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PAFn.1 'ME&ELISSALLxlP~ 

1. GENERAL- 

'IhebreadboardingwofMelissaismtoooau:mthe 
'~preliminarytheoretical studiesofits individual -have 
beencarriedout.Ihepresmt@aseof~stMyisperfonmdinview 
ofidentifying~basictechnicdldiffiailtiestobe~dby 
thephysical amnectionofthecmqmhmk adu3iste&nicalnote 
is~toprcnrideapreliminaryphysical~~~of~loap. 

Theconceptofthebmadboardtakesadwkage of sevSal 
characteristics of the involved biological actors : 

*Theirrespectivemtabolismsaresi@e~wi~thoseof 
superior plants. As a mmqwnce, pertinentma~ticalmodelscan 
behi.lt-upadsimlationscanbeperfonwdmre easily, allcwing 
~~cteristicsofthesubjecttobeinvestigatedfaster 
thanthmughreal experimmtation. 

*!Rzi_riMi.vidualcultivatim in aqueousmsdi~canbe cxmceivedti 
realisedasaquasicontinuaw pmcessmatcanbemanaged 

.., autanatically. Forthesanuzmason, thecu.&ngof~to 
_.?=a other, in oxder to close (or nearly) a cuqlete ecoqstm loop, 
canbereasomblyenvisi~. 

*Thevelocitiesofthei.rrepmductioncydles favourhsamwhatfast 
. 
lmentalc4xxJ~,likelytospeedupsignificarrtlythepreliminary 

~ofthefeasibilityshdies.In~ti~itcanshortenthe 
studies of the lcmg raqe effects of the expomretospacecCmditi~ 
(su&asmicmgravityandmsmicradiaticms) uponthebiological 
stabilityofthecultivations. 

'Ihe~~~icallyinstalledinthesamelaboratory, 
theyareamectedtoeachutherthmqhautmatictransfer . 
nedmnsm amtrolledbyacentralisedsystem(1),uhi&ensumthe 
c&w' apexatiunofthelocp. 

Beforethe amstru&imofW~, the~flmctiozming0f 



theamsti~~ hasbeene!valuatedinnonnallaboKatory 
colxlitionswi~thehelpof StandardlabaratoryequipaentaIld 
methods. All (ornearly) feasibilityproofshavebeenexperimmtally 
pmvided,basicexperimmtalpmceduwhavebeensetupard 
measurements~aoPlcemirrgtheoonditi~ofcultivationofthe 
speciesand~~~c~~~ics.~camestheproblem 
ofcouplingthecqmmmts toeachm 

ThebmadboiNexerciseisduetocheckthepertinenceofthe~issa 
concept~thepossibilityofmaJciqitoperathyasasystem. 
==w &cumemtaimtoidentifythetzcbnicalpmblem3cxea~ 
bythetentativerealisatimoftheMelissalooplmdernoImal 
terrestrialerlv~~msansinparticxllarthatthebreadboanl 
operaticmis cumeiv&tobecarriedautuxSrmnnalgravity(lg). 
Aboveall,themzmarkappliestothe~~involv~fluid 
maMgaaent~as~fers0fliquids,fil~~~,separatians, 
bubbling, stirring, etc..., whi&areverynu&simplifiedbythis 
CU&itiCXl. 

-lhedieteticequilibriunofthamsmers ispa&.allyBzacbedby 
meansofextemalfoodsuFplyti~animls Inafirstattmptit 
isnot~tobe100%ensured by_AY xzsammsofMeli.ssa. 

-Inasimilarmanmr, Melissaismtexpeckdtoprmidedrinkable 
watertothe amsumrattAeverybeginnirq.(WatermaMgementina 
carq>letelYcl~eoosystan isforeseentobeatleastpartially 
ensumdby~a~&~~&calpmcesses). 

-Conditi~prevailingovertheoperaticm0ftheMelissa~ 
arenxwmal laboratmyoaditionsn. lhpaKticUlarMeliBNillta)cle 
~benefitfrun~naturalquasiregulaticmoftkt6qemturearunA 
_theamventicmalval~of22 C. 

