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SUMMARJ 

The anaeroblo contact proc•• o•er the yea hae been found 
etfeetlve tor the treatm•nt of meat work n te water . The proo•• 
ia • ad• po ible ~y separating the eludg• eolida , after whiob 

nec•••ar~ amounts of the oonc•ntrat•d •l~dse ue returnod to the 
digester . 6ludp roo1rculation prolong• eolid ntention ,1• e iD 
the clipster . Unfortu tel1 , ho••••r , eludge aoparatlon by 

gravitational aecliaentatlon :l al.moot iapoaaible beoauee the 
sluclge tende to riae with the contlnuoua ga eiq. fho,efore 
\roatment of the aludge nepeuion prior to ••diaentatton la 

neoeaeary tor ettectin solid eoparat1on, and •aouwa and aon\• 

ion do ••i t1oation are two o on method• u .. d tor aluda• aua• 
peneion pretreatmoat . 

ln tho proeen\ atucly , it wu fouu that the rate• of 
aeration ot 0. 15 to 1. 0 VVM (0 . 12 to 0 . 16 ou . tt . ot air per 
gallon of l'llix•d liquor per minute) were optical for aeration 

dega itioation. Th••• aeration rate• were not only fou.nd auff• 

ioient to eeparat• the gasoe from the aluds- aolida but alao to 
etop gu production dl.lring gravitational aedillentation. They 

aleo s••• '8tter plqalcal noocnalatioa, i • proYina th• aAld 

reduotion of ~ila4U"7 p ticl•• in tho effluent by UJ to 55 per 
oent . 

Ia aeration 4ega itication, th• air exert• toxic •ftecte on 
t~ aDafl"oblo t,eoteri , and tble toxicity ha• ctieoouragecl SA.DJ' 

people fl'OII ue1ng aeration uauitlcation tor the ntreatll• t 
ot alu • n•penaiOD fore H4laentatf.o . Th• reaulta h'OII 

thla •' y indicate t •1th he aeration••'-• of 0. 12 cu. tt . 
(,v pll.oa per alate) tor,, alma\M , t • nd110,t.0r& of th• 

«•111 sa• o uce4 ••• Dl.7 '"• The ••a-all reduoUo ot au 
•u , . , U.tr•• (p•• kl• MLS . 1r.g, C01> Loah4) per da7 to~ •""7 

10 a /litN of oqaen a aorbea (oal ula'-4 t..- nlpJdte cud.da• 

tton clak la • aiailu •7•1 ) • 

,ua,1oa •• ao, to d to •ff Ht the ooapoei U , 
which flN 6,-?0 ,.r • t .. tlwle aa4 ,,-,o pu •••t •• 

atfeo\e4 • paltel" of SU f a,t f 

urat-4, • laa u ok•n• 



ot on• hcnu- tor aer tlon at 0. 12 cu.ft . of air (per gallon p•r 
minute) over 1S ainutea . 

After 22.5 hove digea,1on of aerated alu4ge auepenaion, 
increaNa in effluent COD and volatile tatty ao1da Nre to~ . 

'l'h•r• ••• n inc:reue ln COD by ; . 6 ppm tor•• ry 10 eg/1.itn ot 
oxygen absorbed into th• aludp auaponaion. Total volatile ao14a 
1aoreaee4 by 15 per cent (tor the aparging of 0 . 12 cu. rt . of air 
per gallon per 1nute over 15 • inut••> • 

The ettecta of air or oxyg•n on the perfol"tllance of the 
anaerobic aludge oultW'e were tlitferent from tboee of the 
oh ioal inhibit.ors euoh a homiaoet1l of etaroh and chloral 
(Bae) and oarbon tetra.chloride (cc14) . Oxygen had a dir•ot aotS.011 

on the anaerobe• which ••r• probably killed or lnaotl•ated , depend• 

log upon the1.r aeuitivit7 to air. In oontrut, th• chemical 
illhlbitore (HSC CCl .. ) Mleotively inhibited methane bacteria. 
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I JU89PR9'1'J9! 

Anaerobto treat.eat le a proe••• wbieh baa l>e•n vud 
eateuiYely f•r ih• etabillaa\ion of a\nag bi lo oall7 degra4a~l• 

orpaie ••••• • at.rial•• Thia proo••• 1• o011110Dl7 •••4 tor 
eta,111u,1oa of raw ••••g• •1•4,. or the alu4ge produced from 
aer-eblc t,eata•n, pro•••••• Aaaerobie digeation baa ale been 
ao4ltle4 an4 applln to th.• treat.eat of eoae atrona 1n iaatrial 

•••'••• nch u • eat worke waat••• Oae auch proceN la •imilar 
to the acti••••• eludp prooeaa aa4 ia oOJmolll.7 mowa u the 
aaaeroblo ooa ot proo.-•• • 

Aa ••-•tal featue et Uut aueroble eoataot •r••• la \hat 
an apJ)l"eoiabl• uftllt of tu aluclp 1••• oell• ln \he etnueat 
i• conoentrat-4 an4 reoyoled ,o ,he hnd of the.,., .. where it 
1• mind with the laooaing •••t• waur. In \hie wa7, Kiraoh aa4 

Syk•• (2) reported, a high 1•••1 of ••11• i• retained in the 
•1•t•, and the hydra"1io r•t•ntion \iae oan l>e ahorte1uHI to the 

eoonoaical 1•"1 of apprcnd.mately '-12 Jloura. Thla -,at• 1• 
aiallar to uroblo aot1Yate4 alu4 .. JJl"Ot••• and hu been ottera 

referred to •• \be anaerobic ac\l ••'" al•da• proo••• • Tb• 

a,at• eaa i.. abon di•P"-tlo.U1 •• la rt.cu• 1. 

fh• applloa\loa of aaau-o'blo oon\ao\ pr•••• \o th• \Nat• 

••n\ ot 4lffereA\ t7pea of f.a4uatrlal •••tea b.u lHten nm• al'iaecl 

by Ur••ll ud liJk•• (2) u ahon ia 'laltle I. 

flle aaaerobi• ••••••• proeua It.a•--•• a\11ctiecl la-• detail 
b7 tile •••t.fa•lda, ia4••Vf• the tirn •1•47 wu WMlertak•n 3uat 
oa a pilot-Malt kale a, U&e ... • • llo....U I Co. plut• ltan., 
11D4er 111• Ul'fftioa of ••J• Ml• (J) la 1"'8.- fll• reMllta fl'OII 

'11• priaarJ ·-- ••n ,..... ...... - , ....... i.,. •• , Oil pllot-
aoal• - eoaU• .. 1tJ khnepta aa4 •---•rke•• (') <,> ( ). 

'Ille 4a\a ••tatut ~, hlleD (J> uoept..- •• al. (It)<,> 
(6) "" lalU appli .. '° Ill• ....... a · ,....u. ... , , • flall-

.. a1. be••••• uta tu ... t paolda1 nn•• •• ill• WUaoa aa4 
o•el ,iaata at Ultert Lea u4 Auti•• MiaMN\a4' Latu a 

ai• U.u pl.di-.. blail\ w INat \be ... , .. Ina lbe Agu aokla, 

C••• ia •••-•• llUaot.a. 

l 



MIXING ___ .f H4+C02 

SEDIMENTATION TANK 

INFLUENT (Q,S) MIXED LIQUOR EFFLUENT (Q,s) 

DIGESTER 

SLUDGE RETURN WASTE ORGANISMS 

l:::.M/l:::.T 

FIGURE 1. A SCHEMATIC DIAGRAM OF ANAEROBIC CONTACT PROCESS 
[After McCarty, P.L. (1 ).] 
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.o.n. 

De,entlon Prooeu Loa41q Per .. , 
·••t• Title !l•J· Raw Waa\e llh BOJ) 

(cla,•> (ag/1) 
, 

r•eYal ( , f\.4a,. 

Naiae e\areh ,., 1, ,.aao 0.110 88 
Whlake7 cllat. ,.a 92 1.s.000 0.2,0 '' Cot ton Id ert.ag 1., 86 1,600 0.01, 67 
Oitna 1.:, 92 4,6oo o.211t 87 
BNwery 2., - ,,,oo 0.121 96 
Starch-gluten ).8 '' 11+,000• 0.1w 80• 
Wlne 2.0 92 2:,,400• 0.1,0• .,. 
1 ... , 2.0 92 11,,00• ().372• ,,. 
MoluM8 ,.a 92 ,2,100• 0.51+6• ,,. 
Mea, paokia1 1., 92 2,000 0.1,0 ,,. 
••• , paokiaa o., 92 ,.,ao o.,,, 91• 
J'nlt oaaniq 0.18 a:, loo 0.18- ,0-10 o.,, 

• folatS.1• Hli4a lu\ea4 of .o.J). 

(AftDt Ureeh .a4 SJk••• (2).) 



!he Water Pollution lleeearoh Laborator7 in En.gland alM 

oarrte4 oul labo,ator, aad pilot-aule ia•••tl1atiou oa th• 
anaero-ic 4lgeation ot • eat•••'••• Thie reaul,H la the 
oonstnotion oft• anaerobic treataent pluta1 ••• la Northern 
Irelall4 aa4 the other lD DeYOll (?). 

The aajor o,.ratlag problem tor th1• type of plant le o1id 

••paratloa. <laeiag of the el.uda• aoliu cluing ••dillentati.011 
often oau••• poor ao114 eeparaUoa 4ue to eludse rieiag. 
DegulfioatlOA p!'lor to ae4illea\atlon baa been Nportecl to 

l•PI'••• elu41• ••p&J'a\lon. HoweYff, the ••aaaitiera • uat be 

taken oar• ot1 oce...S.oaal falluea of the degaalfl•r• eoald 
r•Alt ia the pro•••• waalliag-o11t. Thia prolll• i• quit• 
oritt•al hea•M the aoli4 ooa\eat will a.tfeet Ule Terell 

eftlolenoy of the proo•••• Accordiq \o De•••4 (?) the aue­
peade4 aoli4 in the "111-eoue plant• Npol'\ecl above ooal.4 u•er 
be aalntaiaN alto•• 10,000 ag/).. J>ullap• 4ue to this 4ifflculty 

no full Male aaaerobio contact proo••• haa b••n built •inee 
1962 (7). 

E••n though the pl'0"1•• t eoU.4 e•paratlon i • •o critical 

for thle tn• of••••• treatment, aot •~ch atu4y ha• beea done 
to eol•• the probl• • A renew of all the poaelblo ••thod• of 

eol14 aepvaU.oa ••re report.4 b7 Steffen an4 Betker (8). TheJ 

inelu4ea ••••• 4eaaaltleation, 4epeifloation b7 auatioa, aa4 

air tlotatloa. V•••• 4epalfloatioa hu beea .uoeaatull7 
applied to "-• operaU.on of th• tul.1-eeale plan\ at All>ert L••• 
while aeration le un4 at Auatln la place ot ••••• 4•c••1floation. 
For air notation, , • applioatin •• the 11111-Nale plut Ila• 

aot HD nportd. 

