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PllOt PtABT PRODUCT ION Of HSTHAKE BY AJTABHOBIC 
yEaafsuTAT IOU OF PMI WASTB 

iHfBOBOeflOI 

the prdparatien ©f p$©rs f@r proeesging In 

e^siaeroial causiieirieE pro.<luees large aa©aistQ of wast©-, 

the <It©po-aaX of tihleh i& l»dcomiiis an iaer©a,0ingl,|' aeat© 

profeXen.    gtreaa. polljitioa from toep^d' 'osete not only 

producos .wad^sirabl^ o4orst ^t depl©t©Q th© ^iasolv^d 

oxygen of the ©treats beloc; r^qU'lreraeats aeoessary t© 

iupport fish ani other aqaatlo life. 

Ift 'the liopo of rolieiriag this pressing n©ed* 

%h& following experiQents. t?ore  initiated aad developofi* 

not only with this in mind, imt also, anticipating the 

ultimate,  more valuable., .goal; of ljy*p-rodQet utilisation* 

By*produot utilization is an old and irery 

profitable story in the neat industry,  hut,  as yet, has 

received coaparatively little attention in-the food 

processing industries.    The seasonal nature of the can- 

ning industry tend's to discourage the intrettaent of tthe 

tia© and money that raould be required to develop an 

adequate disposal and/or utilisation aetho-d.    Then,  too, 

the perishable natur© of the aateria'l. preclude® any 

hold-otrer froai the busy to the ©lack season;  it must be 

haijdled imaediately. 
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There1 are aetreral tjay© of' treating the waste 

$;R order t© recover tigefiai 'by*prodttet.@-» ©uofc as e^hyl 

alooteol,. aaiaal feeds.,  and fertilizers*    It uould appear, 

■however,  ttiat the adaptation, and leaprovetaent of a reli* 

able,, ejcietiiaf met.hod ©f ee«3age treatiaent offer© the 

greatest opportunity,  firsts for the adequate deeompoai*- 

tion- Of ©rganie matter to aia&e possible it© disposal 

without .ms'lsanee or stream poliiitio.^* and «eeend, for the 

prodttotion of mothane to- be- used a© a aoaro'e of power. 

fhe study of the basic principles underlying 

the eontinuous,  successful produetioa of methane from 

carbohydrate material oay eventually yield an. efficient 

method for ©siistying the requirements of the food proe- 

eseor for an operating fuel. 



u 
liflSf 0? ttfBRA*Oil 

eith; th© etW'% of ttcfthaae.    m mtlf @* :i7fi,» folta din* 

8»rr«€ tlie femaiti«D Qf mm tttffcatm&bt* ga© in n&tar* a«a: 

rlgfetlf eoiMiliided ifeat it aro«# fro© the <Sec©sp&#iti©tt of 

thai tfefc orlgts Of Bttifeftft© wts flf»t «|early ludl^af^i bj 

tb& faodan^ntal aai impoirtant weflit ©f' Sohae^tk.   ffe^. 

©ot|jan©-pp©diti(s.ii3g fe©ot#rta eemonily sr<w? ^©r^wr oirganie 

©ufestaage© are f«)m4 Ift a «iiitabjte mntrMl <pE).» a©i-®i|. 

anaerobi© eavlroosieR^ ©stott as ia .©^ampti. aarslies,. or 

wat..er**l«gg'sa so-Hs,, and la the- -iiiestiF© tracts of anl- 

jsals <etp©ctally ruffltiiaKtg)*   mi© j?jpop«rty $S the 

nethan#*t>a«t9rla to a©«©«p©s« -©rgaBle, an^ ftoott iaorganie,; 

.matter uas aarl^r adapted t# the praetteai application ©f 

seweg® treatmant*    It is l).eli©^4», tliong^ tftat ill® 

deeomposilioit ©f &vtch cmplm siib3ta.nc.63 as preteiias ani 

■o&rfoohy&f&lm 1® due to th6 aotio'a o-f ■© aixei mlerd--flora 

atai that th© sna'festrate for t-b,e :astha!»iS»1ja«t.©ria is vari- 

oisB I@t7©r t&tisohoite m& iroXatilis- actts» tfe© relatively 

alnpla prediieta ©f sneti crude ferst^tatioms..   'ffct© early 

.history of .isatlkane fa®& beta earefttlly re*iap»a 'by 
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Sarkw {$*$,&), «A« stepHea^^it {Si)t sitir?#r «nd a^lktK9riS«ft 

■<«9)t &®$ Tfe^rtr (W.    I^r |ttrtb«r fofofKalioft In the 

fi«14 of «IUMX^I9 l«rqi9iit8tlott tbti reader t* mfmrM $® 

Sngasll* «t ml.  <IS}# iamit {St>* and L9i)ftre0ti.i C:#)* 

#^^^ I® ia© to pmp®irt>im *t %hiB grmp *t orsan'i88i0 

aiffle^li*    f&e ^a^terta fire itriet ans^rdb^a vhteb 

infra^antiy t&m sjj-ors© aad- are. IsiXMi «ptte ^aaUy 

Btr^ef' (f) fariiiar' ??«&*!!$*& a sfitrv^y of ^fe© 

ia©thaft.#*p.r0.di3eiiag «r$aftt8i)ts Ms©^ da f-tef 4«a4ripti*nia 

phieh ©ere thatt seattarei t^romgliemt. tk® .Iii@r©t«r#,    S© 

of four diffgrept- t^pea of otetkaBO^roduelng organleiBia 

tihicls allovad tha f^liowiag deaeriptlotiB; 

gat^aiiogapoina a.<fctbft«iioft>    S&tg* ©ffeertetl €#11© 

«teracie:rlstic.ally ^raupad t* t®m a^feleal. isesr^la© 

paa!t#t©.   Faniaiiaittly aO'ii*a#4ile aoA «KM»*8p^ra» 

fomlag.    Fefttante mmtM aa4 paesi&l^ ale©,, 

'Instyriis aoida «ttii tfea p*edi»ctiea of a-ot-baa©..    ©raw 

Ta,ri.abl©, 



s 
Ee&feaffl&froeetie laazel.    Saall. .©pherical cells rolaisfe. 

• #6c«r singly la sraalj. grompis, Gr in large^ irregslar 

spore*itersalfigv ^raa variable* Attacks .ae<gtle aai 

btttjrio- acids,, bmt ;noi ett^rl asset Mtyl aicdhols to 

|>roi»ee fflothaat;.- 

EiOtbia&obactQrluai .sofan-^nil*    !o$*shape<&» peraa^ontljr 

lmmo%%l% cells tfedat ar© fioa*'©p©re*fonalag.•  ft® rod'© 

are' eharactertetlfcally .^1^.0^ iBii© leag thread's 

©folcta, lit parallel" to oae aisotlier so ais to fom 

bundles.   Ferments aeetio aai butyric aoM® but not 

etbyl alcohol, to form raetbane.    Grae negative. 

I3ethanobaeteriiam oaelianskll.    TbiWt- frequently 

bent, tfaiiotile,- non-spore-foraing rods..   Fe'rmentB 

ethyl alcohol to aoetio aold and butyl aloehol t© 

butyrl^' aeld' tirith aietfeane formation.    The saae :or* 

ganisBK probably also ferments butyric: ac^id to 

acetic acid.    Aoetio .aei'd %m probably not feraemtoi, 

.Four years later (1940), ©arfeer m® the first 

investigator to succeed! in isolating- in pure culture 

?3et;hanobaetefiusa omelianetcli, a spec is© of .methane; bae* 

teria C7)»   I'urity was established by saler©scopie 

exaai'ination an3 by testing the cultur© for contaainants 

both ©naerebioaily ©ad' aerobioaily.    Jn light of subse** 
quent oorit oith pure cuttures., the taorphological 
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mg etsaagoi*   Hh® ©rganiss m& tomai to- %& ® 

thin, feobly ffittil©, Sraa^vsrisfele roi.    Spores sr© 

.fo-ra.edt> that oithstaafi ©ssposiare to atr» but hav© jr^ia*- 

ti^©J.^ ilttie r^tistmao© t© feaat..    la 3L©47, Kiayvsr @a4 

Sdhn&lgn '(39) f^port-dA tii© i©olaii©m of two spaeios of 

in©;tlia;a-e^rotocirag femet©rla for w6Ho-U tfeey propogQi th© 

Battea of l©thagiosar©li!ia h$it'k®rl$ and Metfeattobaci^ritia 

^^steie^ia..   fh© fdimar ©as able- to faraiant ia©thyl a'loo* 

hoi aai th©- latter, ^oiin© foraiate.    The©© ne%7 ©peal©s 

ar© able to ©oavert a alxter© of oarbop- dioxide aai 

h^rSrog©®. to ■motfesn©- and water.    This rert©^ brlftgs the 

J,|st ©f ktiosfft' species- isolated 4a piar© ©^Iture up- t© 

date. 