3. PHYSICAL ESmtPrIoN 

Forpractical reascms, inoIdStolimit~ilqmmmeof~ 
irnrestigatiolls~~oaildrevealnotbe~strictlyinline~~the 
principal~ectivesOfMelissa,itwaseatablMfranthe~ 
beginni.ngof~studythatthe "ccmsuw~"wculdmt 
existculpl~yas~.ahedieteticalneedsofthesinplest~ 
areextspanely~catedcqlparedwi~thefood~on 
possibilitiesan WxsyshW asnu&simplifiedasMelissa is. Itwas 
cons- a sufficiently valuable caqmmim toutilize~animal- 
cmsumrprimipallyasa%af3te~~.Asaamseqmmitwill 
notbe~y~ledin~Melissalabora~andits 
i_rkqrati~intothel~willbemanaged~bystep. 

mus,duetotpeul5cularnmdsof~ "amm3mEFwbi&differ 
significantlyfruutMseoftbeoWzrUmparhmts, ~MelissaloCip 
canncrtbeinitidllyclosed.aLepot;sibilityofapartialcl~can 



be--- after verification is made 
effectiwelybesuppliedbytheoxygen,waterand 
byMelissa. 

thattheanimalc!an 
biamsselaborated 

Theanimal dmsenistherat. The latter w===eslaanyaFplalityi-n 
vi~ofau~.Itis~and,asithasal~~beena 
amventimalreliablelaboratory cmperator,itsphysiologyiswell 
kmm.Moreover,itsdieteticreg~shares~oamaon featumswith 
thehUIUanople. 

Atthenvnwrt~ismavailableinformatimCmEemkqtk 
mininumsizeofaclosed~that~deMbletheanimaltolive 
saf+yforlaqperiods,~ aCmmtoftheImnne&edby~ 
eqllpmtforgas,liquidandsolid~neoessary to its life. 

3.1.1 Glmwiq amditi~ (2) 

: 

Artificial light&q : I.2 hdaylight/day, pmferablybyfluorescent 
tubes. 

MOiStlXf2: 50 !L'D 60 % 

lkqleram : 22 c +/- 1 c. 

~*~,Verrtilaticm :Air~aboutlOtimesperhour(whidlis 
equivalentto 1250 litms/har= l/3 litre/s) 

3.1.2. Transfer of wastes to the liquefaction aqxtmmt 

Asit~Statedearliertheanimalswillbefinstlyusedasa'waste 
generators"fortestingtheperforman=e of UE following aQIpartment 
(liqwfacticm). 
IilOKdWtO ensurepemamnt,~r quasiqmmrmt,f~caditiolls 
oftheliqwfacticmcmprhmk, thepIUCXSsCZUWtbestrictly . cmtmuaminquantityastheratisnotaHcmtimmmanimalwnorin 
CmpsitiQl because0fthetiEvariati~0f~animalsmetabo1isnrs 
dep&rqcman.a&erofpmmWem.~, itwiubee 

. . 

x 
axltlmmby~largequarrtitiesofIatwastes.~ 
averagethe~esoffeces~ur~paoc‘hwredover~ 

periodsoftinm(orlargenmberofanmals)andallaW~ 
cperationduri.rqaxprableperiods. 

Inafhtattenptthe~ 
isolatedlaboratory. 

3.1.3. Ezpipmt IIBedled 

?uMmi.r~tium.ingwillbe 



prwidedbygravityfmmanextemalresemoir. 
canbemasuredinvolumeviaadirectreadirqonthe 

Fbodissqpliedmamallytotheratsincali.bmtedcapsulesor 
pellets.IWmmmmtofquarftities cmsumd is then possible. 

Feoesardurimcmllection : Collectim ismadebygravityaxxl, if 
needed,sEparatimb liquidamlsolid~isobtaimdby 
filtration. 

. 
C!mcwmq~~ofratsmspecific~iceis~by 
MelissaasluyasmstMyoftheanimal~iologyismqmstedat 
the~.It~dgodifferentlyshaiLd~rreedof~~ ’ 
knowle@ecmtisubjectberaised. 

4 
3.2. *.” 'l?~ pEotosynulesis aqmkmmt (IV) 

Itiscmstitutedby a bioreactorinwhichisaWivat&Spixulina 
~nomalaxxliti~(amlightorequivalent)surmmhdbythe 
mxssaryequipmt.AsitwasWefixst czmmhmtofMel.issatobe 
opmxkeditisdescribed 
lmdelfortheotheKS,as 

~insa~~&h.ilaWwillserveasa 
farastheirsizirrg isaxxmmd. 