Aaoq all ,b.e peaetltl• aetho4•• teft•• an4 hdker (8) 
ooao>.u4e4 tllat nou• 4epdlleatloa i• tile • oat ffO •lcal aa4 

pno,leal aetho4 of pNOoiq paYiQ •• uatioa •f the anaenbie 
.. u ••• fnll '11• ....-1• potat I ri••· ...... ••1utfteatt•• 
f.a aot ta...,.bl• u4 eo ura,toa upaitleaUoa l• ta-.ove4 la 

ltn l•alaa4 (9) • It bu Mft atoptd w aolft ..U4• aepal"a,ioa 
pn'1•• of ..,_ auen,te igeater at tile M Nft Neal ackad .. 
plut at lloeren, n zealu4. leei4•• tile ooa\, ,u perte.Nu .. 
t.a •uil7 u~let to ftrialiaU la fl. .. aa4 ._ olloaot•• •f 
., ... u •• 

3 



Un4er aa117 eiro'Wlatanoe• untio 4e1uifioa,toa ehoul.4 be 
oouidel'ff ••an •tllut• to ftou• 4egaalfioation. Bo••••r 
at preaeat, ••r1 little lntonatloa couernlnc it• aeoha 1• aa4 

c1 .. 1p la aYailal>l•• l, 1• eaat.4er-4 h•r• that the •"147 oa 

aeratloa 4epaltt.oatloa l• wor\hwbil• to lapro•• anaerobic contact 
pnc••• teohnolog,. 

Th• obj•ot• or tld.a atv.cty are th•r•f~•• 

(l) To obaene th• noonlatioa oharaoteriatio• in •h• aeration 

baai la tena of na,.a4M aol.14.e r•o•al, relating th•" 

to rat•• aad ti••• of. ••ratln. 

(2) fo oltaerft, ant ••aluate, pa tonatloA oharao\erieUoe1 

tb• ratte of a•• fonattoa an4 the 1u ••J>O•itio•• 

(') To eftl.ute the pr ••• perfonanee ill ~Na of oll•laal 

--,pa 4 .... 4 r-«• tion, an4 pl"041l tlo11 of total •olatile 
aoi4a, •• well u ladindual Tolatlle ta\t7 aclu 
,roc1 •• ,, ••• 

,. 



11 LITPAJ'UR m1• 

•• ADATJP! oa AJR•SffiIPPJNG pEGA§lFICATJOff 
Ver1 littl• i toraa\toa 1• ••allabl• oa thi• operation and 

deaign ot aeratioa 4eg..tftoation. the onlr publiahe4 infona,­

ioa anil•b1• i• that report-4 \7 Di•t• et al (lo), Steffen aa4 

Bedker (8) aad Ruda aad Cooper (9). 

The pu"J>OH of aeration is quit• •i•ilar t.o tha t ot ncuu 
degaeifleatlea •h1ch la to acnb th• gae froa the aolid partial•• 
eo that th• alu4p oan ••ttl• clown readily 1n tbe ••dl• enbif.u 
tank. With ••J'a,1oa, ,he dia••t•r etnaeat ia ~ae4 \ucnlgb a 

tau •h•r• 4itf'llu4 air la Nl••••4 through tile••••• • aterial 
to eorub or at.r-waeh the aa• froa the ao114 par,tol•• (Dl•t• •• 
al (10 )) • 

Steffen an4 h4lr.er (8), in their pilot•n•l• etu4y• reported 

that about 0.1 ou.tt. of air wu re,uire4 per gallon of mixed 

liquor, an4 the detention the wae 8-10 mint••• 

A higher aeration rate and ahorter clelentioa ti.11• ••r• 

reported 1>7 Ran4e ud CooJv (9). The7 4•outrate4 tha\ the 
• oat euoo•••M concllUoaa tor uraUoa deguitlcation ••• 
ol>talaed -Y ulna ,.15 ,-1 pnaftl"e •• th• flow r••• o.,6-o.J? 
ou.tt. of air per gallon of • ixe4 liq•••• ft• llqu14 4etea\ioa 

ti••••• ••,on•• io be 1.1. almat••• 

Stettea u4 iledQr ( 8) t ut that aeniiea dU •o••••• 
ful.11 r•••• tile • elhane u4 •n••• eulton 4iod.4e ••"•• 
••••••r, u iapn•a••' la al.up •oaceau-auoa waa la4loated. 
Oa Ila• o\ •r lwlA, llu4a di Coope• (9) ehoN4 tut avatioa 
i • tJl'Oft4 eleqe NIU•••'• ••~•,toa al.o lalM.t•• releneatat• 
loa for• nffteieat \111• \o a11 .. th• ""°•al of \be NtUe4 
.i.114p. 

•• ADA!lOp ngcopLAtIOI 11 Ulj . tu 
Hl'••l"1l7t tl••ftlaUu ,... ...... aN eouicl•i-e4 

.. .,...._,., u4•• lll'•waiaa •ouoa. 1 ....... tln, u4 '-r'-1••• 
11 .. ••ata... • •a-11 tJle ri•• ot 11Me-1a\1oa ldutf.•• ••n 
4nelo,-4 to •ape•• De oolll..,. fr• •• l•• u4a INmaiaa 

, 



ao,lon aad l•laar flow, and the elauic noooulation theor1•• 
for espreeeloa ot aggr•ption ia theM two ngiaea ••r• 4•••lope4 
by S.oluoboweld (11, 12) in 1915. Lat•r• the th.01'7 of th• 

aggregat1oa 4•••lope4 ~1 Scol~ehoweki hub••• a4op,e4 to eapr••• 
the tloooula\lon ohuaoterietioa la tvlnalent regiou. 

c .. , an4 Stda <1,> ••r• tb• flret to r•alise that for 
praotioal reaeou tul"lnuent tlooeulation wae of ataoet lm,ortano• 

ia water •r••••••• They generalized S.oluoheweki'• equation lo 
iulude taroulent now eond1,1ona b7 4etiaing a root aean aquar• 
(I'll•) NlooilJ gra4teat, G, whieh th•y nbettt11\e4 for tile well• 

4efinect ••loolt7 lf'••t•nt eaiatlng ln lulaar now. Later, 
noooulatioa kiutto• la •t•r treatae11-t nre cu-eflallJ awdiecl 

bf Ars••• aad. latataaa (14, 1,>. Xut•a4 of a4opUDa the ten 
root ••an aquue ••loolty theJ ea,r••••4 a tlU"hleal nuid in 
teraa ot a tul"Wl•nce en•l"U a,.o,rwa. 

Puk•r (16) aa4 Parker et al (17) haft reoeatly 4•••lope4 
th• •••raU noooulation. kinetioa in tile actlfttri al.114.ce proc•••• 
Their fiHoulatioa ao4el ••• alao baaed on Smoluohowak1'• claaeioal 
equattoa with tbe incorporation of a ,11rltul.ent tu.notion callN 

e4d.7 aoal••• 

Pull..- (16) ci..oaetnte4 that luge-aeale eaerg-oontainiaa 

e4U••• u4 •••n the •••r11 la tile a1u-oeoale reef.on, ue not 
reapou1,1e for n.oo -r•u-up and tloc•tona,1on, b•caue ••r1 
•al.1 MOllllta of en•J'O are 41••ipa ted h'oa th••• In r•at•••• 
Tile klae\ie• ot tloonlatloa anct floe 'bnaking ••r• aaau-4 to lte 

baNd nlelJ oa tile nqe of e441ff tene4 tll• "wd••real 

~lt.briu raap"• fhla rua• hu IJMa l\u''h•• 41Ti4•4 lato a 

lo• eclclJ•n•• ••Ii••• "th• Yi.•••"• d.ieaipaH.oa eu raage", aa4 a 
large~ .aa, .. l•• Nii••• Ille "laertial •••••otloa nbnace"• 

fll• ••tba•U•al ••lattoautpa qpreuiaa the o••rall pr•••• 
of 1100..iau.a f.a '1lr"'1••• repoa erl• .. '7 Paru• (16) ean be 
.... u1... •• ,.u ... , 

..... 
•• 1 

•• 
~ 1 

• 

• 
1 • IA X G l' 

1+i,!oa"t 
1 

tall•••• ••••• .. •••s.oa ot priau, ,ant•l••• 
ac/l 

' 



.1 
1 • 

X • 
f • 
• • 
x, •. 
'• • 
G • 

• 
• 
• 

,u • 

c. 

tttl~••t &ad naotor ooaoenva,ion t pri• A!'7 
par\lol••• ag/1 

•l••d liquor ••»•114-4 aolid• (MLSS), •s/1 
••an ~•ulio r••14•••• Ua• 
a theore\1oal eenata.nt • 2 

•1..-aat1oa rate •••ffi•l••• 
noo •r•aki rate coettioieat 
Na Teloolty IJ'&4ieat, ••o•1 

uat, aia- nppl.7, ou.tt./aeo/ou.tt • 
l.1qui4 apeoifle weight, 1 •/ou..tt • 
difha•• 4ep\b 1 ft • 

Tiuoal\7, lbtaltf• 
ft2 

lnitially the ooaplex orgulo eo114a ue attacked by bacterial 

extracelllllar •e•111••• Th••• aoaplea • ateriala will M hydroly&e4 
to aillpl• aoluble coapoun4a wb.ioh the aicroorgaai•• can utiliH. 

The oell~l••• ad etuch•• are hJ roly&ed to aiaple eugue, while 
t • proteia• ar• broken 4own \o aalno ao14a. OA17 th• tatt7 aei4• 

are aot a\taekn b7 th••• extn elllll.u ••111••• The J4nl7aff 
ooapo11n.4e ue • ta 11••4 leadlq to the fol"llatlOll of ol'aaaio 
acid• a.ad other en4 pl'oclucl•• Tile proo••• of aptheaialng 

baoterlal ••11• • orguie aeicta ucl o\hn ••• pl'Od,u,,a l • ~ ttr•t 
pbaM of nano io clic••\lo •-onlJ non u "aot.ct foraation OI' 

noa ... \haaoa•lli• aua•"• (Mokiue1 (18)). 

Aa aaaenbie 4la••Uoa PHO••"• •PPNUk •q11llil,rlu, \lie 

MO po•p •t Nelula wldoll aa •tlllu UI.• ae'8be11 • • 

pro••••,._ tu ft••• Jba•• •••• ..,.. aetlT•• • , .... 
hJcll'Ot•• • ear a 4l ••• u4 -• ftla,11• ta,t7 ••l••• 
••,eat.ii, aee\lo (Wolf• (19)) an 1tt.oloclcsall7 oo ••ne•, ••ialJ 
to ••lbaae aa4 oar a 4iont•• ••~• ffl'lto U•d.4• are 
iapvuat final •-' pn:ct•••• ta uaen t.• Up.Uo • Tbi• .. teNlle 
J>NOeH la .... al7 luactn U "aelluaU fuaatiea W Ille • •'11&u8ell10 
plul.N". 

