aefttai11owl97,+K) fron h,ldrophilic glass and hydrophobic DDS coatcd sldss

suÍnccs in the absence and preserce ol a condilionnrg filN wds .nalyzcd. As for polystyrene

particles (chnptcN 2 Nnd l), thc dctachm.nt pcrcentage increased when the lelociq_ ol the

passmg air bubblc dccr.ased regadless of the bacleÍial strair rind substratun surfrcc

hydrothobici$ involved Howeler die varialion iD perccrlagc dctdchmcnt by a passiDg air

bubble depended greall) upoD lhc ífuin and subÍratunr sudàce involved Fof insiance. P

dsDlgr?or, 97,1K did nol dctachcLl f|om DDS cort.d glass when the air bubble moled at high

vclocity íi... 11.6 mm sr). while tirr otleÍs ímins derxchmenl pcrccntrgcs bctwccn 80 dnd

tl0% weÍe obseÍled. A1 lo$ ai bubble yclocitics thc hydrophobicity ofthe strbsÍatum had ro

ifUuerce on the delachmcnl. bul rt high.ir bubblc vclocities rll bacterial stGins were more

ellicicnlly dctrchcd fronr hydrophilic glass Funhermore, the pÍesence ofa cordilioning filn

could cithcf inhibrl or stirntrlalÈ detachnrenl. Frnally. lhe slupe of thc brct.riirl cell playcd r

naror role in delrchmcnl al high air bubblc iclociiics, and sfheical stfains (i e. sÍeptococci)

derached lnoÍe eflicienllr. 1han rod shapcd org.nisms

ln i hxftcr l. the anclrorng of adhering nicroorgaDisms to thc subÍrdtun surfac.

drcugh dre pruduclron ol extraccllLrlar rolymcric substanccs (l-Ps) it is emfhasized as one ol

rhe inpoí,rnl íagcs ofbiofihn fonn.tion on sl|faces. horv EPS provides nechanical stabiliav

to th. biofilm. and hos ii pr ects rhe microoÍganisms jn thc biofiln .gdirrst antimicrobials

od the host inmune system. h Chapier & lhc rolc of LPS in thc initill adhcsion .nd ail

bubble-nÍluccd dchchmcnt of P. derugnktd to strbstrairn srLrtàces \rith dilïerent

hydrophobicity rlas in\'.stigaied For this purpose. t\\,o sÍains 01 l. ddri€t?rra uc uscd: oDe

I-PS produci rg s t ra i i  (SGEl)  and a non-EPS producnrg (SGslRl)  s tmin.  lh .  r . lcasc ofLPS

by SGtl $,,rs concurrcDl with a dccr.asc in Ntàce tensio. of a bacterial suspension lmm 70

10 45 mJ mr. Both strdirrs rdh.rcd f.st.r and in higher rumben to the hydrophilic than to the

hydrofhobic substmxrnr. bul the rníial deposirion ftt.s dDd numbcrs ofadhcrine brctcria ii !

slationary-end poiit \eRi highcst for thc non LPS producing snain SG8IR I. regardless ofthe

sLrbsrÍarum hydrophobicily. Both thc hPS ffoducing as well as the ron,EPs-producing slrain

adhcr.d less io srlstrala pre-coated srlh isohtcd EPS of strdnr SCsl. ln contrast to an

anchoring cflèct of EPS a

passing ajÍ bubblc in sll
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In a second expel

bactcria deiached bY Pas

adhesiol of n.\ï1Y dep

Pseudomonas had been d

S(lslR I and decrcased l

deposition \\erc ÍePcaled

likely irdicdles thrt P ,

covered with EPS riter '