fh© JgpjBtMmtfla- of the EathaM iteygeifratloiiu 

fhore ha© baaa ©oas l<S©rafela ©■triie^o© a4Fan©;e4 byBarkar 

supporting %i® thoo-ry first propot©^ by ?an liiai that 

stctfean© is fora©<a by tfe# direot .r©<Su©tio-a ©f ©arbon 

dio^id©.-   'fhra© possible m^ohaziiems for th© feraaatation 

of aoetio-aoii hav© baaa suggested,, imt aot provsi, by 

past inip©stigati0fi8:    (I) S©©0sip©siti©n of aeetie aeid 

t© hydrogisn-, ani ©arboss dioxide with ■etifesequent rad'aotion 

of ©arbon dioxide to aathane (BB)i (£} direct re^uetion 

of fearbotk- dioxide to a©than© (2).}   <-®) Bttsseil and H®av©«& 

proposal ©f siapl© dsaerboxylation. (15,13©)« 
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la eritieists of' the first theory, Buso^ll an^ 

Solio (80) i},©li©v^ that the io© eone^ntratioa Off hjdro* 

feja in th© gat,. r©swlting froa the fermentation,  is evl* 

4en0'@ ■against this ^eehanisa.    fh© secoili theory has heen 

h©l<a in; higher fav^r since,; -until reeentlsr* all the 

ayailahle evidence 'pointed to the feaiife.tli% of the 

-direet rstoetion ef oarfeoa dioxide t© aret-Bitane* ■   in recent 

|r©.ara, however,, the ^^ailabiiity of radioactive carfeon 

for .expertsaental work Um opened an entirely nera aethod 

for testing this 'theoretical mechanise*    Bmsaell and Soil© 

(20) reasoned that if the #arhca .at«- of the .©arhon 

dioxide molecal# t?er© marked: i so-top ieally,  then it should. 

he potsibl© to settle th.0 qudstlom-'   If 'tither ©f the 

©echanisttife £tm»lv'ing reduction of carbon- dioxide were 

introlved., then, by msing labelled carbon dioxide»- the 

resttlting methane ©hoiild be tiailarly ■marked',    fheee 

autho_rs used saall {%& ml.) iaoetala fro® .an activ© ©ul* 

ture ©hieh had previously beeft feraenting. acetic acid. 

to this is&oottla '©a.© added radioaet-ivf ©odiiij carbonate 

and acetic a-cid.   fit® ■earboii' dioscid© of the- mm pro-duced 

w&m ab-sorbed and th& reaiaining iiethan# was oxidised tc 

carbon dioxide and ©ater.   fhie carben dioxide tsas pre* 

oipitated as bari^^i ciarbonate and the radioaeti^iiy uaa 

deteimiaed.   'The results ehooed: that the specific activity 
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of %h& HO.than^ ©oll^et^g ms only approjclmately V^OO^^ 

IMat of the carbon 4ioxJ4#..    1% ©as then «-0.aclui©<2 i'hat. 

t%© ©©itea© ©as prQ&m&& siainly froa, %&# ace tie aelfi fed 

to $k® eultmrs aai ©aly t© a sllgtit eixteut from the eajr- 

ton dlic»e|de«    This ©sp©ria©Rt. ««*4tt4la&te8 ttiat tk© aotH^ 

aa© %$, pro&nwA i&y mm® mmkmlm ftthor than the 

;ro4i3otl©a of ftartmt iimX®®, and must therefor® fee 

4eri¥66 fro® eooitfr a©id.    A ttapl* afcarbexylation 

soeas to be th®' «oet lik'e'lF noohaaiaaj. feut i® not doff* 

Sifted ©stablish'#d.    It to at ill poeetblo that sou© 

preli&fn&fjr oondo&$atlon oigbt tatee place,, with SISIJB©* 

qiieni d&ooapo&HlOft of tte© eoadonoat ion product» hnt this 

point «annot be pro¥©# by thfs' sotfaod of attacie.* (SO) 

Barker aai Stadtaan (61) c^paatod aai extondod 

the osperiaents of Bnswoll and Soil© to obtain sieiilar 

reanits for tba forHieRtation of aeatia aeid.    fho results 

•obtaint^ for the fefm^atation of othyl- aleohol by a par® 

et&ttir* of pethan@baot©r.jua oa^liangfeii.^ feow®irorf ®hQ®®4 

oonoittsiirely that the aathan® raeiklted almost entiroly 

fro®- oarbon dioxide*    these author© attaapt to fit tfea 

raattlta of traoer eitperiintntt into %%$ carbon dioxide 

radnotloifc theory by asgawi^ that th&m is a oomum. 

intermediate (1.) In the condors ion- of both earbon -dfoscido 



,an4 a©©tie acid: to methan© in this way: 

Th© ssaalt utilization of carboti dioxide during 

acetate f©rm@.ntatio:n is explained sisaply fey assaming l^r-' 

ther thai the forsation of e<efflpound X front carbon dloxi.de 

is largely feloc&ed by a prodaet of acetate d#co©po&ition» 

Tfaie third theory* that of sifflple deoarboxyla* 

tion, eeeag consistent vith the experimeatal facts found* 

Barker and stadtman (SI) apparently baee their objection 

to this explanation in the fact that '<'.*.it eeeae unlikely 

that laseftil ©heaical energy can be obtained fey living 

organisms from' any process, -suc-h as eiaplf decarboxyla-' 

tlon,  that consist® only of a rearrangeBent of the atoias 

within a. single molecttl©." 

Fersitentat.ioQ of .Industrial fyaat©s»    Th© eanniag 

indiastries haue been rather slot? in takini car© of their 

ovm wastes..    This has not been true though for a nuraber 

of olesoly allied food processors such, as a few large 

corapaaies  in the dairy and ateai. packing industrlee..    fh© 

©XperiBentai trork carried on with, these waste© hair© been 

rovlexjed by Latabreeht (40).    In recent years,, other Indus'* 

tries hove folloi-jed this lead*    In 1948,  Singleton. (50) 
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published result© of" pilot plant studias oa %h§ anaerofeiG 

$lg©stl©a of wo&l .feou.riag tsaete©.    fhls iBvestig.at©r .r@.- 

|>©.rtefi that, tfete pilot plant was operated over a three* 

WQefe period vjith a loadi'tng. of 0.06 po'tinde (dry weigbit) o-f 

'Volatile ■aatteF per eiibio foot per day yltU a yield of 

©•'$. to 14 oubio- feet of gas per poraisd of volatile ©atten*. 

added,     tn this saaae year (194®)' EUai'sell and Soil.© (SI)' 

publiabed the ressltg of their preliminary leboratory 

experiments on the aethane feruentatloi^ of flber^board 

naete.    ©n the basit of tfeeso laboratory r@s«lts, they 

proposed' plans for a 4Q0»Q00 oubic foot fiber^boaird 'oaste 

treatiient plant. 



u 
III 

OQT&ZRS OF PSOCSB1HE 

tk& preliminary laboratar^ gt^iies c^ndneted in 

ttaetd^ kigh in earlo.hy4rat© a&terlal^ eomid b© fermeatQ^ 

Aoftditlottfi ©:f tfe© 6ia6l>sni«9> of «©%!»©-»© prfiduetlQn y@rs 

left UB8frJhr&$» ift# praatieal isetMiti©^.© JLea^Ing t© the 

■e&tabtin^m&nt aM Qaintenaite© of ao aetlfo alero-flora 

ugsrsi <iet«raise<3..    la fiew of this* and oons I during the 

pressing aeM fsf a systes of waste &i&p6&&.%,■  it was 4©- 

ci4o# to advanee diraetly froai th©s<2 preliBiaar^ labora* 

tory studies %Q an ope ration cm a pilot plant 1®V©1. 