,, 



The cletul• of uuroltio clla••Uoa han 'beea renewed -7 
Barker (20, \a4'11u (21>. Toreia ad Hattlap (U)• liraoh all4 

&7k•• (2) and Wolf• (19). 

a 



1. VOLA;TIY ACll),S PRODUCf19I 

Volatil• ael4e u• \he • etalMtllc ••cl pro4uu pro4uoe4 fre• 
Uae ae\aNU.• ot tlle pri.• ar, aube\rat•• 'b7 \he ao•--•thuogem.o 
po)11llatioa. Thieu <2,> aho-..4 tut acetic aoi4 eolll.4 be fonecl 
froa the fel'llen\atloa of hy'clngen au oarbon 41old.4e 'b7 

Clo•k:14ig •t•liQI• MeCart7 et al. (21-) a 4 An4r••• ucl Peaeoa 
<2,> •tut••• tbat aoetio u4 propioDio ao14• are aleo toned•• 
th• 1.n,er11e4iat•• la th• aethau feraea\ation of the lar1er cb.aia 
wlatil• ui •• 1'he ltlolop.oal fonatio of aoeiic aoid 'b-, 
••tha •'bacteria•••• to be ou ttul, •iace it ha• l>een reportff 
bJ Wolfe (19) tutu pure culture of ••than• baot.rla oan utill•• 

nlatil• ,.,,, ao14• ·••pt ,,,uao,arcl£a !,ark9ri, u4 !!.• W'5•d 
ou onl.7 feraeat aeetio ao14 t aethaae an4 cu•bo• 41ozi4e. 

Volatile fa\\7 ae14a are 4eri••d fl"Otl protei.ne, cubo• 

h7uate• aa4 1lpl4e. Aeetic ao14 wu repor,e4 b7 M0Cart7 et al. 
(2~) to be tbe aoat abaAClant latenedi•t• la \be teraeatation of 

oarbo)lJd.rat••• protein• ud lipicla. l\ ••• alN toned•• u 
inbl"lle4iate 1n the ••th&•• tenentatioa of propioaio and butv1• 
ae14• • Propiona-. wu fon•4 PJ'i• aril7 froa oubohJdrat••• b\l\ 
also••• pro4uoe4 in ,be fenaea,ation of pro-.tu. tJl'ate 

wae, en the other hand, pndlloe4 fNa proteiu aa4 fate. S.Nnl 

other••••• ••r• aonal.11 pr•••ni lnat an•r u •h• predoeiunt 
aold•• ~DI unklaaee4 41,.e\ion oonclitio••• •••\lo and prop• 
iodo aoida ••r• fl"equeall7 f••• u the aajv TOlatU• ael4a. 

laplna)q (26) to11D4 la u.aeroblo •••• a1,1on et 7eut 

••••• • lxtv•• &114 alaug t•rh •• wu\ea that •••tie, pnpl ••• 
\na\plo a •al•ri• aei4a ••r• pJ'eHat. 

la au.erobio 4lp•Un •f •JD ••t• ... ._., AM•••• aa4 

P•••• (a,) 4eaaouvato tb\ ae•U•, pr•Jd.OAl•• 1-11\m•, ftlerto 

aa4 ••P"l• ••l•• •••• pn4 .... 'l'h• .. Jor Mlda nr• aoeUo ... 
Nploalo • IJl"io u4 'ftlffi• uita 1ffl'e •••' la •o4••••• 

uouta, •ldl• oa11 •all aaowal• ot CtaJJ'Oi• ••r• ••'"'• • 
Aa4Nwe u4 Pea• (2') alN •••uuatff I a\ tll• 41atrilnl\• 

i•• ot ladi 'f1.4u1 'f01a'11• fat'7 ael4a WM • baoU.•• ot Qe 
Naf.4••·· ...... ft• peak., all Ill• •• , ....... , ••pleat.• aot..4, 

' 



••• at la• r•ai eno• tiae ot 2.4 d.aya, thea th• coaoeatration of 
the aol4 4Hpped gra4uall1 whea the reai4eue tlae waa iac7• ... •• 

At the 4et•ntlon ,1• e et 2, 4a,e aoetio ud JJ'Opiom.o acid• wue 
the 01117 ao14e deteo\e. 

Organic loacliq ••• nported b7 t tzel and Pollard (27) to 
haw an effNt on the oonoeatratio of both total •Ad iadiri4ual 
TOlatil• tatty aoida, eapeoially aoetlo au4 propionic. At tu 
loading rate of 0.11, lbs volatile oolld/cu.tt., th• total 

•olatU• aci4 waa between 22'0 o 2,00 PPI• Tia• oono•ntr•tiona 
ot aoetlo ud propiom. a 14• ••r• , ., to 6.? ppa, ud ,, to 

67.~ PPI reapffti•el7. •n the orgdio loa41q ••• inoN•••4 
to Oe2'4 lb• YOlatile eoltd/cu.t\., tk• total Yolatlle aold 
inONa••• to 6000 to '7000 ppa. Aoetio aol4 laoreued •P lo 

52 to 67 ppa, while propion1o -• only 1, to 21 PJII• 

10 



Gae i• th• •114 pNHluot trea both aon-aetbuogenic and 

••thaugemo cH1eatioa proo•••••• The ,. ... ue ••po•.« aalnl.1 
ot aethau an4 oar'ltoa d.loJdcle with t•••• .. ouata of aa

3
, 12s, 12 

an4 •2· 
Ga••• troa • ••ll-41pated ana,• el11dge aixtve rill 

eontaia 2,-,, per eent • ethau, 4epeadia, on the ooapoeition of 

the ••••• ll1114ge. ln the •••• of the uaerob1o 4igeetioa of 
•••• pao-ld n•t••• the gu ... reported ltJ '11• Ei • oo Corporat­
ioa (28) to N o•poH4 of 88-90 pel' ... , • et!laae and 10-12 per 

oeat of oarl>oa dlcnd.cle . 

lontallJ • • etbaae ud •ar'°a 4f.odde oouU \•t• • oet of the 
..... ia tu • ethaaogeaio atac•, aa4 co2 and 2 a.re the 1•••11 ia 
the u..,.ethaaogealc aop. Ia \he balaa.oe4 ooll41tion bfdrogea 
i• aoareely detected, but wkea • etbaae gu i• illhibited b7 COl­
aad other • ethaae analogue ooepouDCle, Thiel (29) and Syk•• and 
ltiraca (,0) d•ouvated th&t Jaydropn acun111ulate4 la larce 

quantitJ• 

Ia their af.n4 CNl.bN atuy, .$fir.ea an4 lireoh (Jl) fnlMI 
that lq4rosea u4 oa,boa 41ox14• ••r• 4eteoted alao• t iaedia,elJ 
after ,h• 4lp•tion wu atu,ed. Hrvoa•n uooute4 tr•••• f 
'h• cu prod.,aoe4 charing the tu-at "11-•• 4a,a t inouba\l.oa, an4 

11 

the MOllllt of bJbo,.n wu 1'•4••e4 oue ••tllaa• been to uo11• 1llate. 

ftei, ••nlte ••n ooaft.ne4 117 •hd1•• oa ,.,.. e.alture. 
8711•• &a4 IU.•aoh ()l) t.Uubah4 tllal all '1l• aoa-e.-tllaao .. al• 

l>ao,eria iaolate4 pro41toecl ear-..a Uoxid•• A total of 19 of ?J 

laol•'-• pro«••e4 ~1•• au ... aoae •f tla• pnduet ••thaae. 
a., ... ,,.,., ... "'•••• aV1ac .... a1 a1.., .. ,,, •• u .. 

•u-1•• 0D17 dt,taU.7. Tu aTeras• pa J1el4 ••• npor\ed 1-7 
•WJ•• aa4 Gn111tU,q (JI) to M 16.J te 17.1 n.tt. pv 11» 

YOla,ue • alter 4••'"1"• ha (J:,) al• tna4 \llat tbe au Jielcl 
wu 16.IJ to 11.a, n.tt. per poua4 ot ftlalU• ul,el' 4eatroJM• 

la M•• •t "1.aUl• aattel' ..... , t!Mt pa Ji•l• ...... ,.,., .. 
.., lull u4 Glauiek (J') to '9 1.1 to a., n.1,. ,-1' 1~ of .olaUle 



• atter of •••&ae al dp a44e4. Ia aaael"GDlO 411••ttoa ot • eat 
paekins •u••• olll.7 7 ou.tt. of gu •u obaenu per pouad t 
or1allie • atter ad4e4 (28) . 

12 



DeWle4 obaer•atiou oa gu tona\ion la a batch t7pe 

anaenbic 41p•U.•n pro•••• nr• ftr•t reported bJ Fair and 

MOON c,,> ln 19,a. 'fhirt1-•lx 7eara later, ···••Id (36), 
in hla atu47 oa anaerobic di,-a\t.011 or 1n4irt4ual •olatll• aof.4•, 
eoapare4 hl• renlta •1th tbo•• Nporte4 b7 Pair and Moore (35). 
The ... ..i te Nre ot euoU.7 f.4enH.cal, but Ue7 were ••rJ •i• ilar, 

a.ad '11• aa,h .. atf.cal relatiouhlp• 4e•elo~d bJ Fair o4 Noor• 
<,s> ••r• r•por,ed lo be applloa~l•• 

ra1r aa4 Moore (J5) alao triM '° tol'lllllat• ••lh•atlcal 

relatioukipa esplaf.m.as the oo•••• ot 1•• tonatloa. They tou4 

that th• rah cu•• i• ••'7 dllilar to that of u a11tooatal7tia 
reaction in ch•i al en 1uerlng, but that W• tJP• of equatiOA 
co•ld not be aoC11ratel1 appll•d to tbe total pre4i tin ot tke 

oou•• of •• toraation. They tinall7 4i•ide4 the our•• into two 
pert• an4 aeS'Ulle4 that both ot theH obe7e4 t e tiret or4er 
reaction. Fair aa4 Moore<,,> • .. •••• .. •te4 \hat ,he \wo-etag• 
troo••• prori4•4 the beat fit to th• reaulte they obtained. 

!he • ath•atical tol'llllla,1oa oaa be allllll&ri••• •• tollo••• 

,, ... , ''"'' 
w•af •••• 

whff•• 
I 
L 

Lt 

• 
• 

• 

y • 

aa.-., et au prohoN in till•, 
tekl u\ •t pa geun,.. uiaa u, •• , ... 
L• 

k1,k2 • •-laala 

D. 1!1JlRU2! OJ llfflANE fOlllUOJ 
.... t 1 .... ,, •• ,1 ............ , .. , .. \ht •• ... ..... . 

1, 



1 • ixe4 popllla tone of ~aoteria fNIII ruen u4 anaero~tc 41,e•t• 
•re oa.n M ••l•otlTel7 irahibite4. A ride ..... of th••· OhMioal 
inhibitor• h&a been report•4 in the lltel'awre. 