3.2.1. Eq&mmt needed 

Thevalwsof 
the fo1kYwi.g 
indicatims. 

electrical colmlpacms 
hanrencrtbeen-. 

.~'.Biomactor 7 litres . . . . . . . . . . . 

002 analyzer 

Scra&liqregulator . . . . . . . . . 

Scranklirrg motor . . . . . . . . . . . . . . . 

Atmcs#me~ti~ 

Anti-foamregulation 

pH_1 

lkqxmlmaantrol 

Flcxm&er 

Ehctnmi~ 

Biocul~ 

Lightsoume 

gimbelowandin 
meyaregivmas 

=m -WI 

. . 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

16 : 

20 : 

6 : 

1.6 : 

1.5 : 

0.5 : 

0.2 : 

0.5 : 

0.2 : 

10 : 

1.3 : 

5 : 

4 : 

200 

200 

200 

100 

200 

33 

2ooo 



. 

: 66.8 : 2933 

3.3. The liquefactim ccapartmerrt (I) 

7lIhi.s~~vesthewastegeneratedbythe-, 
essemtiallythebiologicalpolymers suchascellulose, pmteins, 
polysaazharides, etz... 
Thesewastesiml~fecesandurhand,ina fWzhrapplication, 
theycmldmqxisesaeoWxpmJuckrelatedtohmanactivities. 

Iti.scmstitu&!dby a bioreacAmrinwhi~Cloetridiumthermoaellum 
andC.~yti~arecultivated.lheypzmAxmfatty 
acids, ;Jmnmi, hydmgem arrd H2S. 

Imf!mtpartme"tnustbeoperatedat6OCandWmsitnustbe 
mmtamedatabck38Cabme~labora~~~by~~y 
of extemal heat. 

3.3.1. Equipnent m!Eded 

Bioreactor 7 litres 

-1irrg device 

A- alnditim 

=ml) -=(w) 

. . 16 : 

: 8 : 200 

: 1.5 : 200 

: 4 : 1000 

: 10 : 100 

39.5 1500 

It needs light as a -ofenerqrto-the-c 
growthofthecells. 

Athizdqsciesofbacterium,'Ihiocap6a roseopersicina,~txm~ 
H2S,isgmwnin~sanebi cmackrsoMatH2andH2Sax-e 
sinultaneuusly~ and P.O.U., NH4, 002 and mineral salts 
pzuduced foruse inthe follawirrg~. 

3.4.1. npripnent rreeded 



. 

Bioreactm 7 litres : 16 : 

Scrauklir~~device : 8 : 200 

Ahoqhereamditi~ : 1.5 : 200 

l?mpera~corrtrol : 0.5 : 100 

Electronics : 10 : 100 

Light - : 4 : 2ooo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 2600 

3.5. The nitrificaticm ccagartnrerrt (III) 

memainfumti~0fthis oanparhsentistomcycleamcmiaoMained 
fmmthe-intonitratesthemainN2 same for Spimlina. 

Thenitrificaticn ismalisedbytwodiff~bacteria,Ni~ 
aMNilzmbacter. Athizd bacteriumThiobacilluswillaqletxthe 
sulphurcyclebyoxydizirqinlmsulphates~sulphidesitusesto 
grclw* 

3.5.1. Ek&mmt me&d 

BioreactOr : 16 : 

ScraWl~de!vice : 8 : 200 

Atmosphereaoprliti~ : 1.5 : 200 

?lk?qmtllre- : 0.5 : 100 

El-cs : 10 : loo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

4cmImFuNcrImas 

Other pieces of . haxdwamareneeded~ to specific 
functi~,~dtherealizati~ofamore~~~~ionof 
Melissabe -: 

4.l.W oxygen cc&ml loop : 

Asforeseen,theMelhsab- doesnotcqlewititbe-lof 
aomplete~loop.InparticularitismitWrinc&uqeof 

l *. 
mi3mMmytherat~a~rrmy#itimintoits 

. 
lxslmalIange~trappingtheoo2~bytheanimal~~ 
mr itensuxesitsreinjectioninto~cultiMtionmediaofspecies 
that~duseitsuchasSpixulina. 