Aeldg froa the generally 'w<sll knotrn raqcttrenent for 

strict anaero^le eotiiditloaa, dth^r faotors wtiiolh tfiflu*' 

eneed the f©ra©atatiO:Si as indicated Sa tfee preltmSnary 

tests ©ere:    entouat of sfedtaent^ agitation,, aad rate of 

feeding,    farther Intenatve atotdy of th.©s© factors,, on a 

pilot plaat Beal©,  might rxgiX h& aade. 

Oeaigna wers irawsi up for the conatraetlon of 

a ISO gallon pilot plant incorporating tboee features 

beltaved neoessary for the of fie lent- feisaentation of pear 

©aste <Figure 1).    Thoso design® W-er© followed in the 
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eonstructioin p.t this plant, the dotailt on ©liicfe ar© 

given laterv  %n the cfeeptor on experistdritaX e^nlpsient* 

It was plmm& t© put this iigestsr teta ©p^r* 

©tioa- and to tntill ^p aa aetlve e^ture witk tfe© Sam© 

4rled pear wast© need lor the laborateri' ©tia4i©s, aui wttSi 

the sane fflicro-flora. denreloped at that tins aa4 cparrisd 

alorsg. lei the laboratory for susoh a pmrpese.    tn addition 

it wa© pianfjei to operate eev&ral o-o^tinnoM^ test rwm 

©ter laterva'ls of ©©ijferal aontha to obtain vajQa^l-e data 

oa the afttual nanageaent of the pilot plant dttrlfig aoiive 

femeatatlotu   Thtse- data wer^ to iao-Xu^o total gas pro- 

^uetlottt «omp©6itiOft of this gas.'pH, aai volatile aoids. 

Additional esperiaesstal worfe itnrolved! the atatnlns of 

slides to eh©^ the aioroorganismS! Involved* and the perl* 

o4i0 aaaly0i© of the digested ©attrial for redneing 

■sagar©,  total solids,,  total oar^on^ aitrogea, ami blo- 

atkeialoal exygen deiaan.4 (S.O'.D.). 

Aftef these 4ata twNr obtained^ it taa pXannod 

t© i^titdy the effeet of lnterrt^>tod feeflipg,, Fednotion in 

temperature ©f tfee feraientatlon fro© optianfti to rooa 

tempofatare* aad sufese^ent re^establishfiient of aetiire 

pe prodactioo with a mlnlfinafli las period.    AS intewup- 

tloft© say ©ceur at tlmm Sn the normal operation of food 

prooessl'ng plants,, thia knot?le<ig© was oonsidered of 4ft- 

pertanee in eeta&lishiag the practicability of this 

femeatation. 
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FIGURE 1.  Diagrammatic Layout of the Pilot Plant for the 
Anaerobic Fermentation of Pear Waste. 
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m 
sspsftmntei. mm 

materlalg>   Ifefey«ir&t©:4 p;<ga'r wa^tg- ^as prepared 

tor «a« Sn t.^©- f.FtXi®taar3r ejtperiaeai© t>3r tli,© ?Q,ll©3r 

EFaporatiag. oostpaiiy, Tsfeisis,- imailast-oa*    flit® material 

93$ <iS6$4 i» experlaeiats ©a© ®U'6 tt» t0 buia.#. tip aa ^otiv® 

culture ^^PiKiis th© initial stages of the pilot plant 

operation.    Lst©rr Instil pf^r tyaste- wa© i?©©i.    This m® 

obtaifsed frooi- Bdld StoMecb and Ooiapany ©f :Bal©rat Oregooi, 

and Hesterti Oregon Packing Coapaiiy:,. cojnralil@» Oregon. 

fii!« frmlt ^sast^ Qa$ finely gr«andt paeisad Into 39 pound' 

ticss, ani placs^ la storage at -O6 f. witII, m®&e4. 

tbA eeup-osiilosi of tSi© 4HM pear ©aste used is 

SE&OQB in fable 1*   flii^ analysis me taa^e ^y the Agricul* 

l&ral Chesifitiy S©p®rtaost^ -Oregon Agpi4vilt«ral Mperiaent 

Station* Cortrallis^ or«g*n» aa^ reported fey 1*aabr««ht 

(40, p*"10).   fk^ analysid of frmk peare tjae ^fetsinod from 

tbe ballet in "Prostiiaatft (Joap^ftition of Fresl. Fruits* (SS)* 

TaM0. 3t. 

AH&lyeie ©f Pear Wast© 

Pried,pearB     Preeft p»aro 

misttire ♦...., .•*«»•.••••* .2.4 ' tS * as 
earbohyirate. •»«••»•...  6$«0 S ♦ IS 
Piteer.......................... M.i 1.8 * 1.8 
Protein.  S.9 €>•£ » 0.0 
Pat......................... I.t 0.1 * O.f 
Ash    S.4 0.3-0.7 
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Bcuroe pt laoeula,   fhe eoateats of a 20 lit^r 

takorator^ t$m&n%QP wfeiefe haS %eea allo^i. to beeose In- 

a^ttire- efiS t«t etaai; at rooa: teaperatiire for' tt?© saontha- 

was m$& ae a '■s@ar&© ©f .iiwex&a* 

to- ©tart th© fermentation WL-B a slight ©©fiificatioa of 

tbat d^vgloped hg Barker <!), and lattr iEaproraS t>y 

Hetificeta&tati and .leineaan.n (S4)»    It ©©nstst^d of: 

r cent 0raa g for 600' 
liters of oMiata 

ou €00 
©.01 60 
0*04 24® 
0,01 60 
©•02 120 
0.003 It 

ElagGOg. •  
Yea^ #3«trae't♦... •.   0, 

Tfe0. varioa® cofflponenta irjara mixed v#ith tap 

water and mad© up to- a total v<&:li«a©- of 600 liters,    tk® 

tank was filled to- oapaeity tilth tfeis moiiiKS.   'there t?as 

no need to adjust the p.H aa it was found ^er^ close t# T.O.. 

^eukelekian and leiaeaaan reported that the addition of 

jraaat extraat Inoreased the rate of .growth ©f the siethaae* 

prodaeing, organieas in eisltare media.    The ©odlua smlfide 

aided in waintainiag anaer©M& feonditioas bp reao^ing 

traGes of dissolved ©scygen.    .Evidence of thi® oas shom: 

by the fact that the Wifltcler fast for diasoi?ed oxyfen 

(lt p. 107) gave a negative refillt after the mediia® uag 



16 

prepared for-inoettl&titm.-.   fhe ad^ltl^n «f eodiaa ©arfeeii* 

ate m%&$i as & eearee of oar^o» ttoxia® ahieh was be- 

li^^e'd iiedeeearsr to &%8t% tite femen^atioii^ 

jMiglyit.lgal,,petfa>.d6,^   *k* ^oapofltioa of tbe ga« 

wa© deteraiaea wiib ati Oreat apparatus.<   Tho prooeStir© as 

.•given in the Fisher gas. a^alfsia Hanttal oa© need for' .d^- 

teraiaiiig varied ^oiiapoaeatg (41)• 

Volatile ©cids r;er© determined l>y the aethod 

given in the Standard Qettiode for IsaoiiAation of 7/ateF 

aad Seoag© (J., p. £}&)•   ffciiS' eoneisted of adding g.'6 al. 

Of g^lfarle aoid to a saaple of SO ml. of the eupematant 

fluid wiihdrawi froia the well agitated contents of the 

feriaeater.    the velmne o.f this easpi© v&st then, iaereased- 

to 000 al. with distilled ■water» and the eolnation warn 

thun distiilod 0lox?iy nn%l% ISO ml. of dist'lllate was 

ooilectei.    The distillate oae titrated wltU o.l noniJal 

sodiraa hgrdroxide, usi-rag phenolphthaleia as the indicator, 

to the first pi-nk coloration ^hieh dleappeared oa etaad* 

iag a short while due to' absorption, of •carhon dioxide» 

Volatile acids deteraiitted in thie aaaaer are expressed 

ais acetic acid. 