Inhibltloa of • e,haa• tonaatloa b7 fltlhfMbffi&i•• 
n•litHkli bu been report-4 IJ7 Wolin et al. <,1>. Low oonoen­
\ra\lou of • ethyl or b•na1l Tiologen (5.2 x 10•3 and 1.6 s 10-,aM 

ot ,ena7l au aetb7l "10101•11• nepNtl••l1) gl•• 100 per ceat 
illhibition of • ethane, •hilat hyd.ro,.n, which ta noraally tone4 
fro• etbanol, acoUlll&latee 1n greater quantit1••• 

lyter u4 Wolia <,a> reported the 111.b.ibition of • eth&M 
tonaUen of l'Wlen • ind eulture in the preaeu• of c11so,., beu7l 

Tiol•a•n aa4 oxy1•11• C'llBO~ inldblte4 • ethane tonatioa which waa 

••••pud.•4 ,, the pro4•0,1oa of 2 anct ethuol and an inor•••• 
in proptoaic fonatioa. h a7l •tolopo. •n••cl a aiaf.lar teneat­
atioa ahit\ but with u lurea .. in lnatJJ"••• rather than propionate. 

D!rm•1•r an4 BelMlerick (39) nporte4 that low oonoeauatio• 
ot c18 - uuatvat" tattJ aol4• lnhlblted l"Ullen aeth&aogeneai• 
with the alau1ltaneo11a acoimulatlon of h7dropn, an.d a ooncoaitant 
production of propiollio alld lactio aoide. 

!xtnael7 low eoacentretlou of chlorofol"II and auboa 
tetraohlorl4• au eoaewlt.at lar .. r ooaoentratiou of aeth.7lene 
chlori4• •••• report-4 to lllbibit • ethane fonatloa bJ uohop 

(40). the lahlbt.tton tu.o\ion was reported to M ••l• ti•• a.ad 
aeouau.latioa of b.Jd,J'Ogen ••• reported when •etha • fonatioa wu 
1ahi1-1t•d• 

ht• er and lia (ltl) eo flne4 Bauohop•a r•nlt•• The7 

tou4 tiult bigller •wnu of cc1,. <1, JIM) ""• llleo•uarJ for 

etfe•tift tllhibttloa• aa4 \ta. tot.al YOlaUle fatt7 aol4• pro4Ht• 

loa ••• ut ti••-' llJ CCl~ treata••• • sl\boup the pn rtlou 
ot • ploai• &ad ••m• aot .. l naae4 while aoetle ao14 4••••••••• 

A •••dJ of f.ablbi,t .. et • eu.aa.,.aesl• ia auerol»f.o 4ipat• 

toa '1 ollloriae-ooa,aiaiq aul•,.•• of ae\hu• n• tba\ re rhCI 
ltf fhl-1 (19). .. • ON4 th&\ 0.96 •Ill oblonfon. 2.2 • a/1 
... _. teuaellloncte aa4 100 •all .. ,llel••• lllori4• eoM4 ,o ,.r 
... , S.alaf.'lU.• of •etua• , .... ,, ••• file •laaeq•••t a e111Rla\f. 11 

•t _ ........... al• •• ,.., .. . 

IH•ati,, la \Ile e\1147 oa tlke llllllldtl•• •I ae\llane tona\iea 



w11h 001,. of th• aaturall1 oocu.l'i , anaerobic oultv•• 41 ••i• 
lq Mwqe alu4 .. , Jk•• a 4 llrach (,0) 4eaoutnle4 that 
h7u.,.11 P• l• procl• e4 411riag \Jl4t aaaero lo 411••11011, lna it 

l• ,aot r .. 4lly 4•'"'• l• 11111••• • et.haae pro4act1oa l• 4lenpte4. 
fh• ••• 1ate4 h7'Jto1•• wu alao Npol'tecl to lahi~lt th• produot­
ioa of ••tat•, propio t. aa4 )qclrogea it•elt. 

B•laoet7l of et.ch and ohloral CB.SC) wu olaiaed b7 Tret. 
(ltl) of S.lth Kl•• aa4 Fl-Mell Laboralori••· v.s.A. to be able to 

inhibit • ethu• fol'llatton in ruea •1 t••• Approd.llatel7 90 

per •••t f ••thallo sa• ••• lnhibl,ecl 1 tlae J>l'•••ao• of 12 p,a 
BSC. Ceuequ•ailJ, tqvo1•• wu aoouu1a,ed, IMt th• h7dnp 

I•••• leu t1'aa ,he ••,eote4 ftl••• 
Oqpa lllhlltitloa Oil •• , ae prodlloU. a '7 ,,,,,,.w1•d91 

etraill M.o.B. wu re,orte4 bJ \M:rtaoa u wolf• (ltJ). With u 
••ration .-.,. of 1.,, al v•r aiaute, onl.7 90 • ia•t•• ••N nee4e4 

tor 90 per eent re4uotion ot • ethane pa. ft.• ATP 1•••1• 

4eoreued u ••thane fo,.atioa wu illhlbited b7 OXJgea, lna ao 

h74rogen ••• report• to aoouulate. 

Later the efteat ot •X1s• on anaerobio •1aeation ••• 
reported b7 ne14• an4 Agarcty (")• C•plete lahibltio ••• 

obaenecl after 69 hove of coatlnuoue oa:,g•n a44itloa at Uae 
J>ate of 1 • 1 ~I' hour. !lle tiul o-oao• tra\ton of th• o,qpa 
l>led t.a\o the a1xecl 1ltt1101' wu 1,),0 PPI• 

Uader the ian11oce of OSJC•• a4di U a the YOl tile a 14• 

• •• a .51.7 per •••' iaonu• clvlq the iaf.tf.al 19 houra. n. 
\Iler par••'-r•• noll u ••tllaae, OU" 4lod. •• pB u4 totel 

pa prod oUoa ..... reduee4 ,._ , elr aktltU.• ooa41 tS.o ~ 

11 ,o Ito,. .. ···-· 
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A. A!AJJnCAI, TICBllQlJU 

ft• • eth.o4a IU14 lb• •••oripti•n ot the an.al7tical te-ohal,••• 
•ployed ill thl• •• 1 are 4laouaaed ln ,u following ••otiou. 

1. 2hftltai man Pa•u <cop> 
Th• aetbocl f.• 'baN4 oa tile tact that•••• •ne• of orsard.• 

••terial are oxl4iae4 b7 a oillaa aisture ot chN• lo aa4 

nlplwrio aot.4•• Th• ... Pl• of raw net•• or etnuen, ltq11or 1• 
retlued wt.th uown •out• of polualu Uchrolla\e aD4 aulpluario 
acid au then tile••••• diehHaate l• titraucl with f•rro a 
uaoldu aulfate • l11t1o-a. ft• MOUi of oxl4ieal>l• orpzde 

• atter, aeaaured. u ox,a•n eq1d.•aleat, ie proportional '° ,he 
po-.satua 4lobroaate coaeuae4 • fbe aethocl 1• 4eaor1becl la 

Stu4al"4 Method• (i.5). 

2. lloehgi•fl Opg•n RtltP4 (BOD) 

Biooh .. l al ozygen 4••D4 of raw wute ud etnueat euper• 

natant was deteraine4 b7 the aetho4 4eaoribecl in ~tandard 
Method• (lt5) • 

.Slaoe the r•• n•t• ... Mt cNpl•t•lJ h .-neou, the 
4ilutlozi step ln Btu4ar4 N• • ( .. ,) waa • odltled. The -J>l•• 
wen fireotl7 plpet\ed lato \he pre'Yioval.7 puaate4 IOD lto\Uea 
and •h•a Ill• eta.n4u4 4il ,,oa wa,er •u oarehl.17 aiphoae4 1 h 

th• ltl••• 

,. tow XJ•lf•ttl DSDDI 
Total XJ•14ah1 altN,. luld•• -•111• au ••cul• altro,.. 

ft.• .. , o4 ....._ .. nvio Alpha\• .. • ••~1••• oo•••ru 
oquleallr bou& attn ... dtb IMllfhUl• a f.4 to •U• ,. ... s.. 
ftlplaat• Iuka-. .. a44ecl \e "'" tile boll polat •• :,i.s•c to 
J?0°c. Uter •usu .. -. .. 1.tt•n l• 11&4• alullae nth ..U• 
Jarooidt• Ud ttae -•af.• 4f.•IU1H I.ale Ul•t• fol'llio ao14 
Ml•ttoa •I' "'- 4letUl••• l• 0011••'" lff aeNlertutt.11. The 
••ou• ........ ,. u.va, .. uUl • .,..,.. .. ,, •auc •i.• , ........... . 
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Thia ••tllotl ia 4e .. ribe4 la S\an4U"d Method.a for the 
ht•rat. tloa of •••• lute• ud r•c•t.nna waate• (At6). 

,.. !.tW s111•d1t 1,11,, 
!o\al. nepeD4•4 aol14a ••r• ••••nine« bJ the • e\hod 

4eaeri'be4 bJ Melbourne (,.7) ritll the tollowiq ao41tioat1out 

(a) Glua-ti'br• tilter paper• sracl• OF/A were u.a•d 1a•t•a4 
of GF/C •hlob ••• r--••4•4 by Melbourne (,.7). t'be 

aaia reaaoa ••• \ha, '11• other grad•• ot 11•••-fibn 
111, •• paper•· haid•• GF/A, ••r• net &T&ilabl• oa 
'1w lie• Z.aland auket. Alao, Melbeu.rn••• ••perlaea\al 
re8'llu ahowed that tide srd• (Gf/A) wu quite 
eaUafut.17 tor \obl nape.Set aolt.d.• 4•\enlnaU , 
aad lt 0-01&14 N ooaolu4-4 troll o-..rTation that the 
naul t• obW.e4 troa ••iac thl• pa4e et slaee-tl ve 
paper n•• tar •ore utialactol'J than tho•• of lhe 
•kadar4 Qeoch cruolbl• ....... n.i.. ill Starulard 

Me~ ('+S). 

(b) !be paper• ••r• dried at about 1<>1t•e for 60 mint•• 
and ooole4 tor 1, • late•• 

5. ,,,11, xe1,u.1, u1A1 

Volatile aot.4• u• ,Ile lon.r aoleolll.ar ••ight aelcl• 
olaulfiH •• aol•ble a.act are Uae onl7 o •• tu, cu be 41aU11 .. 
at ataoepherio iwe•av• • Th••• ••l•tll• aot4• ou be r ... •e4 

froa aq1aew• ao1uUon b7 •••• 4iat111atlon, in 91>lt• ot hip 
boUlq pol•••• Monet of their bllh ••JH>U' \eut.••• 

Total •olatile ao1cla of Ute elv.41• llq ., ••n 4etenlaH 
"1 lbe •••hotl , ... .,.._. la tueu4 Netho4• (tt,> With tile to11••• 
, .. ..ur1 •• u ... , 

(a) ltO a1 -»l• 
(It) o.a a1 ot :r.a., Ml•tt••• u4 
( ) 2 .. w, ... .u. 