\ 

. 

controlloopwculdcmsistofmaintainirrgtheanimdlin~same 
atms@ereastheFhotosyntheticbacteriatakirqcarethatthevolume 
aMilableshnuldbe~thattheoO2ratioiskepttosafe~~. 

4.2.The wab control lm : 

WaWrmmagma&istrea~inasimilarmmmr astheair:tberat 
issuppliedfmnitspmperextmnaldrinksaxue (fresh=ter)and, 
inafirststep,the~policyas~fQL:itSfoOdprevails. 

Hoimver,the~~ofpurewaterfromMelissaisncnm3dlly 
pmsiblewitkazttoonmydifficultiesthmqh@ysico&mical 
processes. 

5TEmNIc!?um?EmxmN 

Asapreliminary*te,al1 CarparbmentshavebeenteIltZltively 
quatedwithequalsizes.'Ihisarbitrary~i~is~~~ioQ12illy 
~thereactionvelociti~oftheindividualailtiMtirxls~ 
knam with sufficient aaxracy. Thenthediffemrrtbioreackm 
dimmsionscanbedehmhedtoensureac&ermtflowtha@mutthe 
leap. 

Atfi.rstsight,the aqarhhsarethennamelyaxlstitutedwith 
. 

S pieces of hardmre. Ihetechical bmawcwnstaI&as 
follcws : 

.Campartnrerrtn I II III Iv - (lag) 

Bioreactor 1 1 11 64 

Smamblirrgckvice 1 1 11 32 

Illminator 1 1 8 

separatio@xmcticml 1 11 

Themalxqulatim-~ 1 1 11 5.5 

FIl*cs 1 1 11 50 

!cbtal. .v.. . . . . . . . . . . . . . . . . . . . . . . . 159.5 

Transfersandwaterloop: 

pakller 04 

800 

4ooo 

l300 

ItoII =A(volatilefatlqacids) 
ItoIV =B(OZ) 
II to III = c (NH4+) 
IItoIV -D(CXU) 
II to v =E(bianass) 



III to IV = F (NO3-) 
IVtoIII=G (02) 
IVtoV = H (02) 
IVtoV = I (bianass) 
VtoIV =J(aXZ) 
VtoI =K(waste) 
watmloop=L 

ABCDEFGHIJKL'Rkal 

Gas filter xxx xxx X 7 
Gasplmp xxx xxx X 7 
Liwdfiltar X X 2 
Li@dpmp X x 2 
Cool= X 1 

X X 2 
Storagetpackirrg xx X X xx 6 

,~Fixaticn X 1 
'WlaVe X 1 

-" Control xxxxxxxxxxxx 3.2 

Fhysianzhmicalwnditimsofoperaticm(cultiva~medium 
~pos~~?lre,FH)tiallcrther~Ofthe 

gmmqratesarerelatedin~pmviasissuesof 
-p-study. 
melistofmeammmwperfo~andparanneterr;i cmtmlledhasbeen 
preliminarilysettledand is nzgul~lyupdated (4). 

PARr II ~lXHNICALANALYSISOF'IUEREMZSMT~ 



aLeExuposeoftheMelissabre2bdboard andtheprinciplesofits 
realisati~havebeendescribed~in~1. 
meplzsentpartoftfLenote documnt~inesscmeofthemain 
te&nicaldiffiailtiestobe~duri.rythecmWxwti~ 
ofmeloop. 

1.1 The ccmti* of a leap 

Melissais hvedasasystm 
of v initially tested 
ocnnectedtoeachathersoasto 

oonstitutedbythe 
i.nSvidually. %hey 
oorrstitutealoop, 

assembly of a set 
nu3tthenbe 
evmImt 

'mqhtelyclo6ed,andthiscperationgerl8ratesstr~ma~ 
'a&itimstakirqinamsideraticmthediff~ oftk?reactim 
velocitiesandthe ag$smme0fnewfunctionsthat~not 
necssaqforindividualcultivaticms. 