SeagU'resaent© of pM were made eleetrometrioally 

using a Coleaaa pB electrometer.    It should b@ noted her© 

that the pH of'the euperaatantt liquid depended to ©oae 



If 
Axtetsfc ^a %h& o'.arb^n as©xlfis aquilSferia^* ana steps ©ere 

%akm t$ pp&TQnt l^ss ©I #a:*%©ii dioxide while tfci© .p;l vtm 

l^eifiig. d'et©r«iM4.. Tttat let* th© s»$iitioti■ wa*'C-doled Fap«p 

M% and t^t pi: 4©%ti^ifi®a ifflffl©.Slai@2.j. 

Bfiticlag 8iigfti*0 ^ars 4©t©rfflin;©i toy a iao4ifica* 

tiott Qt tho Sh.^tMt^Bom&^t wtthdd (31). 

& mo&ifMa%im- «f 6w^ioef& E^el^sljl proosdure 

tjas vaed f«r tli* total nitrogen teteraiaat'ioa.    Th® aono^ 

fci^ waB- iistiilJ4; into ^fit a$i<! solmtiott aad titrat«4 

tir^otly ©itti |f/l4 eisilBri© a©il, 

^ot®l: earboa t7a» dHefAiBad fey •eoabxistioa witli 

-oxygen at 9i@^ S-.    th& earlton dionia© ©v©lir©#. by this 

c^tftbtiitiosa iaa# absorbed im Aftearii* to^rs and oaigbod* 

flit ©asflti- mt® first, meadar^d into paroetaitt boats, 

..dried at flO* C.» a»d eotferad witti- 10 t© SD A^sh- Aifrax 

toaf«rd introdtt&tioti int^) t&a #0g£|>iiatloii tmta^. 

fotai s^iids vw* iddt-emined ^y e^aperatfjag 

#6 iti, ^asapies. t© eoastant t^ight at I©$6 G:. 

ffofe etandiard .prpeMur^' vae followed for tbe 

d»t«Eminfttion of I.Q*^* val^os (it p.   lSf>«- 

- ^a^jgq. Q*, ..^epgri^oatai Pijot Plant,    fh®    ini* 

tial atodio^' leadioe -to the ^eslga aad .oonatnietloft of 

tfeto pilot plaet ware ©©% »p oft 4 laboratory mqale,  flpst 

sitli. fi'fe-liter end later ©itte tyenty-iitsr Oarfeoys as 



th© digesters (40),    fheg©' prsltelaarj lafeorator^- stuate© 

den^Nttstra'ted- the imBibiittyr of this typ© of forffisatation, 

hut opsratioag trere raot aja @ seale large ©.aomffe. to ps-rait 

relia^l© ©^©MatioB ^f %fa<$ mB% and pr^^letss iavelved in 

ftaoSllng aat ftriafnting .fr^esfe waste material. 

fo p.#pait ©perati.oa on a sior©' practical basis, 

th© prssaat piaot was ^onstiractod.    It cofisists ©f a liO 

jgaHon stainless sts^l. tank* approximately fiir© fast in 

h'Sight ^y three feet i& diataeter* eyliadrical., with a 

roiand lottos.,    (fiigtire® £* S». and 4*)   Thers ar® five out** 

lets on the t&a& for oircialatioa of the .contents «•-■• two 

on each side and one in the center of the bottom.    A 

falve is eonnected to this bottoai' outlet to permit sltidge 

withdrawal and,  if neeessary,. drainage of the tarjk.    The 

pipe for this eircttla-tion is ©ne-ineh stainless steel ©f 

the type eoasonl^ us$4 in dairy plants* with a stainless 

.gteel centrifugal puap powered by a eae»qwarter>*horsepower 

eleetriC' motor.    Contact with eepper was reduced to a 

siniMH© as copper is known to be toxic to the latcrcorgan- 

Isas involved in this fersientatioa.    A few- copper fittings 

mm una^oiaable but later analysis of the ta^ contents 

revealed less than 4 p.p.fa. copper,   fhe piping is so 

arranged as to allow the tank contents to be pumped from 

■one side to the other, from the bottoa' to the mid»levei, 



FIGURE 2. Pilot Plant 
Pear Waste. 

used in the Anaerobic Fermentation 



FIGURE  3.     Side View of Pilot Plant, 



FIGURE 4.     Front View of Pilot Plant Showing Control Panel, 
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©r front ths t0p t>r #©of®r :t© t&© bottom,.   This tl&xlkility 

©e,€Wi©d desi^rafels in orier tt d:#i®r!al^# whether eiroulatioa 

■of %h® m%tr® «Ottt0ti%.s of t&e tao^ iapro^ed tto© ^fftelenoy 

of tfe©.. f^rmeatsttoti or ^eth^f it was tj-ett©*" t© leave the 

sliMg© bed ttttdlffesrfeaC    AttacH©a: to one of the top otsi- 

l'@ts i@ a trapped o^erC'l©©- to iiaiataia tbe co.ftt©fttst at a 

ooBttant  level*    Sealed to the tank by Jaeafte of a rubber 

gaulcet and ©-^lattpg la a flat 1M wltft t'^o opeftinss.    The 

jsamll opening near- the ®d.§s persits tbe ©ntranee of the 

control elemente of a tbemoreguletor*  a reoerdlng tb@r» 

ao3et©rr and a visual ttoensostster,,; w&il© tho larger one In 

the eenter 1® eurrouadeS by » water tsoat.   Covering this 

oentor hole li a etandari laboratory bell 4ar ©itb rubber 

tubing ftttaehed to th© top for gm draw-off.    The ©ater 

moat forms a seal'and allocs the r^^oval of the bell Jar 

for inspection purpose©.  . 

The tank is heated externally by the applioation 

t©- Ite lower half of appro^lfflstely 100 feet of soil* 

heating' oable*    fhi® Is divided into two equal sections 

of 60- feet each of which one eection ie connected directly 

. to a 110 volt outlet and remains heating continuously^ 

and the other is controlled by a Hior®»set them0r@gal.at0r 

with a seneitivity of ©at*half degree r.    2nt1rely our* 

rounding the eide© and top of the tank are' batts of 



£©te8»Iamrill<3> rmk vim% of ftpjproximately two inelies 

thiclcpegs..    It tja-s fotiad that without this insulation., 

the hoat lo&s was too great to permit maintenance ot the 

theraopMlie temperature of 2310 P.  (S5O\0») when these 

eseperlssG&is were started.  ' 

file gas res'ttltins frota the fermentation collects 

in the bell. Ja?** passe® first tferougte a -moietiire trapj,  and 

then through ® "Precision'* 'Wet festgas aeter.,  and finally 

Is piped out0let® the fouiMifig,, where It is dissipated into 

the air..    The temp erst ur-e is ©alntainM fey theraoetatic 

controit.   Is continuously record©<3#. and seldow varies by 

■fiiore than- plus or wtnus. three degree.© f. 

Becently installed on the tanJs is an autoaatie 

feeding devie© that  intermittently meters into the tante 

designated araounts of oaansry ©aste. material.    We were   .. 

foreei to u:se this device by the eoaplete lack of ooiasier* 

eial putaps that -could handle the graund tyaete material on 

the small scale required.    This feeding .system (as§ illus- 

trated Ira Figure $) consists of a plunger that movtf up 

and do&a In a graduated cylinder, seating,: at the end of 

each downward etrok-e*  into a rubber cup which in tarn 

conneeta with th® toed line,    fhi-^ feed line enters the. 

cireulation eystes on the suction side of the centrifugal 

pufflp.'   lach tiae the automatic timer engages the switch, 



FIGURE 5, Detail View of Feeding Device, Trapped Overflow, 
and Gas-Collecting Dome* 
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turning oa the eirculatiosi, pump,:   It also activates th© 

solenoid to release the weigis.t that moves the- plunger fcack 

to th© top of its stroke..    The plaager descend©, with the 

feed material and cut® off the feed at the end of its 

.stroke by again seating into th© rubber cup.    This allot?© 

a definite amount of material to eater the tank with each 

circulation cycle.    However^  wheR this feeding system tms 

put into actual operation,,  it was  fou^d somewhat Jaareli- 

able,   and effcrts are being made to @e©«r© a positive 

action pump that will handle the cannery wast© at the rate 

of feeding' .■required.    It wuei be noted here that this is 

strictly a pilot plant probleia and ©ould caias© no concern 

on a coaraercial. scale. 

fhe tank contents are agitated regularly by 

cireulatioii -governed by a Faragoa autoaatic timing, in- 

Btrumsnt attached to the ©entrifugal pump,    f'his tiaer 

can be s#t to -turn the puap on for 0 to 12 asinutes out of 

every one-half hour,  or fro® 0 t©. .20 minutes out of ©very 

hour.    In most of our ^xperiaental work the timer has 

been set to turn the putsp on for about five rainute© out 

of every ©ne-half hour. 
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Pilot Piant Fersaeatatlogi Esperlg-ents with Pried 

Pear ilaate.    Th® ftmeteraeotal characteristics of th.® op@r* 

ations &n&. %he analytical procedure® fcmd neceEaarj oa 

th© lafeoratoiy scal# were followed la th© ©aftageiiefit of 

the pilot plant. 

fh.o ISO gallop' fera}@Bt©r was filled uith th© 

enriehment eaediua aai buffered' t© a pH of ?.■!.    fheira O.Oi 

per cent of sodium sislfid® vim addsd to remove trace© of 

'dissolved oxygm* follow lag ©hlch BO pounds of th© con* 

tent© of a laboratory 'forsaeater ^as added. 