It.th Ill• •--• adlti•allou t., Na IO\Ul4 ••J)VlaotallJ 
.. , ,,., ...... , ., ..ia,u. fat'7 -.s., ................. . 
'• 114&DfPtJ Je1•\ll1 bt'J MMe flrlul• 

... , ....... ,_ '1Mt «.t•l'ldaa,t•• ., , .. , .. 4u1 
TOl&Ul• ta,t7 •f.•• wen._-• u tho•• 11 ... tol' na•n lt.-u 

1? 



b7 Baactaruayab (\8). 

Atur \tvatioa of the total TOlaUl• aol4•, a flll'th•r 1 •1 

Of lV10 aocllu l\J'drod.4e eolutioa ••• ad4e4 1 then trueterred to 

a 2SO • l Maker, and ••aporate4, 4ryuaa la an•••»• The 
ao41u ealte were redianlYe4 ia 1 Ill of 4iatille4 water an4 

frM tllia 1•2 di-ope were taken tor the gas chromatographic 

an.al.7eia. The 'fOlatll• fattJ aeide ••r• aeparate4 in a Varian 
Aenpaph Seriea 1200 gag ohl"Ollatograph. 

Detail• of equipaent an4 Ute oondi ,ton• tor rumdag \he gaa 

ohrollatograph u. u follow•• 

(a) P,ttO!f£1 nMe ioni•H.on Varian AH'OIJ'&ph _eeriee 1200 

(1~) Col,ua A taialeN a\ee1 ooluan 6 ft. x • in. paok.« 

with 20% r AP oa 60/8o ••ah ohneaaor, • • 

( ) Coa4il-&9H• OY•n teapentve • lltS
0c 

laJeotor t•p•rature • 110°c 
Deteotw t•peratue • 170°c 
87dropll llow • 10 al/11•1' aece 

• S al/11-13 •••• 

Tb• gas•• were ~ubbled through a aolution of tonic acid 
prior to entr1 into the oolWlll. 

(4) l•••n•a::• Dieo ebarl integrator, ••4•1 207, .. ri•• o, 
aaautaotved b7 Lee4a Ir Northrop Spenoware a. 

Yolatll• tattJ aoida ohr•a-.gru la uon 1a Appendix 1. 

1. Gy AP•l Id• 

Gaa ual.J•l• wu 4•t•nlne4 bf uiq a••• ouoaatograph, 
ae4•l OLC/1, enpe4 ad • amatao tu-e4 1 foaaoa • lier el' • 
Zea1aa4 Ltd., 

(a) ilhtlfl:• Thenal ooJMhaetln•r c1., .. ,o,., 2 •1••• 
1 .. ,. J>.c. 

<•> 9tlMP• A e,~• to1m 5 ft. • ta. pael&d n, 
Pel'a,ak Q (npplie4 l»J 1&••~• AuooiaU.ea l••• 
J'l'aalagt.oa, NaN., V •• , .) 

<•> ""'"'"' ,.~,..-.. • ,o•o 
Cantu 1•• 12 , 10 C/16-1? "°• 
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(cl) Cflvt •R•d• 11noll/ll1ute 

( •) lfttFftf I Sargent Rff01'4eJ" t ao4•1 SJlQ 

A t7pl•al ouoeatou• abowlq the aeparatioa ot h,-4J'Ogen, 

OXJS•n, •••hu• au •a-boa 4ioid4• l• ahown tn Appea4is 2. 

8 • s11pmc Mh t WORK WA.Sf •• 

lt wa• ill rtant for theee experl.aent• that the •a.ri• bl•• 
auet h kept don to a ll1niawa. Aaong tll••• ftl"labl••• one ot 
th• aoat cl1ttloult to control na the •••t• water ltaelr. It 
fta •••U.aed that the aowal .,...,. water fl"OII tJM frMaing work.a 

woud aot \Mt ooa•l•t•at enouah tor thia p,arpo••• if the •••t• 
waa coll• iecl d.ail.J r •HklJ. If the ao tael aeat wute "" 

u••• t. \ oould ,o•eibl.J be atorri 'bf o lleotina large q11antl ,1 .. 

et tile wute water u4 kffpl t., troaen, but beo •• of the 
quaatit1•• taTOl•-' \hie ..... to be lapo••i~l•• r1na111, 

after oanM thought, lt ••• 4Nl4ed to aau apt etlo •••• 

·••t••· 
!11• adn coapc,nenta of • •at work wutea are oarbohfdratea, 

proteiu and fate . Moat of the oarboh7dratea come from paunoll 

11,uor •ldl• hlootl an.ct t a,t7 •••t contribute to aost of the 
prot•la and tat• •••peoti.,•ly. Th•r•tore, eyathetio ••at waatea 
oaa be napl7 ade l>y •ild.q pn.110ll eontent 1 blood. aa4 tallew 

ill appropriate ratl •• 1.ater, it••• foud •xperiaen\all7 \lull 
tat••• •ttllftl.1 to l oorpol'aM in the otller oNpount• , ut ao 

the idea of a441 \al.lo• i to the eyathetic •••t• ••• abaad ••• 

.lloo4 wu eoll••'" 4lnoU, tna th• l&Uliq noor lnt 
1., per ou\ ealol• etvate aol•tlon. Fer th• paUAOh content, 
Ill• ·••to• ,.....b WU pJ>efenN ........ '' ... eaner to oollM\ 
&114 te .. ,uau. file pa1U10ll •••••t wu 111.eo eolle•ted 41rM\17 
IN• \he ld.Ulq flMI"• 

ft• M.ff41 -- ........... , .. u..oap1 .. , • ..,. lte 

4u .. u 1 ... _. •~ otller ••»--•"• •tl• •• ,....11 ... , •• , 
ucsenea, ao1t4 _.. 11,.u .. ,....,, ••• ~ , ao ,.. •••' •I• 
of wakl' wu .. ,"• Ulea Uae,.... Nllta, aaS.alJ pa• .. •••••• 
•• ,.,..._. ta a ,-toai•te4 'ba1kel eotrthp. Ille •h Nli• 
... u .. _.... wld.1• t • li ... ..UM\ff tor tvlur aa&11••• 

4llae ualrti•al .-...ita ., n.o, ... ,. ... , 11 ff ... • 

fellow•• 
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cot <aal 
16,,oo • 1'/,100 

,00,000 • )16,000 

• <1a> 
800 • 8,0 

2,.000 • ,o,ooo 
Xn th• prelilllaar7 S.n•••tiplf.ou, 200111 of pnach .liquor 

wu • lXN with ' al of 100 ,. ..... , lllood. The ld.ahr• ... 

Ill•• dilut-4 n,h tap wa\•r to 1 u,n. !he anal7\ioal aA4 

Claloulate4 ••nlt• ef thi• a,-A•utio •••t.• are aa ahowa 'below• 

Paoeh li(l'OOr 

Blood 

s1athe,tc wa.i. (oaloulatN) 
Synthetto wut• (anal7a .. ) 

COD (lc4iSe> 
17,080 

,16,000 ... ,,, 
... uo 

N1tr2s•n <,g11.1,,> 
845 

2,.zoc 
a,, 
216 

1, •u to'llll4 tut tll• abo•• •rath•tio wute ... qllit• 

•tletao\o17 tor \ll• p\ll',ON la ••na• of •v•qtla MMl eoapoaltloa, 
u4 above all \Jw bao1erla eou14 grow aattetaotorily. fhdetore, 

large qua,t\l•• of anattoa paunch and -loo4 ••r• eollHt••• • la• 
and ekl'He 

Aul.7tlcal reaulta ahowe4 that the atrength 1n term• of 
COD of tile paunch li~uor when oolleote4 in larp quutitl•• ••• 
• ore Ula\e than the npeetu. To correct tor ,hie the r atio of 
paunoh liq u to t.loo4 ... \lleratoN altered to UOI? ftlu• pv 
Yel••• A live eaoh of tile concenwatecl aiflVe •u fill• 

law a plutio •• au ato~ la th.• •••P fl'•••••• ,,.,., to 
""•bag of• aoeatra, .. wuto ••• tlLa••• u4 4.ilutect to:,., 
litre•• 

Aul.Jtl•al Nnlta ot tu eyath•Uo waetee an ehon in t • 
tat.l• -.1 ... 

16N D• MtlzUtfl !tftl!! I( DWMtl• •••\ !YIU 
--

1, .. total ... -. G•aU"lhpl •••-• 

'l•hl MliU (q/1) '°'° '"° .. .,.......u .. (111/.l) 161? • 
COD (q/1) '1,0 "°' &J.a.1 •• (q/1) Jlto JOO 
- (ae/1) a,oo 11 

• ••• ft• n• _.._ - •-tnhpt at ,aoo q11 tor JO ldaat••• 
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fht labora\ol"J in•••ti.gatione deeorill-4 in thlo \heat• 

inoludecl the operation •fa 1at,orato17 pilot &Ad 'bench•Male 

eoapletely ain4 feneat.r• under eoa,trolle4 laltorator1 oondi\iona. 
The pilot-ual.e aaa•robie dig••tiori •Y•'• wae operated at a,•c, 
whll• the bench•ecale digeeter waa op•r•t•cl at ,1.,0c. 

'tb4t oripul plaa ••• to 1"\111 th• eaperueate •1th the 
pilot-aoale unit, eo that 1, ooul.d. N operated coatiuoualJ rith 
the acoeaaor1 equipHnt ••ailable. on it wu found that the 

cllgeatel' had-. large a eapaoity tor \he qu.11Ut7 of 8Jn'1letlo 

•••'• •b1oh could~• prepared aa4 oe the benoh-aoal• anaero,1e 
digeatioa a7et• w.aa e-oaa,note4. Tlw •all 41patioa •J•MII 

••• operated \hroughout •••• et the etuct7 while the pilot-acal• 
wait ne ua•4 fo~ b1lil.4lng up an actinly • etaltolistng alu41•• 

A. PBSORIPTION or AP£ AHATVS 

Th• laboratorJ pllot•ecal• anaerobic digeation unit ia ab.own 
la ft.pre 2. hldle of the ooapouate an 4eHri~ tJ.lo•• 

a) pig••sv 
fll• 411••'•~ 'l&8 a.a o,-a.-.p 'IUdt tittri wi\h • atlrrer of 

1, l'JIII ••1001~,. Th• dlgea\u waa ooaetnote4 fNNI •" galloD 

oil 4ftll •Meul.17 painted to pnMOt t., h'OII n••• la•• lhe 

usee\n ••• u opeo.-\Op ., • ._, a f .. lht•k n,rofNII neet •• 
u.._. \o ..... ~ liquid &114 ail' lahrtaoe. 

\) hd Ten!F 
the te .. 1aak waa aleo ooublleW fl'OII a" pll ~· oil 

4na cat l t. tw. ft• •Un wu ....... oa top of tJate , • .,. 

bl u.lt t ..... "-' a hoeopaNU t•e4 wu oMalu4. 