1.2 me mcessityofamtimmscperati~ 

Melissaisdueto pxx?pamthestudyofthefuture ~tivelife 
supportsystemsuchasUm6etobeusedforlawghumanmissionsout 
of~Earth.For~i~safety~itsa~~rrmgtbe 
operat~anannonstopnregimeatxitheaxditiawofcmthxws 
~lonrankamqthefimttobenmstemdatthe~ 

. 

Theabilityofmakhhhgtheparameters0faarltiMtianwiUk.i.n 
definitimugesisthusa mcessityti~isreadered 
difficult if sane of the involved 

*c=larlY 
plmsses~lwJt~in 

natumsu&asseparaticmsandtransfers,formstanc# . 

_ ,’ 1.3 The autanaticm 

aLeocPrtirrxrusqemticmoftheaxpartnents mquimsthattheir 
pmcemesareautanaticallydriven.Ccxmiderirqtheoakmlofthe 
entireMelissasystem,su&agreatmmberofpecambm~be 

forsuchlaplgdumtionsthatitcanmtbedone 

OfqJeraticn 

!theikmdwtimofa recyclingelexmtinthelifesugportsystemis 
justifiedbythetim durationofthefw missiam.AmnmJ-trip 
fran~Ewthto~ pltimwilltakreabart2yeansfor 
. mstameandlMsistypicallythetimebasisafte3cwhichMelissa 
shaildbedesigned. 

Thi.stypeof~forlcmglasting~tiGtlsof~Melissa 
1oGpnotcmlyminfo?ns t&need foritsautxamticcmtmL It 
in@iesin~timthatticultivati~nustbe~~ 
cahminati~0fanytype. 

Thedesirdpmtectimcanbecbtaimdviaa~ticstarilisati~ 
?fthe~tivati~media~~icalmeans(~for 
m&am@, or dxmical ams (via the regulation of m pi's). 



1.5Theeventml applicatims inspaoe 

Nospatialmissimis scheduledformissain~nearfuture. 
Huwever,itcanbeMpfulthatthete&nicaldifficulties 
anticipaixdti~intkxealisationoftesthqexperimntaticms 
inspaae~~besiaplyidentifiedandpointedautinadhmnce. 

The@&nicallimi~ti~of facilitiesofferedaMoaMthe 
axrentlymailableorforeseable~ (inpa&cUlarthe 
limitedanxnmtofelectricalpcweravadableinano~Mtig 
1aborataryardthe- balanceofulel2kter)lmastalsobenamed 
hll2monthewaitingli.stof~l~tooanl?. 

. 
cwCernqthealltivationsp~,~~ledpguametersare 

: -Y 

ThebiochmicalcaqositionoftheaWivaticns 

-FH 

Their tenperatures 

megmwthrateofthe 

Thecham&eristi.csof 

mio 

thelightwkn 

If left freeurderf~ leaxditions,acultivati~evolves 
tmardsamturalstopattained~any~ofitsparametershas 
~~alimit~~.Iheroleofthedrivingautaaatisms~ists 
ofprev~then of~saturatim phenomena.-cal 
pmblemaredi.mctlyresultityfmnthatmcessity. 

nleyhavebeenli&?dper amparhmk in (4). At finst attea& 16 
~aretobe~ledamorq34~~llalstbe~ 
Thesenmbmsaxetobemviewedkhen~~~ 
ocarpartmentsarecmsideredand,later,whentherealizatimofthe 

2.1 The d of the aittivatians am3 
aperatiopl 

Inordertorqulatetheamqositimof~ 
pKYdUckgenaratedbythereaactionsllUstbe 
nqulm1yfmmthem. lknmxely, the 
msuppliedwiti amumablepmduck!Iheeeperiodicoperati~nust 
beperformdautrrmaticdllyand, if possible, 
illplyseparatiar~ 

-Y.==Y= 
aqmIunati~ofgas,liquids,andsolids. 

2.1.1aLe wpamtial a soliasandliquids 

1twil1be CYbMneddlyby filtraticm. mecimiceoftlM filter 
hwi.ng~determiinedafter~ia~sMies,the -ity 



. 

4 

. 

rvzlmhs,~thefilterisusedccKitinwusly,to~penaanently 
and autamtically its efficiency. 
Thecritm5.aofevaluati~andthe-oftheirmeasuremerRnustbe 
definedinthaQurpa5e, aswellasthepxKKsw6toreocnrerthe 
wanted efficiemy, if mcessaq, byexhngeoffilterorcleaning. 