The teraperature tias raised to 'B$®: ¥, ©ad' th© 

feeding of dried pear waste m§ started.    Careful control 

of this feediag daring the earljf period resttlted in th© 

■devclopmettt o-f a satisfactory culture ■wl't'hift-11 days. 

Th© pE of the taok, coHt^nts ©a^ carefally J3aif*taih©d ©ith- 

in -a .range of 0.3 to T,4 by the freqtiQist a^ditionfi. of 

lime.    However, on the. foiloraifig trao days this addition, 

of lime resttited in almost complete cessatioa &$ gas pro- 

daction tehich dtirirsg the mest five -days comld .oot b* 

revived '(Flsure 6, table II).    Tints seeaed v©ry unusual 

&■& the amount of lime added did not appear to be' e3tc©'^?»' 

sivo» 

leeent tirork (48) gives ©apporting' evidence that 

th© use of lime in methane feraeratation is not good 
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praeiie©.   Stlti&ng <4S> etat^e th&t tha mtim &£ line 

rftaetldn to go 0tp©Mgly ip tk© g,e@tatog upon xihteBk the 

Meter 1& «*fmot ©ork.    H© tscf «w«se4 ttk0 Miief t&at th© 

«ftiv©r©a|. $>ra©t!©® #f: r©sortiii@ i©' %h# um ®f liae io^ 

«orr©et a loo pi do«fir Qore- 4a8>a$a %hm ^«d<t«   BSJSWGII aai 

Soil© (tl) ©tat* itot.....tt:ioilseriiiiaat© Miitloa. of «3Ucd» 

t® aietlmnd a&g carbou il^ifie» ttmd ©gsrwati-ftg' an ,ai* 

reai^r initavorable eoaiitlosi iit«t«ad of all^viatiRg' it.1*' 

fhl© 0ff©«t of Iteii' ©ppargatiy trarift ©Hh %he charaot^r 

of tli^ ra*»t6 material aai oparatiag eoiusittofia^ m the 

stt'bjaot ie ©till cwtrovoreial* 

fh^g> It tm@ finallf .aecid^a to reaovg ti# en* 

tire esatentte at th» f^rmntw and t# atari m© taa& 

afitacr*   MisitQi resttlta ©f tfel® fs^st esportsiont are 

gi^n its- fablo- It ond'praeeatad .grap^iosll^r $t» Figur© $• 

m© ,f©jim©fit©r ms ope# agaiii filled tjitfe t^© 

0Q,ri©te©'at ®o4liifa aa ascplaliied in attperlaenfc OBI© assi 

reifloealatad sitfe -Bi pooti^a ©f aoti^ft'ein^s* ©atari al. 

mi®k m$ %Q6n caw4 far atteh au ©mergeftay*   Aft a^ti^e 

©uita-r©' ©as bittli ^F foiio^i;fts praTriaaa ^roaai^r@®,: 

axaapi that tua addition ©f liao far aaiataiaitan tho pi 



m 
tfttlfclft a gf<i0lf|e raug^ ©a© «llniiiat«d*   ?&» fist a, .0^* 

islatd la tliis #xp^r*gi©st. is nhm® §.mpkimt'lf■ in 

fH^arsr f ®EI^ BtBit««ri%9JS la ftfele til*   f&# j^S oa© ©till 

&®%:<Bmi;m$ m- ft f^rlla^ pt^es^isre, but a^ att^apt -m® m4# 

■tftf «lrlei p^er sa#$# Em© ©ontFtlM m m®h,m P®E®1¥%® 

titta wia ^o|io#^fer«tt©»«    l&f&irews© t© Figmr© 7 will 

show th&t tlsr© i.i4: not mm t# 'le a^f e^rr^lalio^ %04&e«R 

aigoetioa plaste itel an|? sferi^tte upa-tt in'the formal 

■Esssttlts ©it-aiaoi tm tbie t^perlistHt. &f* aa% in d99er<S ©life, 

this vl«ot -Q® @#s ^r^iai^titM ©tarMnt ^.Igios^ Igsatilsi^y 

fk© ^©ia'lll© aeias, fe^^jef^r,  toereatjuai xopfHty %6 ^pt^aefe 

^iC)^ $•£•»• gai fesSlRf «as ial©rr^t©i t>©<§0tie& of %fo$® 

g-eale <49> '©€>.rr@b^fdt©a 6ohX<sna^« T^leo thai J8O0d p*^.as» 
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160 

DAYS 
FIGURE 7© Anaerobic Fermentation of Driad Pear Wast@o Inriehment Mediua 

Initially Usedo No Addition of Lime for the Maintenance of © 
Speeifie pH Rangeo Temperature, 86° Fo 
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m 
©ttriag ttie m%% 06 days ih© volatil© aetit 

sl^ojly &d$re8$a6» phllsf the gas f'r©toet.4oa r<ssaaiis@a prac- 

tiealiy aiJ.   8&i tm ^©tap'QsltXots ©,f tti« g«8 efeaqged from 

%& ^pproattaatol^ 85 p'^r «etit carbon 4i«asld& ass-i :7S per #^at 

adtbaae*   ©ear tb$ ^40tfe, iaf tte gas proiadtloa ©t^rtM' t* 

Ittereaee and tfee irolttil^ #^ide to gdtfers&ise r^i^ly e^ 

t&ai fey tHe -SDih tay csoMiiioms .s©©®©^ d&tlstttet&iy for a 

eoBtlnuation of ft^ailif.   '?.li€i«e «#^i^laa© were-:    a pM 

elQ&e to ttOj sa i&er&sis* tn ga© profinetieaj end .© imia* 

ttle .teia eoa^^t^ation naar 600 p»p*8u   sino^' it ws 

eyt4e©.t that a feajaiie©i siier©-£X-©ra, had feeea ©stml)lit|i@it 

f©@;ii«ig: ms 0tarte4 -and «onttinidd freat tlj© 0Ot1i •iajr 

■t&r©tig.h t&e iSOtli ^ay.    At tli-at ttoe %}& vo'latile a$148 

bad agaia rta^n t© over ^Q0& p.^.w.*. add the ^at? predu^- 

iiQjnt h-ad dropped to h®l®® five eisfoie f##^ per day,  iadi* 

dating ibat eonditione -slt^lii tba-- f^yia^ntor oai** not- 

favorable for the taJsrsorgaftisBs to paffona at iaaicisiaE* 

capaolty,    All attaapta to Wing the onHttra baok t@ 

active gaa produetion faitad iurl.«g. tbe nest SQ" dayi. 