S( l81Rl  only  ÍeLcrses

subÍratum arrcr relcale

glàss by EPS aftcr varior

tbrcc microscopY showil

dei.chincnt cYcle of EF

SG8l  Rl  only  le f t  I

spcctroscopl indicaled

consisted oi uonrc actr

dcposition cycl.s rina

discouuges its adhesion

A Potentral bton

fÍom surfaces is conte

nrbsequent biofilm lor

encourtered m many

ov€n,iew ofthc causes

biofilms found on th

mdnàgement oÍ pcíro

debridement .nd rccof

postopeÍaii!c pcí1onc

2 1 0



apptrcation of aI extemal

).cas robilut, HGt025,
'rcíd.s j;asiti\ 7s3E, and
'phobic DDs_coarcd gtass
lyzed. As for polysryrene

when rhe vetocily of rhc
and subsharum sLrrface
chnent by a fassing air

"ojved. For insraDce. p
'rr bubble movcd ar triSh
:nhges berwecn 80 and
I the subsnatun tnd no
:erial Ír.tins $/ere more
or a conditjoning fijm
bacreriat cel played a

rams (r.e. shprococci)

1c substratrm surface
ernphasjzed as one of
s rncchanical srabitiry

€ainsl arÍim'crobials

t'al adhcsion aDd ajr

Thc retelsc oí EpS

anchof ing. f f .c t  o f lPS.  ns e\pected.nd dcspi le  i ls  EPS f roduct ion.  SCt l  sas delach.d b l  a

t rssnrg r i r  bubble in  s l ighdy h igheÍ  p€rcentagcs than l l re  non-EPS l fo . luc ing SC8lRl

Detachmcnt pcrccnlages were, howcvcr. lo$ liÍ both stnins. tossibl) deÍ'o.sltafing lhal Nlso

the non{el..sing ínin Íeleases minor, bul al lhe lelet of thc iRlividLrul adhenng organisnrs.

s:fllcienl anlount ofUPS to licilitate anchoring.

In a second cxtcr imenl . : r lso descr ibcd in  Chàpl€Í  8 i t  $N inrcs l igNted $te lher

bacteria dctachcd by passing air bubblcs hrd leít 'tirolprints bchiRl $1lh af rnllLtcncc on

adhesion of nesly dcpsilirg bacteria Rc dcposition on glass. iiom which rdhering

Pscudomonas had bccn dctrched by passing air bubbles, $'ns highesi lor non EPS lroduclng

S(l8lRl rnd deffeased lincarly $ith the nurnber of tirDcs lhcse cycles of d.trchmcDl rnd

defosition wcre Íepeated to b.comc similar Lo the re deposilion oiSCSl ater six cvclcs. lhis

likely ifd:cates that P. aerrgt,ov, S(i8l lcaves the subsnatun surfacc ncrrl) co'npletely

covcrcd with EPS atief detachmcDt. there*ith discourrgirg.dhesion. while confimiDg thrl

SGillRl orly releases minor NmouDts ol surtàce actitc LPS, conldelely cov.dng thc

subslratum !fier rcpc|red cycles of dctrchmcnl and adhesion fhc progrcssile colerage ol

glxss by EPS after various cycles ofdetrcfimcnt and deposition could b. !isrrlized by atomi.

forc. microscopy. sllo\ling. thick.nd nÍegular FPS lay.r (up to 32 Ín) alrexdy aftcr thc firsr

detach'neni cyclc o1 EPs-producins slr.fi SG8l The ptrt.ti!.ly noD EPs_producing strarn

SC81 Rl only left a 9 nm lhick iflegular laycr alle. one cyclc X rry pholoeLecÍon

spectroscoly indrcated that bdctcrial lbotpÍints le1i on elNS ailer bacrerial dctachmcnt.

corsistcd of uroDic acids. whosc prcvllence lnffeased lvith thc nunlbeÍ of detachmcnt .nd

dcposillon cycles. l'nully. rl is concluded th.l the EPS Íeleased b-v P. d?ri€tk)rd Sai3l

discourages its adhes'on to mcrt substÍaia.