•> IHMM bf.t 
A .. ,,_ o U of i• I.D. •u ue4 u a )leat aowce Oil Ille 

U.-o• ._ '-• •• •oatNlle4 a\ a,.c. 
•> 
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FIGURE 2. LABORATORY PILOT-SCALE ANAEROBIC DIGESTION SYSTEM. 
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•talllleN ., •• 1 OOH ·••4 tor 4•t•Nlaiag floa\alal• tat 1D ••• , 
• ru wa••• water. ne •••ondar7 ae4laeaktioa tau••• 
ooaatnoted fNII a eteel 0711114r1 al Ye•••l• 

•> blPI 

hat• ••N neHe4 for fee4iq and recirculating tile ••ttle4 
elu4p Nli4e, ao that the ratio ot reoirculatioa rate alUl f••4• 
1q of 2,1 co\lld be obtained. 

Two Sigmuotor puape, Model T6SH , •arketed b7 Zero-au Corp., 
Minaeapoll•• Miu., U.S.A. nre ••ed for thia ;purJ>O••• 

2. !tvJ1-§2t1• ·611•n1>10 m.u,11,e s, *"' 
het 14•nUo.al feraent•r• ••re inetalle4 aa4 na ia parallel 

eo tllat. one fenaeater oould be uee4 u a eont.rol. The 41.gea\el"a 
"r• oou"1ao\e4 froa 10 litre ll&l'row-aouth PJr•a aepirator• 
wi\h nita~l• fittiaga to allow feeding of ,u raw waete to the 
unit•, tile witbdnwal of wute or cH.geated eludge, liquid u4 

1•• eaapllng point.a, &Ad • eanring of the quantit7 of the guee 
produo-4. 'l'he unit ie ehown 41agraua1:icsal17 ia Fipre ,. 

A • apetio atirrer wu uaecl for • ixtng the aludc•• The two 
• apet1c etirr.i•a ••r• d.rlnn bJ a IMlt from a i H.P. eotor. In 

th••• eirouatano••• 14entical llidng could be obw.iaecl in both 
tenen\•r•• 

Ge.a YOlu• e ••• de\enin• bJ 4iaplao1n, an aol4•aalt 

solution (2~ a2so~ and 10J laCl) in a, litre aepf.rator. fbe 

-out of the acld-•alt aolutioa 41aplaced sa•• th• •ol•• of 
aa• oblaine4 froa \Ile feneatatioa. 

1. a1o,.s,a1, Pll••llff b'IUI 
Ille pil•t-Nal• llal t waa e,ar\e4 1t7 ••-«ia1 ih• cH,1••••r 

wt.Ill aa,1nl7 4ip•U. c • uun,al .... ,. e>.1a4p o n•• ,u 
.. ,, .. M.elocloal el&lhN. fte ••ed •1•41• • el>tai .a fNII 

th• .i.••ae ,1,.•t•• at •ll• a...,. ••rb et l'ala•r•'-• hnh 01,1. 
Ill• .... lll.a4p ••• •••••M4 ~ a Ilia-• • ffh to r•o•• 

aa, 1-.p JUUel•• wlaieh aipt •101 tu Uaea\er 111'-iDC• fte 

.... 11•••• •aa Iba Ul•••• ri\ll bf ••t•r • that aMII, 1•1e2 
per ••• Iii..« U UI' ......... Mlf.4• (It ) • ..,.. M o~w ..... 
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FIGURE 3. LABORATORY BENCH-SCALE ANAEROBIC DIGESTION SYSTEM. 



The 4igeet•r •• then fill-4 up wtth the alud1• to the~ ,al.lea 
aark. 

Th• 4igeater coaten, we allo•-4 to atud o••raig!lt1 th•a 
akut 20 gallou ot the nper .. taat nre aiphone4 out• and the 

••• aeollnt or the eyn\hetlc • ea, net•••• a4de4. he 41,-• ter 
waa fed in thl• way •••J"J other day for 1~ claye. It allould be 

noted at this at•ge that the heating unit and the etirrer wer-e 

operated during the dq-tl•• oal.7. The temperature••• 
controliecl at 2,0c. 

After 2 •••k• the 4ige•t•r ••• oontimaoual.7 t.ct. Aoool"Cl• 

iq to the plan the loa4iq ••• 0.0775 lb BOD (ou.ft.4a7), which 

••• olai• -4 •1 hroepfer et al. (') to get 9()jj BOD reduction. 
After about oil• •••k of operatio aoae probl•• aroae ud ,he 
plan hacl to be alaaacloaed . 

The • af.ll pr bln wu the loaMa of ML&S d•• to the ooa,tuoue 
gaaifioatlon la the ••41aeatatioa t&Dk. After 7 h7• ot operatioa 

the MLSS 4eoreaae4 to 1000 PJIII• Aleo, it••• not toun4 practicable 

to prepare noh a great YOlwae oft• e7athetio •••••• Thereatt•r • 
the tel"tlenter ••e ted balobwi•• ta ••r1 low loa41ng rate, a 

quarter or th• deaip fipre. The •tirrer ••• operated ju•t dv• 
ins th• 4ay-t1•• and, a• meatione prenoual1, thie large tenen\er 

wu therffthr uaed tor P'•wiq aoUYe elu.ctp for the bench• 

aoale labol'ator7 tenea,ere. 

2 . !,ncb- &IA! Apa9t9ble pigatiop ,, ••• 
ho lot• of ten litre• of the a\a•ilice4 al 4 .. ••r• 4rawa 

from tll• ptlet-aoale feneater u4 •••h lot till" 11p o • of the 

labora,orr 'benoh•aoale t•n•n'•"•• th• al114s- liqnr wu theD 

allo•e4 ,o atu4 o••nig)lt u4 -'•'' llu•• of the apernabllt 
nre aiphou4 ••·• fte tllgeater wu 'ea fill .. up tdth ,u nw 
... ,.. tu • aaaeu• attn•• ••• •wi., he4 ••• aacl th• •••bUlut• 
loa pnoeN wu t.a Opel"a,t••• 

• •fteetlw 4l1ea\to pvio4 •aa 22., hou•• Ut•r tllt.a, 

the whole••••••'•• van \o Ul• ••diaeataU.oa ••aa•l •Ill ll wu 
aao\hel" 10 1lu• .,. ... uplrato,, aa4 • a1•41• aol14a "'• 
allowe4 to •••U• ow tu•• • A\,• of•• hou-, 
3.3:, uw .. •t th ,. ... .._, ••r• dplaoae4 "'• a tile-• 
__ , or 'k• ... ·••'- - 1144.« ... atnct d\11 ,)I. el .. Nll••· 



and thl• •lJttve wu returned to the fen•atera. Thi• whol• 
proe••• ••• r•pea\ed daily to at•• a • en liquid 4etention title 
of about 67 • .5 hcNra. 

Th• ob•loal oiq1en cleaan.d of the raw w11ate water••• 
6150 ppa, ud th• organic loacllng ••• 20., pa COD per cla7, thua 
p.Ylng o.,84 1- COD (cu.ft.day). 



V IRJ§I!!XBTAL Rl&UL'1'6 AND J)l§CUS4ION 

A. AERATION PLOCCVU.nop 

1. ftt$•t&Mt 94 M•thtdl 
At firet, the ••ration nocoulatioa ••• iaveatlgat•4 la a 

•• 11 tr• sl••• ••uv:lq 07li114er uaiq a 10 ml pipette aa u 

atr eparger. Tll• ••••'bl7 of the equlpaent 1• ehow11 41•11"-• 

aticall7 in Flpare '• 

The r•aul'• o\Wned fNHI the preli.ainu7 in•••tlgation 
••r• quite proaiaiag. It wu ,hen 4eo14•4 to uae a • ore effeoU.•• 

air 41ttueer. Tb•••fore, tor the •••on4 ••ri•• t teeta, the 
pipette••• nplao•4 'bJ a oeraio air 41ftueer of the t7pe 
nonally aeed for a tieh poa4. • two litre clua • ea.urine 

c7U.a4er wu ••ed •• a noooalat:l.011 ohqber. The ••••bl7 of 
the equlpaent l• ahowa dlagra•11atioall7 ln Figure 5. 

In \bet••••• 1000 or 2000 • 1 of • ixed liquor were cl.ran 
troe th• laborator1• cal• tenaeatera, and trauterred into the 

tlooculation ell•'b•r• f!len the req,lirecl aaount of air waa 
ap.arc•4 into \he • ix-4 liq_vor. At th• ead. of ••••\ion, 1000 Ill 
of ihe alu4,. ••r• tranete~4 to a oat litre hall•~ fer H4laeDta• 
tf.011. After ,0 at.mat••• 1,0..200111 of the nperutaat ftre 

d• ut•• and•'-••• tor further anal.7•l•• 

'the perfoauee of the tlooe\lla,er ••• ••al••••• la ten• 
ot nepen4e4 ao11cl• and COD re411etl •• The pe,tonuo• p••••t•• 
of •~/n~ waa ••-' to cte\eftllae th• •ffi ieao7 of \Ile n nlatloa 

ohaaber, •h••• •~ ud •~ aN th• S.afl.•••• ooaoeav.tl•n •f 
napftfe4 .. 1f.cta (or COD) u.4 the •tn•••• oo oentl'atlou reap •• 

1••11. 

a. •1ui11 
!lie • .,.NHII,. "" ... , .... , la • OU ll\n noenlaU• 

oballb•r, tollowtq f • 4ltfuent •••atl tta•• •f 7, 12, 20 u4 
,0 •1•'•• NIIJ)ffllft17• for euh aerallo \he, aentl• ratea 

..n111, Io.,. 1.a,. 2.1, u4 ,.a, •• m~ ....... (Yft) ..... o .... , ••• 

th ua•nM.e a1114p ... pndo eatel'iaa \Ile n.. 111•'°• i• 
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•l•ilu to \hat of ao\ivatad al d • 4eearibe4 b7 Parker et al. 

(17), nneiatiaa of 4leperee4 priau7 particle• an4 pretone4 

nooa. 'l'he ctieperaed priau-1 particle• ••1 u ia41Yi4aal 
acteria or other Jartioulate aatter. Th••• pri• UJ partiol•• 

preewaabl7 ariae • aialy lroa noc 'breakup, bu\ it 1• poaaibl• 
that the7 ••7 be :I.• erae4 partlolea tba\ have aever been iaeorp. 
orated into noc. The noo iteelt renlta froa aioi-o'bial growth, 
and agsregatlon of diaper..« particle• la lla1te4 in aim• b7 
breakup in the "1r'buleat 41geater. 

tfluen\ suspended aol1da (b•f N aeration) ?10 ppa 
Effluent con (betor• aeration) ftO,o ppa 

With the 4iffu••r 4ep\!l (b) of 1.11 tt., the follonas 
val••• of n• velooitiea (O) ••r• b\alu4. 

1 Aeratf.oa I 
0 o., I 

1.2.5 2.2, 
i (lit/llt.• in) 

I 

I 

,.2, 
! a : . ••c•1 0 I 11,.8 I 19Jt.5 I 262., ,15., 

"otes Root • ean aquare velooit7 gractient (G) can be 
calculated froa the fonular cteveloped b7 Parker et al. ( 16). 