TiiaraforaiK tba faedliag ©as again atopped^ t&a toaparatara 

of tti.<s tank mn itept at 8$^ r., *b* agitatioa of the taafc 

eoateats isaa aontlnuad a-t fi: otoateo o«t of ©v©rj $0 mta« 

Ilta8« aad tha emltera was allowad to •reat* for a parted 

of one weak* 



Piio.-k ■Flatifc W®m®Qtatio.D .EgparAgjQ.nts oHh Fresh 

Fsar .oa-at^..    Iiftor tktm ^rmt^ peri^i of oae ooek, ■t!i©F<3 

■Q-aQ tto apparent, deereaa^ In th# trolatil® aei«S «j-oiie#otrar*- 

ti#a«    It ©ai deified; at this tifa.e to ©@ki& a raiieal 

febaiag-© la th® rcjtitia©: aaaagoQeat ^f tbs forajimter aai i© 

©I©vat© tke teap-fcraittre IfitO'.-ttei.^ th'©mo|J&ilie rs-ag-e i© an- 

©ffort to r'(&*est.ai>liiB.h act its :$m- ^r&iu.©tl©ft..   fhla uag 

f©n© hy &x!t$p%_m@n%tn&i. ts^porarlij,. .tij-e- oaraal heating 

©;imt,m with th-e tit© &t \iv& &%#&& %& fering tfeg* t0tip©i*a-- 

t-are ^f the tank eoateats t© ISI'^ IP* 

At tliii® feigiit-r t^siperatwr©,  the daily gas pre--- 

■dis©tl<ati ©ei the: ^©'.liatil^ acid cdhCeatrat-iap .i*@ffi^in@i at 

a constant l#i?©l u^ill a-.£i©r tie SQth day (table jRPt- 

FigTsre 8).    Ifauediatisly after the 30th day the vo-latit® 

acids, begaia to drop rapidly and th© gas production to 

inoreaeo sharply,   Tbig indicated cloarly'that eondi* 

tiono: had feoeo®^ £a?0'r&hle for th& hreakdoan of acoaisu* 

lated volatile acids to amthaas and carhon dioxide.. 

Apparently this condition' had heen Indticed taorolyh^ 

changing the teaperat«r© frost -S^0' f. to ISi* F.    Sy th© 

34th day th© volatile acids had fallen feelow 100 p.p.©-. 

and the daily gas, production had elfehed to ©lightly 

over eight cuiie feet*    Thus, once again,  an actit© 

fereentation pas established and was ©uhsequently 
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.i&alAtai&eg at. effl^Ieat gaa proiuetioa for a period of 

■&llLgh%l$ over Otte aoutfe before the volatile scl^s again 

^.egaa to b«ild up enough to causo a. drop in ga© pro duo* 

'tion.    It is not' olear why t:h<i ©©thano»l>aoteria s^ouM 

•feeooaso aotivo in th© fac© of ih© Is-igh ooneontration of 

volatilo :aoiQ at t&o beginning of the €i3tpgr£ft®!xt* .jot 'l»e 

eU;PproBs®4 hy- a eonparativoly lou ©oaeeatratlon of Tola- 

tila aoids noar tie end of i^ls experiment.    It this time 

it unfortunately feecaa© ■neceessr^ to- cofapletoly shut down 

ih& fermeater and to aoiFe it to © plaoe of storage'for a 

period -of three- sonth®*   puring ibis tlm:e the tank [G&U- 

t'ent® -remained undisturbe*! at a rooo- temporatur® of 

approximate if $&* f.. 

,He*egtab.liahiaent. of Active ■Fefgfntatlo.n etifter ,a 

S.hut*do©n. Period. • ?his enf©rood interruption of experi* 

sental ©ork afforded an •opportunity to. deteruin© tko 

l.engtfei of time required to fering tho pilot piaat fea$& 

into aotive pro-duotlon after a ©hut*-do®tt period.   f&i& 

knowledge i© of tQTf practieai laportano© slnoe the 

Goaffioreial prooeseor often has periods of Interrupted 

production during ©hleti timi§ the source of raasto fnateriaX 

i-8 cut off. 

An shown in fafeie V,   the first 33 day© of I'jhieh 

are also illustrated graphically in Figure 9,  there was 
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FIGURE 9o     Anaerobic  Fermentation of Fresh Pear Waste  at  131® Fc 
OS 
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'tfoiatSl®   Frso^ P©ar     BSfl%""ls>f'o4!..    '  IfOg"'"" ife^J 

days p.p^r,. pound© ^a* ft. ^ ^ 
•0        f.o LSS   ' «* *,.»«»«.< #»0 «» «*:•«» «>■ 

i     t«© ISO '«» ^M«».^«a<. ■»!>«►•,«.! --#>«* A^* 

B        t.O m <<K o.ts *-*•»<••*» «*!*--■«» 

Z        7*0 %m ^ #.f4 41.0 
4       #.f> m$ 6 «*«« 56.1 
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tB        6.9 19? «*■ torn 4a.f 4f.0 
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m     €.9 ao !«» ' e.$l 41.2 M.^ 
§7         *«*• ls»»»rt. 'i<» .£.01 <».—-~»«> m,*,mi*i 

sa   '■ 7.0' w ^ &.0J» 44.0 $3.0 
8©      , '6*8 •       gl@: .       ft 9.2? ■41.4 SO.5 
£0        @»© giS6 ^ 10.8S. 4$»Z lao.o 
ai     -g.e 266 

«■ 
I0»8d m.n SO.S 

SS        £.7 fm ^ 10.18 4©.I 40.0 
sa     t.f ■gm '                            ^ 10.40 .. 40*4 47*0 
Sroak ls«r© of © day© dtirlng ^rlileh; nfr'ttobdinQ toofir pld.ee* 
Bit ©tfeoP 30ae!iti©K© r©ia-aia#€t tM ®Q®H» 
S4       7.0 tm t ■»Mm--m+l,< 37..S- 61.0 
S$        0.8 CSS # 7.67 •     4$.8; 46.0 
m     6.7 214 6 io.m m.i- m*§ 
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a© apparent lag' in rewoetablish&ng ©ctif© g^s pr^uetlon 

ajtt'sr ftormaX operating eoaditiafts. ^ere :r©s5aiie<3.    ffets- 

■e^periasiit v;as eoRtlauei for a p#rio# of apprdxiaately 

ti?^ ■saontte with t,&© saae plan, for c&ll€t©t,ing and tafea* 

lating &ata being n&e& a® wa^ followed In the previoisui 

©xperiaents*    one fault t© b©' noted in these data is the 

lacfe #f a uaif©r«if- constant rate ©f feeding*' 

Satptriift^Bte £|th. Coflttn&<ma P9a4t»6*   S-es^lt^ 

#f ©xperiiaents to date see® te indicate that the t>r.ealg» 

det/n ©f pear Eraste is #ie t^ the action of mixed attltur© 

of aicroorganingis in tkin w&$i    first, ©no groap of 

anaerobic barter la breaks doon the oarbohydrate raaterial 

into trarioue loser aloohol© am volatile aO'lds; ■©eoond, 

the aetfaane baoteria oonvert these aioohols and geldo to 

methane and E?ater«    The exaet aeehaai®^ of the .prodmotion. 

of methane i& still m&olved, but the role these aside 

play In thi© m^ehanlem is not merely academic (20* ^i)« 

iesult© of thesOi and ©ther CIS;,: 16,, la, 19),  esperiaents 

Olearly indicate thai toe high a oonoentration of these 

aoid© inhibits the action of the methane bacteria..    It 

some aoang were available to prevent their aoeumuiatlon 

above an arbitrary' vatiae ©f ©ay 1000 p.;p>sa>, then the 

effloienoy of the sethane fermentation ^ou-ld be improved* 
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OR© aetidi «f pr©^©©tiag thic &iu% <3mtm%?®* 

eoBtlmietits* or even an intoraitteat> f©®diiat gyst<&a In* 

©t©^ ©f I»«t6h fi5'©a|ni«   By tlifte jaeih#g.,  it t^as kQp$& . 