2.1.2 me sepamticm a fluids 

!uEdiffw ofthediffbsicmpmpertiesofgasesanithe 
differerxm3oftb~itiesof liquidshaveledtooanreniesrtand 
reliabletechniquesthataxlldbeaFpliedviatheuseofselective 
membmmsardcekrifqationmspectively. 

; \gas 

2.3 

said hchniques apply a-fortiori if separatiar between liquid and 
hasisenvisa!gxL 

metramfers 

After one of 
ne====Yto 
utilisatim, 

2.3.1 ansfer 

thesaidseparatianshasbeenperfonmditisthen 
tmnsferuleseparatedpmductto~placeofit 
normally i=Jth=ccnoparhnent* 

of fluids 

1tcanwlel1beensuEd by~andwmldtakebenefitfmnWeuse 
ofballast msenmirs,preciselyifthe extmcbdfluidhsto3Je 
reinjectedintoamthercarpartment. 

2.3.2 Transfer of solids 

Iheweighingofthequarrtities~feredishardlydcxle~y 
mlessitcanbereplacedbythe meammmkofavolumin~case 
offluids. 
mbeperfonned~y,~cal~~of~cal~s 

2.4 

pmcesesandm6tofthemsirq>lywannthecul~\p. 
Thelightbqisthenintightrelatimwithtb tbmalcxmtmlof 
&xumresand,~generally,wi~thetharpnalaart;roloftbe 
labaratoryitself,~iallyifthelatteris~~~yaarreived 
inviewofitsutilisati~inspaceambiame. 



. 
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2.4.1 Light productiopl 

~yfmuthenormal~ti~oflirprtirrgof~ 
laboratory,scmeofthemi~ofMelissa~ qecific 
lightiqto~ lzlmally:spinllinaandwlodobacter. 

The light sancesdifferfmuea&atherbytheirphotmicyield 
whichcanbequotedbythenumber0finterestingptLatopls~~ 
unitofeneqyG&enfruutheelectricalpowersanme. =.lpbotopls 
tiirnrolvedinthe pkWqkh~iseffectwillir~~i~ybe 
tramfonmdintolmat,amiasa aweqmceulephotonicyieldmst 
becptMzed.It&xuldatleastbemeasumd. 

Several~icaleffectsarepc6siblecaWidatmforpmduz~light 
:Jauleeffe&in cuxvmti~electricl~,electrical~ 
ingastubes, solidstatedicdes,etc... 

Theirrespctivemritsmstbeampmd axBmilqmanyoftheir 

2.4.2 Light txanahsim 

Driviqthephotcmstotheneededoqanism3, i.e. into the mdiwn 
withwhi~tbey~canbe~byseverdlamventi~ 
deviceslikemirmrs orcpticalfibers. 
Opticaldevicesabletocqtimizethehtera&i~betmenph&msand 
aqueaasnlicIm~arestilltobeimagined.~lalgterm 
dra&3aclcof 

2.5 Thmnal mqulaticm 

Melissaisfarfrombeinganisathekmicsystem.Ihe acnpartmEsrt of 
Clc6tridiamstbemahhimdat6OC,forins&mce alUmqhthe 
teqemturesofomErocrnparbmerrts shaild mnain at'22 C. 

meulmnalcontrolofthesystenneedsthesedifferenmsbetween 

view of preparing the 

2.6 pH mgulatim 

Themgulatimofthe 
calltivati~,itnust 

-useinspace~ 

pHvalueisperfoImedasforindiv~ 
mtbecmsideredasapartiahrprd3lem. 



Asstatedin~caseofWratfeces(3) auWclav*isa 
convenientwayofslm5lizingapmductinahcmgmam~. 
This inplies agmxedue ninbakW asno sinplewayexistsof 
autoclavhqma amthmsbasis.~prooesses aremtdiffermt 
fm~Mvidu2dcultivati~butthenthe~,incl~its 
mennal~,andthetime~ forthfSaallple!te 
qeraticmofsteriliza~nustbecanrted. 