'ilhel'ea 

)I • 

Q' • 

25 • 

h • 

he ut, et G 

G • 'VQ': •" 

41thaer 4ep\ • f\e Iv ,,,. ,.z. ,,. ,, 
• 4 = 

•••• ,,~ ..... 1~. ,,~ 

• ... -1 

Ille re-1'8 ... naaana .. ,. ,, ...... ,. 7 aa4 a. ,, .... 6 
ahna the nctu\S.oa •f ... ,._. .... 1,,. &Rei- n.oenlatio, while 
tu 4••reue et •ttl11ea, COD te ..... ,n,•4 ia ftgUee ? u4 8. 
Ill• •enlte &a«t•••• tlaat n.o•nta,loa of lh•--n o a1•4p 
t.• ,.••rut-, \wo f•t.r•t tleonlaU•• laum,i••• aJUl \llle 
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•••4•4 tor ooap1e,1on of nocoulation. 1, oan b. ooaclud.ed ,.,_ 
Fisu.-•• 6, 7 au 8 \bt the opti• u nooeulatlon tlae wu betwNn 

12 to 20 aint••• The turlnllent tateui\7, in ten• of not••• 
eq•ar• ••l•et•1 gradient,••• •~out 200 ••o•1• 

The noooulati n of the aluds• &oa \ke la-ora\017-aoale 
tenen\era ••• aleo iaYeat1gat4t4 la a two litre nocoula\ion 

ohuber. The r•nlt• ar• auaaari&e4 la Flpr•• 9 and 10. 
le4uotioa of wapedecl eolld• af\er 1S at.mat•• nooculatlon la 

4•outratecl in figure 9. 'the aaJd.llva efticieno7 wu obaer•e4 at 

approd.llat•lr 200 •• • 1· 1'1111 "•elooilJ" p-adieat u in \he earlier 

•••t• la th• ••ller •••••1• co» renotloa (flguN 10), oa the 
other had, naohe4 aaxlaa etfteieur at the higher ••locity 
gra4teat (G) of about 2,0 ... - 1• 

It ••• nall••4 that noooulaU.oa of the elu4ge •••• aleo 
4epen4 upoa the propertl•• of the aluse alxecl liquor, apu\ froa 

ph1aioal coll4ltiou. An ln•••Uptioa ••• tb•••foN 1llldertakea 
with alwlge obtaiaed frea th• pilot-aoale tenenter operat•4 at 
2,•e. Th• renlt• (F18'lr'• 11) iadloate that at\er 15 • in•,•• 
tloccvlatlon, the autaua reluctloa of •uapecdtHI eoll4a ••• 

-1 o,t.1ned. at• velocit7 gradient Yalu• of approxiaatelJ 100 ••c • 

The rate• of ••clia•ntatlon of the aluclge• after aeration 
troll \teth laboratorJ aad pilot Nale fel"'lleat•~• ••r• also obaetYM. 
6e4laeat.aUon •aa lntati1atff ia a \wo 11.\re • eaaviag 0711114er. 

'i'b.• renlta are naaari•• la J'f.guN• 12, 1) u4 1ft. 

'tile helpt of the al\14p ta\ertaoe •• a lwloH.on of ti.a• of 
the •1•4s• fl'OII a l&bol'ator,-nal• teraeater la ahowe pap ioall7 
la 1'18111"• 12. It in4loat•• tut alter dlff•reat rat•• of ••r•lf.oa, 
the ••\'11a, ••••• ot the •1114 .. ••r• r•4•••• uutloall7. ca 
the olh•• baa41 t • aet\lia1 •b.araole•l tio of the •1..._ fNII 

tile ptlo••••al• teneator ... alip.UJ illpoft4 after th• aluda• 
-..,-a1oa ... nl,.1••'-' w •n•t• prlo• to ..U.oahtioa. 

,. Rl,11vt&11 

~•W NRlt• la4i•ate4 ttaat ••••tioa t1ooou1a,s..oa 
.. 111• M •plo7 .. , u ea a1hna,ift to a 1•• YeloeltJ ~ 

eUn••• w &apl'OY• b7•S.oa1 11M•ula'1oa •t th• p.l"Ulll'J artiol•• 
la Ill• al_. u, .. .,. he nnlt na tllat --,ea4e4 eolld• &114 

• .aioal oaipa ••aact (COD) er U.e nperaataat liquor •••NaH4 
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to a cel'taill extent, 4epea4l I upoa ,he urao,erietlca of th• 
al.ud.g• tloea an4 the operational 01ulltlou. It wu aot maon 
whether noooulatlen l aueroblo oultnlr•• ••• Plll"•lJ phJri al, 

or •h•'h•r •117 natural pol,-era pro4a•e4 b7 •••••rta plqe4 a 
role ln the nocoulatioa. 

It ha• beea reported by many worker• that poly-beta• 

hJdroxyb11tyrio aoict {PD) pla,• aa 1-.i,or\aat role in tlooculat-
1on of aott•at.ed elu4ge. The • ecH.111•• ancl prod1&ctloll of PB.B 
••re r•••~tl7 revle"d b7 8o7l• et al. (49) u4 it i• 1a4ioate4 
in the report ot Park•r (15) '1lat playa a aipittout role 
la tile nocoulation ot act.iYatN alu4ge. 'fhua t\ aipt • 

po•dble that PD or alatlar aubetano•• an produoe4 bJ the 
auenbe• ta aaaerobio 4ige•t1oa. fhia la r•f•ne4 to tn tbe 
etataeat ••cl• by Ndianey ( 18) - .. ,, tlooo\llaU.011 oecva 'by 

•S.•ilu pr ••• in both aerol>io u4 anaerobto •r•t••"• Mil.cl 
atirrina and aeration ••r•• to tnor•u• lh• oolli•iou of tb.e 

priaa7 particles and the bacte,lal no••• 

Th• tonula prenouel7 4e•elope4 by Parker (15) to expreae 
turbulent inteuity in \el'lla of nt• Yelooit-7 gradient (G) ia 

aoti•ate4 eludge roaotora wu found aatl•fa tol'f tor th• 
caloulatioa of G in th••• noooula tioa ohallb•r•• 

Tb• perfoNance of the noonlaUoa ollaber n• •Ql'•••o4 
in ten• or beth auapencte4 eolf.4• and COJ> after ,0 aint•• of 
q11ienent aettU,ac. Aa ehon in Figure• 6 to 10, napea4ed 

aelicl• ••• to tt. a 'better parueter to 11H to expi-••• he 
pel'tONaue ot th• noecni1atioa ebaabe••• A iHot o01111t of 
pl"ia&l'J particle• wu r••-•acl• l,J Parker (16) \ napea4ecl 

• 11 •• cletendaatt.on '-, tl • gl ... fll\er paper•••• fo 4 
• on aa,t.afaotor, la \hf.a• J• 

• opu.a.1 ••1 eitJ pa4l••t tr IM ••Jd• H4uoUoa t 
...,._ .. •li4a na t the rup of 100 te 2GO ... • 1 attu ,, 

• iaa,u untto. the 10 .. et ftl•• ot ft1odt7 paUeat 
( 100 eH • 1) wu tou4 1a floenlatio '-• • of \be al dp 01t,ala9' 

fNII a Ue\....ale feNeat••• fbeee fl.guea aN hiCh ill tNpari• 

.. wi Ille• tin• ftl••• •I 40 ... • 1, ,Mo ... • 1 n,ort .. 
~ Puller •t al. (17) , • .,. p doa1 tli Ot&la'1u ot .. u.,., 
al.11 ... • u4 watel' veata•at na,e•,i••lr• Va>.11ee of G ol • 

18 



• agnilude oba•r•e4 la thi• lAYeatlgattoa ha•• been ooaoDl.1 
r•porte4 in aerobic aotlYat-4 eludp teneat•r• (G • 136 ... -1,. 

Th• da,a indloate tba, the ph7•i•al flocculation charaoter• 
ietio• ••port•• la th• .... ef ao\i•t•4 al.•4p u4 water ,rea\• 
• eat, are nbatantiallJ different froa tho• touad with eludp 
frOII the uaerob1o coataet pro••••• '!'he alud.p oouentr tt n 

29 

and the 41tfepent alu4g• oharaot•ri•tioa are pnkbl7 the • ain 
fao\ora. Th• alu4ge oonoeatratlon in auei•obio eontao, proo•• .. • 

(11 ,00-12 1000 ppa) 1• ••TUal ti••• laigher than \boa• of act1Ya\e4 
eludge 1 whloh waa reported 7 Parlter (16) to'• •IM>•\ 1,22 !311 PPI• 
eouequentl.J, the ooaoentratioa of pl'i• U'7 puticl•• in th• 
anaeJ>oltic proc••• wou14 be exp.at•• to be high < .. ,7,5•710 pa), 

higher tlwl that of aotinted alug• <,,.1-12) (16). 'l'hi• -1sht 
aooout for~• hi_.r Cl •al••• obNZ"ffd la the nooeulatioa of 
UlHl'O to 8lac11•• 

'rile eoeoentratioa of pl"iaary particle• baa been d ... ut,ate4 
~Y ParkeJ" et al. (16) to aft• t the noo ulaUon (IA) aa4 noe 
breakup (la) coettioi•nt•• '!hey foua4 that under th• • operat-
ing coaditioae, the higher the ooncentrationa of pri• u7 J)U"ticl•• • 

th• higher the Yal.••• of noooaJ.ation ud noe breakup coeffioienta. 
With the oncentrat.ton of priaarJ partiol .. of ,,.1 an.cl 12 • g/litre1 . -6 -6 -0 •alu•• t XA ••r• 2.8 x 10 and 0,19 x 10 • an x1 ••r• 11, x 10 
alUI ,.1 a 10-8 ffape•t1•ely. 

Thi• wo\114 probal,17 explain \he ftriatiou tn prl• al"7 partl•l•• 
reduott.011 (nocoulator perfonauoe) tov.ad i.11 th• different •••t•• 
fhe ~r•••taa• r..tutiou of,,_ aa4 ._a, ••n to with th• 
initial prilla17 partlol• onoea\r•,lo f 1321., a 710 • a/litre 
NQ.Oti••l1, while 01111 ... , ,.,. •• , ... 1lOtl ...... ""' ,. 
the al11qe d lalUal pnur, artide o • \ratio et 1t,1 ... 

q/1.f.tn. 

J• WU hJfftd "7 $\eft• aa4 BHJcer (8) ,u, IIO f.apofflJ• t 

l 111•4&• •• \be alu4C• WU ••••te4 
prf.o~ _..... All~ Co .. (9) f'O that, 

... ioa e11QMUIO • aollta. Th• ,..1.,, ..... 
aid.• h •- a•nU a u4 ala4 .. --11.••at l'•,or in \ta. 
lttenftN..,. • amo,11 Ud Ul0ou1••t.••• rt.av• 11 

....... , .... , .. "' ., •'*'""'""1,.i , ••. 
\Ile ••U•eal of e1•4P .,,.a.u4 t.• a la ~-...aeale , • .,.. , .. 