that a fealam© of feddl&gr e@sW: *« ©st«bJ4eti«d t#- nafe© 

posstbid tli© ferea^&oa of ttase- lot^di* dlootiolt and folatll© 

aeid© t© aaiband, oarfe^m di$K£6e» aai watar si the sa©@ 

rate at syfeie^ tiess lnt&F6t«4i*$0 pr@a^ets wer© H^rme^* 

fs© of e«>tittu©y©» mioe? f@©ilisg sa© filled out a» isp.r^- 

ttc!a%2# In vieo ot th© vary SMII. .fisottnts of pear i^aata 

fl»&©«earjr on a SA-hoar ■ojrela* 

f6©r©f©f©, oonsSt-eratel® effort mni tiiao^tr^ 

#KpQr54©a In the att^fflpt to 4#©i§a and constfttei a'slapi© 

Iteedlnft aafrtiattifits that -Go^'lfl iatrod«©o %tt« wstO: $gtarlaX 

into tft© tank at a. slow,  Inlarialttaat rate*    Til* 'ass of 

this davloa- CFtgnar^ 6) rsstsltei In -an isap^oWtaofit of the 

facing systasj tlta ®8©h.@R$ii%. feoei^er,. wae'^os^s^nt oi** 

ratlc in operation.    In atiltion to feeding isloBly. csaS 

Intamittantlsr» this -ftao .©ys.t©s also a life- ist pra!»@ntln9 

looaiIts'©4 -apisaa of M-gt* aoid ttonoontratlofi ^ Introdwo- 

lag t&© raw- fs^^ Into tba tanft tls.i'o^th ttst ^Ireialatioft 

efstea Clnstaad «f dtrsetly into tho tat^># tli$rat>jr isa* 

aultlag in tha taraiadiata wlxtng*: teaffaring, and ^Ming- 

af tba raw material witfe t&O- aotiir© oMltur©*   W® data- 

for this 03cperlffl©iit 1© swaaris©!. In fable ?t. 
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A»a.t-rob'ie- ■Ferffl^atatlon ©-f J?r$®h-: Pear Waeto- at ISX^ F« 
Aute^atie* &t®m^iitea% feeding. 
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t*t0 4S.0 30.1 
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t.at **N*«lf 
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.|l»'tS 31.3 33.3 
f .Si 33^.^ 44. 4 
*r.m 40.,t •63.0 
'i.f§ 3S.t »«.«»«> 
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.'••«»«^«»; *■>.•».«»*» *<»«»••■ 
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in 
pE   t®lstilt   Freeh Fear 

©a© jPro^uett'i^n. 

ea* n. 
6 .ta 
»- >dd 
'« .i© 
6. .70 
a .90 
* •0^ 
e. ►TO 

44.§ 40.S 
44.8 4&»3 
4^.0 4@.4 
4f.4 4^.© 

4?.4   ft$«0 
4i.0  si...s 

« P©r ©feat tsjr trdltse^^ 



(fa&l© 21 fr Figtir© ll) ,IS»9 p^fM's- of .4ri©d psar ©ast^ 

period of IT dajf© t/it&. til© iroiuetions ©f 4-5.8 e«%ie f©tt 

of gas.    fh® aferago setteft^ oo^tottt of; %fai& g&e pae t;3#0 

per &m% W ^©tos^1* ^feiofe. ^es -smohi- felsh^r t^aa for aisg ©f 

tte later ^?p#rl8i^R.;ti.    Beeaias-© of ■© laok o;f §a© coileo* 

tors of pufflqitst siS'e,   It xjaa  lapo-SsIM® to- obtaia th@ 

inse- eirsrag© ¥alw©s fo^r tk© total gas pro duo od ^Taring ©ay 

■©£ t&e fi^ro exp^finmsts.    fixes & values., ilk era for©»  ar© 

tSi© ©^©rag&o ef til© ^aily aaalyees ssad© ©n :half**lli©r 

e©apl©s.    fh©'ro %&& & gradual inereas©. in gm® produetloss 

to o raaxlPKfs of S.8 oi^le fe©t per day on til© lO'ib day., 

fixep^aftor*  t&®- ga® pr©d-uot.io« pr^tlcaily o©aa©d,  giviiig 

tfe-o «©aip@ratlf®ly- loo vaim© of :i*'l embie f#<st -of .gas for 

eseh p©»ad of nsterlal fM diaring th© foraoatatioji perisd. 

Xa t-&© s^eood i&xp®r-lm®% (faBl© ill* Fli«r^ f) 

98*5 peimdle of drfiei pear gasto (f®.@ ^otand^ Sty ©^Iglat) 

uor© ftsd o?©'r th© much. %on$mr period of %®Q dety©» psriag 

tlii© iSs® 6fS,? cmfeia' f§©t' '#f gisa t?©r.© prc>4fev©#d,. ^fermg*- 

log, €1.3 per ©aat oarfeoa dioxide and 51.9 per -cent 

»iStSiafl(S,. fhis shows © r<sdttc.tioft of' meiliso*© oofitoftlj. btjt 

tit© total. ,ga^ productioti ro^e frota tfe© pr^^iou© -S.I' ^a^l-^ 



feei of gas po®* pQvm$. tto-'fiXGufolQ .fe©t of gas f#r ®mh 

fwmQ '©f aaterial. {^s^ t7@ig^}', ^©re t?as © slimrp peafe 

fa ^tas prodiietioa tie.ar $M .IM& aay ta tt©arl|r 14 ©la^it 

tootfeer iaiM»©«»a0 in §©§ prcutac^lon %a ®h®m■tiv® vvfotfi 

ihrougb the JJ.t^tt €af.. •'   ■   • 

tem^rrature of ferasRtat.io« atidi iJie ©©tabli^Meaf of 

#r©aa© irs tljo tstai .up© <proimetl^n p^r po^&d &f aatcrla-l 

fei OR a dtrj? ©^tgfei %4iis*    fte '«<»aipoaitl9il of t>is.e gas, 

feooGirer.,. reaaisssS ©ssestlaliy the' gaa© as f^r ©acporlis^qta 

clili, 4r'i©d p©ar w^s^t '&% &$® 'f» ' ' ' 

pounds of fratsfci ©asts <95..4 f&tsiiis dr3r v^igfeii) ptfoduooS e 

total of 4S8.? ^ti^Xft fet.t a£ i@ef wlik a© a^rag© oosqpdel*' 

tloa of 4i.l ptr egftt fearlr^B -<f2osS49 an4 4©»S f©r ©eat 

QS^hano*   fh* total s«a prodtt«tioa for tfoo too^ostii 

psrioi i?^0 lf»S: oiftftiG Jteei p&r pmwi of dry arterial, 

sfeioii, oa$. th9 fci^Haat: for any of tho -fi*<3 was. 

la f2|)©:rlw©'at lonr'tteblo V» Figure'#>,. > t®tal 

of 231 POQBUS freak imst# {f&*i £>ottQ& 4jy czoisHt) wero 

f@# d^rieig © tuo^saoRt^ p^rlo-fi t© pt*odtr©.© 4i®.S> ot^te f©©t 



m 
ei gos.    this ga© attreg^i 4S*© p©r emit, earfeea eJissiii© 

and Bi,i per «st^ aetfton**   Th© prodaetten of 10*t' ®$!bi® 

tB«% of gae psr ^®ii»^ ©f dry material «a« alig&tiy under 

tlmt ©f tlie praTtoua ©Kporitaent.,    OarlflS tlie first &ae& 

of tliis ©xptriraeat,-,, ^aiiy li@lf*l|t©r sasp'lte af ^ha'calU-* 

agitated tanlE eoateats Q#r# ©iihiriafm for th@ ipllmim 

aaal^s©.®., 'the reetslts of xihlGh. are ta|tiBI©tM; la fal&l'# VII: 

pM, t&latila aelds^ $el|dft» aslit ^afboti». er^aal^ 

fSCIilia^l) siitroge^ft.  r^d'solag sixgare* aai 0,0*&a    Tfefr 

iaittal fresfe pear uaste ©aal^aei S$.,OQO^ p.p.a. .reducing 

gagar (d^plidat© ©ne-graa aaaiplaa averaged ©S ©g. ea@ar>* 

,      'fMMfll' ■   - 

■«t-ij^j».- >   JWMI .1.1   mi ■.muni ii"«i.i 'in1  !. r,       —i--i  .. I.I  i) ,. i    «  | ■        i..,m..   i-      ■   -fii'    ,i. ,■ ..I.I  if irMM«ii«t/».-;»» i—ar..^.. j«_.. 