A potcniiNl biomedical .pplication of air brbble induc.d rcmoul ol nlicrooqrn'snrs

fronr suÍfàces is contcmplated in the last scction ol lhis thesis Brctcridl rdhcsioÍ a.d

Nbscquenl biolilm fornuiion on hunan soft tissucs with selere health conscqucnces 's

encountered in m.n) inta-abdonrinal discases, includirS pcrironiiis Chapter 9 Sives an

ovewiew ofthe c.uscs ofpeÍinllitis. ils diffcrcnl origirrs, the diveNit] .nd complexity olthe

biofilms fourd on the pcriloncum. i1s hellth consc!uences. and the currcnl trqtmeÍl

manaSemcni of perilonitis. Antinricrobial therapv. elimination of thc inÍèction sourc. by

debridemenl .nd reconslruction of thc gNíroiDlesliial nact during hprrarcny. Íbllo$ed by

postoperxlive peritorcrl lavlge are lhe nomral strges o1- peillonhis trcatmcnl ldexll!,
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fcrironitis should bc curcd wilh . sirglc opc lion. bul unlorruÍalelv inlèctior otten recurs

and .eopernlio.s ifcluding rcFatÈd lavage of ih. pcritoncNl cavily hr\c ro bc perlomred,

ircrcrsiDg nroídlil] risks The hlgh nrortalÍy and nrorbidrN of paticnts Nffcdng pcritoDiLis

(i.c. up lo 60-0,;). cveD ail.f lhe de\elopnreÍl ol Íe\! less invasive surgical tcchniqu.s (i...

lapafoscopy). foint to thc nccd for .lcveloprrg ncw mclhods trelrmenl.

One few techniqne tof inrffo\,iig dr. Irc.tm.nl of pcritonitis could be the use oï air

brbblc conlrinmg la\agc liquids, in ordef to enhaice the etfciency of ihc clcrnsing

procedufe ol the fefiton..l cx!ity. Wirh dris bi{nncdical rpplicllion m nlnÍI. an r.\'enlory ol

the lrldrofhobiciries ofthc diftircnr pcfitonc.l tissrcs in thc li\Írg nl was nrade ni Chalt$

l0 Pcritoneal lrssues $ere di\ided in nesertery. fafietal end visccrrl Nritorcum. dDd thcir

hydrophobicity $.rs dctcnDired by the sessile drup meihod. All periton.al tis$'cs $crc

hydrcplilic with $arer contact angl.s v.rying fronr 0 to 61 d.grecs Mesenler),and lisceral

pciloneum recoveri g the rnlestrnes $er! significertlv rnofc hydrophilic thNn prriehl lnd

othcr \iscctul peritoncal lislres. lf gene.al. !isceral tefitoneunr was thc moÍ hldrophobic

rissucs xnd visccrrl f.rironcum covcrirg lhc knlnc)s (ól degÍees) a.d the stomlch (54

degÍeesl was inore hydrofhobic than co!.ring othcr orgrns. i.c. splccn (4tl degÍees), lrver 145

dcgr.cs) .nd bhddcr (41 dcgrccs). The hydrophilicÍ,! ofthe pefitoneal tissrcs is probrbly duc

to surf!.c acti\c fhostholitnls rdsortred on the seÍous ÍrernbÍane that gne exccllcnt lubncrnt

p|operlies. redncirg \rerf .nd .xfoliation ol cpithclial cclls. lD snnmlry. pen(rleal llssnes

nnohcd m rdso+llive and È\chafge lirfciions nnd fequiring lLrbfication Nrc nrorc htdrophilic

l , r  .  .  . \ . l  r . i  .  , t v r r ' I  ' r r l f  i .  , i . .  i r  r i u r '

I f  ChapteÍ  |  l .  d ic  geneml d isct rss lon o l lh is  thcs is ,  cr i t ica l  to in ls  in  {hc appl ica l io í  of

!ir bubblc inluccd detaclrnrenl if medicrne oÍ induÍry are discrss.d. .s rclalcd to lhe

obs.nrtions nud. irr N modcl syslcm. ic. lhc parillel plÍe llo$ chambef lt 1s point.d oul

thar etflciency ofbiotilfr detachm.nt will gr.atly d.pcnd on dre íNgc oíbtulil lbnnalion In

thc paÍ icu laf  case o l  penlor Í rs .  iL  is  $ested thet  a i f  bubbl .  cont .nr ing l . ! rge l iqu s could

inufo\'. thc.ïïci.ncl of li.ritorcrl h\rgc. pro\idcd xif butJbles geneÍnled Ln th. f.ntoncrl

lavrg. liquids !r. slrblc (i. do nol corlcscc) rDd cdD bc dirccled to$ards dre intèctcd trssuc
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