Axenyisquitedifferwrta~~~~ismeasywaytomsasure 
l%eaxenyofacultivat.imandtonmurhnit~vely~a 
corrtaminationof unkmmoriginwi~sterilis~thsailtiMtiopl 
itself. 
meprckecti~oftheaiLtiMtim~aartamclnantsby~lete 
isolatim of the ~pXLES&sinall- -major 
dra&a&thatmwarn@signalcanexistbefomacmhmimtirq 
agentisalmadyactiqthere.0nemstthsnaoceptthsriskasnut 
1OO%avoidableandra~rely~masuestoammcttheeventml 
carrsequences.Rledundancy,canbehelpeulwhi~ornsistaof 
msterilizixqthcmtamna~halfofadcrubled~ifaole 
wishesreallyaampletecmtinuityofoperaticm. 

Pm III 0ZNDITICNINGOF~E~ 

1 The role of the OaBumw~dur~the~phase 
of Melissa 



. 
I 
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meinitiFldutyoftheconsurmerccnpartmerrt aR&.stsmenof 
providiqCh&ridhwi~ratfecesinaoantrolled~ 
(Quantitiesand~ ~iticnofthefecesbehqmaasumd). 

Later-opltheyYmsihiityOfthesystemtoMthe002~by 
ratznxsphtimcanalsobeinvestigated. 

Hm4wer,forpracti~reascms, itismtintmS!dimediatelytotry 
gmwiqratsinaaqktelyclosed~,amtmlled 
autm&ically, as it is the case for the micruxganism, the o&er 
actingmelr&mofMelisEzl.Asfarasweknowthistypeof 
eXpEiBM3Ilhti~hasnotyetbeen~~eVenbeententatively 
pwforx&arrlswhavenWre canbeamsidemd~~for~ 
benefit of the Melissa stMy at the mmmnt. 

2 GJlmwhg a&itiaxS of th mts.(*) 

AaertainrrmS3erofccrditi~~lyto~~~ofratwastes 
andtotheirsq3lytotheclostridia~ Ihe following 
asamptioplsarem;uL?in~, azmmingtherulesof 
disciplinetobe obsem!d~thera~graJirrg alaY_ 
breadboardmtim: 

Theratwasteswillmtbemoreorlesssimla&!dandgenera&43 
Uu3xqhanyartificial fabricatimpmcess. So~Willnottakie 
~it~theregularityoftheir~~ocnpositionthatan 
artificidl/industria1i~~deas~y~i&.Thywillbe 
nalxralfecwgemratxdbylivingrat~andUmstheircimnical 
ccqos~tiomwillrmnmllydepesduponthephysiological amditionof 

axumalsli)celytovaryfromdayto&y. 
Itisdesi&lethatthse evmtualvariaticmbekepttoaminimm 
and,~ncrt~l~yinevitable,beidentifiedand~. 

Forthism, tkratsoftheMelissa~willbe 
"dedicated"oples,andnonllallywillnotbe~duringthe 
duratimofthe~MticRl. 

-theaubiant~tumofthecageswillberegulatedat 
22 +/- 2 c 

-~willreceive~stardardizedfoodandwa~fran 
saarces~toMelissainmeasuredand~ qLmntiti.es. 



-~willnotnonnallybefedwi~the~issa~food 
(spinllh. RhMmAer etc...). Emever, the ~yxl toxicity of 
spinllinaand zwkhckr/illm~byMelissaas 
bianasswillbedxked 
theirfme 

exper~lyaswellastheir~~ard 
~bytheammalsThelatterci~&auldbedme 

"off-line" , po6siblyondifferent inkidmlsif jUagBamxe 
comm2nient.ThecapacityofMelissaasafoodprodmer~~ 
itselfthesubjectofaseparatistudy. 

Thesubjectisra~~l~andincludes,beyundthe~of 
ncm-toxicity, ofobviamm, UE study of m larg q effects 
0fspinll~iril1ulningesti~upoPlthe~metaboliaa.~ 

. 
co~expe!r~ti~nustnot nlBSSdlybeCE%dEdCJUtiIl 
linewiththeprmentane(pmductimofwstes).Inpartimlarit 
mightbeenvisqedthatthe~oftheratasacmsumris 
p&oxmedwiuM.iffeYmtindividuals. 

ThecapacityofMelissatotreatotherwastesthanratsfecescanbe 
wi&ed.Thenitmight~~ thatomerpYcnwtsbeadded 
~totheratwastes(aelluloseformstance)inadditiontothe 

"practicallyinevitablepartsofunamsm&food. 