S©mpi$' f Plata 1$ Soltdg Aeh Carbon Bitrofm Sugar© B.O.S. 
MM® 

'Wm^~   mMl ' 1''' %  MiksS,. 
JSSHU 

2 itcj-   i.as 0.44 s>ms 
a loo,    'iai-$-0,4l-a-»a4f 
4 tiS.     &+m   6..40 4,040 

? tm    1,04 .3.4© Spido 
a ais    i.n  0.4s 4,204 

Avo. M§      1.15   #*4^ S*Sia ill 46        ©^ 

S'S4 '   f0 ns 
328 cii T?& 
~3S5 &' Mm 
«4i   . ' m Mm 
'SS0 m &m 
^fo m two 
aw- «*«* ©09 
284 ;8CJ0 



m 
ffes- 4kat@ Ift fabl© ¥lt shmm that tho iatife- eda*- 

teats r^ttaiaed rointtv^ly i&tabXs iarteg f0i^ea%&^l.oii,   - 

fh* av'©ra.g& five-rffay 3B»pf S... ^f 04f P'»p.s.- Is i®^ -III n 

m®%% p#r$ to tfitte-reelduol satyrs and largely $#■ ©tfeer' 

r&adiJty m%MmM® &*&&&%&%%<>& %y^redG©4©..  ' ffc© total 

so life ft. IS p-sr m®&} mlmm thm uM (&,%$ pvt iftfini) 

'3,gia p.p.a. #arlb®a* tfttefe mnl® hm& & %'fe©.©r@tieal> 

ultiiiiat© i.0'»Bu. «aX«Br of app-.r^aEte^.teJj SOOO f.pia.   TM 

4%ti.®rmm botwQess tfet©. 9000' B:»©..0» iraXtio safi tte ttvo- 

fley i;.0,t, ^alu© is i^o to reeista^t ©ate-rlala ©safe -as 

itgaia.    ItigniUi ©xarte an ©}ttr©a#ly ©1@TJ S^o*®* r«prea«nt* 

Sag QB ae^mffl^latt'g,@ 'tet prdba&lf ttsi^tdnalQabld poStlutioa 

©ff'©#t# the s£gnifieaaa« ©f tj^lola te «ontrov$f«ial a.ai 

largely wtoam. ; 

fho resalt© of the %&*& mp®rtm®& Cfafeie ft) 

ar© ©ss©atlali|' th# s»© »©■ f«F tfe© to© p.r®irioti# OP©S 

{tmi®® If' ana f),.. Itx tM Isi^t ^espitrlaisntf lii' poonde df 

fresh wast© ('ti.2: pcfms'l© (try osd^ht) war® f©a daring a . 

porioa of 4® 4laye .to profile® 0f @»€ enfoi©- £ set of gag.    in 

ofciiposltioa,  this,gas m®¥®:$®& 46«0 F©r cent 6jtFbo.n..$2©xi«L© 

and.A9»& par cent mtfimm*   ftje gas prodtafttioa .^r®p^#€ 

alightly to 9.8 oubio feet per p®u®& of po^r uaato.'(4tiy 

^ haste). 
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sumsaarlg©! its. Ifable Itttt* 

tmiM nil 

OF PH&t tmsfs 

fable 'Ma©t© Aai@4: 

'IF 

ill 

v 

Bry tJe'S^t   6tt* ft*   ^u;-.. £$• &-®G,Q®mp+® 

.©: ll)© • 

©0.S tbe* 
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sod it>s.' 

14.6 lbp.  45.gG .$•1      -l?,© • ?3.@ 

231 Ifeo. 
PSrefth 

.& Ife®* M^•'?.$:       ?.;t     41 •&   Sl*9 

3S.4 lbs.   468.68      13.S      45*1    4C.S 

.39*3 lbs. 419.$3      10.7      4.5*0    51*1 

l^S:.      ga*8 lbs* 27i:*:0S.       9*6      46*$.   49*9 

""•-•;''*" '■]**r'!-tft*"^ agy^NiT»aJirKriMyicT'iL'iiMr'w<.irTtf»«ai 

^ ftiis .gs© ^©sipdsltioa a^©rag'a is t&§ a^arage vals© ©f 
tHe ^al'l^ sataplee collated,  ov-0.r ©©i^ified briae,-  frmi 
the iaok for gsg cmal^sls. 

®%z$ 0®at.a|Es©4 mi av^rag# of 8'$- per ©.©at aoisfcwrs (23)• 

feHK^ j^ot '<e©rr@<stM to etasdarfi conditions* 



fhe ©ib4(3^^^^m 0^ ^^iB' s^®% fcav©» to. a -Urge 

03:%©iatt, tee a acb.le7i^l*    ffei tutoolodga galasi frota tii© pre* 

Xtaiswrgr laboratory ftra-eafeatio^S' iftttiatefl ^j llt-raia (W) 

aii$ «'ogi>pI©t@.i fey feaabreebt '(40) a©r?ei as a ^asls for t&© 

4#$igR of a 180 gallan cffl^er&isdbtfil pil©% plaal.    ftii© 

pilo;i plmat; oas eenstnrettti tilth ptafti&lvn for atttoadite* 

intemttt-ent, rweral^le oirc^latlou ®'f ooat^Bts;;- m%&~ 

aatl© temperature, controls  teio%   iat©raittant t®®3&togz 

co«tiaiao»s @at ia#as^r@3©at:} an6 ■olttifira^al of dltostoi 

■aaterlsl tbmmgh a"trapp©a 0:i7©rfl#i7. 

five experiasfttai twa®* mzZ®n@im§ ©v©r abonat 

©jfif j©ar*'© tia©,, 9@r© '©.onduotsd fey us© of ibe pilot plant 

for the purpose of ©fetaiateg ilia folio©lag; 41ata: pl# 

¥olatll© acids, total ta® pfodtsc^d* eo»posit.|#|i of thB 

$m prodacai't SBS of tfjs 4i@.ost#dl roel-toe. 

f&0 results o^talUBi oh©a tlio pilot plant ©am 

first pat into Qpttratief) agreei. elosdl^ with tboeo ttmA 

m a laboratory baQl©.    tte- th© thr«« presllniaarf .feraonta^- 

tioit ruiag- oQQ<9uet0d by tafsjferoolst. t%©. voluste of ias per 

pmm Q£ !&aate (4ry wfeiilit) m& &•% B*Qf and f .6 eafeic 

fe©tr r©sp©otiT©ij.    % oomparisoa*  tho restalt ©f tho 

pilot plant ©xperttiorit, eonduftted ov$r a period of 1B0 

days and aia© tttilldinf dried p©6r oasta* tJaa ?•! onble 



Jteet ©f m® per p<mi& of \7m%®»    Aa in readily ©-©<&&, the 

mQW&t of &&© pr©4aoe4 o© a pilot plant ©ieaif coiaparei 

elesely to that «l>taiiM»d Sti tte Laboratory. 

§&© ehsisg-© In'fAmentatiob from Bt &®gtmB 

Fabreafeelt to 131 a©gr#@s fsskrenfieit ®ai tfee iutroimctioft 

©f it&Bh v&etsd a© tte «ttl>8trate la tft© last t&r©©- esperi- 

senta eauegji an inereas© la t&© to^ftl e«® prodttfttida ta 

13*3,  IO,ft! ©n.d t.t ^mbl© feet* r0«tp'6otivel7« 

file «6i$>ejsHioA *f tfee ii^iistei aaierlal ^:<3!©aei 

to r^sain ^aito ©table at aft average of l.ls^ solids,  •^ 

mh, S,SSa p.p.©. oarbdfi, 311 p.p.m. fttttt>ge&t 46 p.p.si, 

radnelng ©tiggir©, aaSL :84t |>»p*i»* E.O.S. 

dise© the pilot plant ime put into- oparatlon and 

an aetive ©ulttir© b^ilt nap,   it %/&.& am eaay to operate- as 

the saall- lahoratory fersj^atatso-n had bo em    It was tmnd 

that the f©meatQti©ft e-o^ld bo iaterrupte-S for period® of 

«eiraral montha amfl' re-isitiatefi uith very littl© lag. 

The Qiiero**flovsa ^ms variedf bmt reataioad qmlt® 

eoastant as to org^lfi®® foaafi OKS the ®t.&insd ©Hies, 

ffeese organism© oonsistti of both loag and nfiort Oraa^ 

aasative rois-* §-r@fa.*U'0gatiw# eoeei* and ©rafij-pog'iilir© 

©treptooooo-i.- 

fh© ®to® products of ill® fe-m@atatl©a r&mismM 

fairly eo-asiatant at appFoximatGly 4S?f ©arbo'a- d.ioxfld$ 



m& M$ oaitao.   thin §m hm a tttet v&Tm #t SBO &•¥«?« 

t7i%^ fear um%® 9tu>vt prmim ef a metliei ## il@sp@ml 

tte% cwi w%h €i®f@M0 ^ith. in© iis«©sgit^ ## dut^lf^ 

iwitrdft%«A «-(5iin«^r m«io$ i&to s*ro«Bi» and r®^M#© its© 
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