3 Cmd.itiomitqofthefeoes. 

Severaltx&n@escanbeenvisiannedforprovidirqthefeoesto 
Clostridia inacmtrolledmanmr. Thei.rrespe&ivenreritsamcern: 

-themgulari~ofthepmcess sothatthL?flawrateof 
wastedeliverytotheClo6tridia 
adjusted,mahtained andnrpcnparbnent-be 

-thehandlingeasinessandsafety 

-theobtxntionanJthemaMemmeofsterilisaticm 

Fecescanbee intopor&TbygrindiIy,ei~ornotafter 
(zzmplete~ing,and~timcanbe~ by IEam of 
mfzchni~mixing.~~timcanprabablyberenderedmore 
efficient if the operatim of mixing wxe perfonmd in liquid phase 
asthecbmlicalanalysis, ntw#ssaryf~~~hanocpesriw~ 
irrplies mhumidificatim. 

shaildtheintentimberaisedofmixhgfeoeewithcelluloeic 
additivesthentAepiWerisaticmpmcess wmld still apply, (use of 

mcmmm%dtotreatpaperorstxaw,ifmcessaq 
=z= W)* 

Calibrated~~mofpilverizedfecesto~Cl~idia 
cmpMmmt~to~diffi~ties.Ifonewi&ihestooorrtrol 
theflcmwith aoanracy,ftispritem~thatthemityofthe 
plLTuadisei.--orpermenently~'Ihis 
isdifficultifthefecesaremhtaimdasapakldies. 
Ixletothe&Emmce 0fthe~aFltothetubingwallsitruwars 
alsodiffiaulttomaintainareally~flaJofwastetothe 
Ckstridiareaa?tar. 



c 

\ 

. 

3.2 Fluidizaticm 

mcetheyhavebeenoollectedandpossiblyseparatedfrunurh,the 
f~canbefiuidizedi.e.mixsdwith~quarrtityofwaterthat 
themixtureb&mresasaliquid.Agitati~ensuxm hmogenityofthe 

. 
lIllXbE~llUStbe~permanerrtly\;mtilthe~ti~is 

deliveredtotheClc6tridiacultuxe. 

~processiz3classioalandneedsnopartiallardescriptim.~can 
remarkthatitwculdmllfitwithagxmc&um "inbak!h".nBmed 

. 
for v arneoessitates#attbvo1ulmof 

certainminiaumval~zurlthe~ 

7kedistr~~to~Clcstridiaocrq#rhaentcanbe~ 
‘autmaticthmnqhtb siuple effect ofgraviw, pcssiblyrqulatedby 
mansofaperistaltic~. 

Fluidizaticm facilitates stm5lizaticmbyU.V. ard flcwamtml.. ?he 
mlypotentw~of~process istb;rr;lditimofwater. 

3.3 Etnpsulatim 

Inspatialapplicatims,hhichmedoftena1OO %-of 
autanaticity or nearly it has been a czurrmtpractice, forsupplying 
regul=lY-acanpartments I tousecal~ted~esorpellets. 

mi!Shasbeenthesolution~~~tofeed~~mrmkeys 
ofthe'~exper~andalsobyNASAforsaue~~ 
involving aninlals. 

~pell~oarrespond toacalibratedqumtityofmatter.lbycan 
beisolatedfrunexterml inflmmebyap3mte&iveir&vidual 
envelqesoluble inwater.Thistypeofcuxiitiamhgcalls fcr 
SW= cUm&lyinuSeh pharmw=eutical~Ihepellti 
~~tohandle~lyorautaaatically.'Ihis~l~,if 
~~~totheratf~,~d~lyfitmostof~~~ 

. lxqwmmbofMeli.ssa. 

Ihethwdurati~toperformthissideactivityisalsotobe 
amsi.h?mLInamiticmthe mcessityofevalua~~possible 
cbemicaleffectsthatthe~~oftheezlcapsulatirrg~ 
cauldge!nerateupontheactimofthefollcwing~~d 
i3lsObetiHlE!and~~ 1tmakm finallymenpellet" 
soluti~ra~ax@icatedandpossiblyexpem3ive. 