••• red.uoe4 4raetloall7. After ,o •1 tea of qui••••~• .. ttlta, 
the height• of th• el.udge i.Dtertao• bad fallen only to 96.2. 
91.,. aa4 69.7 J)4tl" ent of the '°'al height of the 11eanriq 

oyllnd•r where the el.adae wu pr•noualy aerated at o., VVM• 

'VVM aad DO ··••Un reepecti•ely. IONTer, \he al•d·• o-taiaa.4 
from a pilot-aoale fenenter ahowecl a all ht i • pro•••llt :la 
HCliaen\atlon whea the eludp euep•nalou ••r• subjected to 
aeration at 0.5 '° ,.o VVM (Fipree 1, aad 14). 

The r.ea a for this would probably lie in the operating 
oond.1tiona, t.n the te entation, perbape iia temperature. 'rhe 
fermenter reported b7 Raad• and Cooper (9) ne op rated at ambient 
t•perature (ot abou, 20°c) while the pilot-acale rHotor ••• 
operat-4 at 2,•c. Also, the a tl•• alu a• ooncentratio trora 

thou•• woul4 probably·n 1 wer \ha.a tho•• of \he lal,ora'°'7• 
aoale teneater • lower thaa those report-4 7 Steffen atl-1 

Bedker (8). 

'lhi• expluatioa le aupporte4 by th reault• of Sohl'oepfer 
an4 Zinke (6) •ho fouzut that the aettleaeat of the aluda• troe 

a tenaenta\ion OJerated at 35°c ••• •lower than that fr a 
teneatat1oa operated t 25°c. 
B. GAS PRODUCflOR 

1. 11,s•dral• ef ••• oct• 
The op•ratlea ••• ,eaerallf th•-• u that 4eaori •• ia 

the operation notion for the 1•• rator1•••al• fel'll•atera, except 
tha, th• •1•41• eolld• ••r• ••rat•4 bet N theJ ••re allon4 \o 

.. ,ti •• 

Aeratl•a n• oarrle4 , ta • 10 U. ve 1lu• teneater, •l, 

tu at, ,ion la thro•gh alb urul w 4lffu••r•• The•••••• 
c auo'-4 toge\ er in noh a •a, that tu•• lq la \he • 1441• 
aacl ,he ••al er la tho 11tor rla,. tile air ta'-e n • eomaeo, .. 
thrO'lllh a ntea•l•r W tho at, •J>n• eoi-. the •••-~lJ t '• 
•••lpaeat l• ••• 41agraaatieally la ft • 1,. 
2. B•Qllf 

•> •»1#1• Anf•tlg ,, »• hr••&H 1••• 
alphi t• o1d.4att.oa l• o • of tile ••th 4• p ••allJ • ••P'" 

,o 

t • t • Co\eaiaa loa I OIIJP ,r ... ter oettteleat• l ferant•r•• 
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The • ethod wu well deecribed by Cooper et al. (50). 

Flpre 16 llluatrat•• the re•ulte of \he ox7geo transfer 

coettioient (kLa) at 3S°C in the 10 litre aeratinc ohallber. The 

• athe•ati al relationehlp• between ~L• and aeration rate can • 
writtea following Steel and Brierly (51) aaa 

Wheres 

"x,a 
k 

G II 

• 

ease transfer ooeft1cient, hr•1 

constant 
air flow rate (VVM) 

The relationahipe between aeration rat•• and aaae tra efer 
coefficient are shown in Table III. 

TABY: lIIa M••• trua(•r 1p lh• Aeratto9 V••••l 

I I 
Aeration ratee 

(VVM) 0. 25 0,5 0.7.5 1.0 ,.2, 
kx,• (hr-1) 76 11tlt 198 269 ,20.6 

a.tee of ox7gen 
abaorptlon ;60 1060 1460 1980 ' 2:,60 

II 
litre.hr 

b) Ratea o( Oteifioatioa 

Bo\h laboratory oale feNentera were 11eed tor tu detenai • 

tion ot th• ra\e and, tal aaount ot s•• t Nati •one•• a 
eoatrol, a.ad the tiler tort• aeration teata. Beto•• the 

aeratlo ••••• ••r• a\arte4 tile f•N•Atera (F•N• t•r ••la 
Fenenter ll) were ~rought to a •'•••1 atate o 41tloa. The 

••••41 •'-'• onclition wu o •"• ••• ••••n 4-7•• Dail7 pa 
pro4uotto tort• per1o4 of? 4ara in41oate that h• perfol"ll • 

of bo teN•••••• 1l'U 14• ,10.i.. \aUallcal a al.7at• ot dl.7 

au pro ac l fr th• per-io4 aentloucl a •• (A eadl• )) ••e4 
tbat the pert n • of IM>t feneatU'a wu iulpitloan\17 

Ult••• tat th• , per••, 1•••1• 

,1 
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The tenonter• were aerated at tatee ot 0.75 V 1Vol,Mi (VVM) o uae. n 
which ••a found to be the optimal level tor nocculatioa (Section 
V. A.). The ti.lie el.lowed tor aeration wu varied troe 1S to 60 

minutes, and at each leTel of aerati~n the t~et wae operated on 

two to th.ree con•eeutive 4aye. The reeult are naraarized 
graphically in Figure 17. 

It ia howa in Figure 17 that without aeration constant 

ratee ot gaa formation ••re obaerved for a period after the 

fermenter was start d and the rates then fell off after 10 hou-a 

of fermentation. hen the mixed liquor wae aerated the pattern 

of gae foNatioa altered. Thero ••s a lag at the beginrdng of 

fermentation, after which , for a time, conetaat rate• were 

obse.?"ved. The longer the aeration• the longer th• lag period wu 
observed. When aeration waa increa od to one hour tho rat•• ot 

gaa formation ••r• alt•re4 and th volua s of the a•••• produoe 
were reduced draatioelly . 

In the final stage of gaa formation, after the oonatant r•'-• 
period , the rateB gradually decreased after 10 to 14 hours of 

digestion . Bow Yer• gaa production did not cease •••n fter a 
Nlati'Yely long period of digestion without feeding. Thia is 

shown in Figure 18• when the digestera were operated for 42 houra 

after th sludge solida were contacted rlth air at the rat f 

0.75 VVK for 30 minutes. At the end of th eecond day the ga •• 

still continued to evolv • After 2~ hours of digestion the rate 
of gaa fonation wae virtuallJ coutant at about 6 per cent of 

the maximum rate of gaa fon1ation. 

After the end ot the third day of 60 • inutea aeration 

(0.75 VVN), fermenter no. II••• allond to reooYer 'b7 fee4in& it 
daily (u 4•• ribecl prenoael7) and without fur\heJ' aen.tion. The 

renlta (Fipre 19) eho• that at••r the 41ge•ter bad bite aerated 

the pa ton tie ~•'•• took a oaa14•nbl• ,1ae to return to 
tbe1r i raer Yalu••• but after a peri 4 of tl•• (a , 1, to 1 
4aya tn the oa .. or 60 • inute• aen\i a) '11•7 appean tor• ••r 

al.llo•I ooapl•••11, 

a :,6,0 •1 of oxy,-n ( •• t4 '7 the eulphlte ox14aUoa 

,ue) •••• abeor (O.?S VU aeratlo fr 1, elmate•>• • 
.,.. ••r• aee4ed '° rt the ettiel• 1 of \he tereenter 

to nal • • reeul te art ehon f. J'ipn 20. 

' 
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!he le1'gth of time needed for reooYery of the digester 
depend• upon the d•gttee to which the anaerobic sludge wae 

pre"1oual7 inactivated. The more oq en absorbed, with 

conaequent damage of D cterial acttrlty, the longer the time 

needed tor reoover1 of the digeeter. 

It l interesting to note that when the fenaeatere were 

full7 recoverttd no lag was found. Aa soon aa the aeration waa 

stopped and normal feeding resumed almost the eam p ttern of 

gae fol'llation as the control was obeerTed. Constant rates ot 
pa fonation were ob erved for a period after the fermenter 

wu started and the ratee then tell off att r a c•rtain period 

ot 4igsetion. 'l'h• conatan, rat•• were lower than tho•• of 

coatrel on the tirat day or dig ster recovery, but with time th 

P• pro4u Uon a--atee (coutant ratea) grad-ually increaae4. 

Beei4••• 'IU"iag the etght 4a7e ot normal tee4ing with no a ration 
(Figure 19), ao falling ratee of gaa tonation after the period 
ot constant ra\ea were obeeJ'Nd. It could \,e poatulated that 

during th1• period of d1ge tion the dieaolved COD aubatrate• 

present in the digeeter were eo high that the7 did not limit the 

rte ot gae formation in 22.5 hours of dtgeetion. It ie shown 

1n Figure 28 that when \he digeeter was aerated tor 60 minute• 
the digested. euperna.to.nt was found to oontd.n COD of about 

2700 ppm, while onl1 1400 pJIII ot con wae normally a.naly e4 in 

th effluent from tu 4igeater without aeration. 

'lhe total ox7gen or air absorb• into the • txe4 liquor wu 

gnenH b7 \wo faotor•• the rate ot aeration, and ti.lie . It ••• 
not certain when.r the time factor ul.4 ha•• an, effect oa 
inaotlva\1oa of the anaerob•• la epea41atl7 of lhe oq ea ab rp\. 

ion. An expff'laeRt •••• therefor•, carried nt with the two 
fU'lleater atablllae4 ao that their ra •• ot sa to atiOA 

1n4i ated that their perfonano•• nr• lde tlcal, u4 a t•t••l 
a ON4 lh•r• waa et. floan, ttfereace b•t•••n t a\ 5 
»-r oeut l•••l (AppenUa i.}. renaenMl' o. l wu .then a•ra\e4 

for 1, ai '•• •• o.z, VVll aerati th• fo, JO Ill t••• 
P•l"lleatel' •• JX tor 1, a 4th :,0 ai te• •t 0.5 VVM. Vndel!" 
t ••• ooa4itiou a. ~tiU•• ot xy • uautened ••" 
calnla.te , Ile nl •• oxl au 1ea to • 1'too. a , ,,o, 
aa4 ,,co •llllpu• ·n• •S••l1• · 

,, 



The reau.lte are hown in Figuree 21 and a2 . They appear to 
indicate that the quantity of ox,gen tranaterr••• ~•ther than the 

ti• of aeration , affected the performance of the tigeeter•• The 

oYerall inactiYation of th anaerobes waa indicated by reduotion 

in total gu foraation and the ratee of gas formation. 

The effect of oxygen-tree-nitrogen o.Jl4 pure oxygen on th• 

performance of anaerobic digestion wt.a also 1.o-veotigate4. The 

graphs (Figure 2,> indicate taat niirogen has the o e general 

effect on the patiera of gas f'o1,1111latio1a as a.h· an<! pur oxysen. 

Total gaa r duation at the end of 22.5 hours dip tion wae aleo 

obeerved. 

Under the aue aer ting conditions (0.5 VVM aeration for 

15 ainutea) , it waa found that the effoct of nit:roteD n the 

activity of anaerobic bacterial oulture w al••• •••ere coap&l"e4 

with that of air and pure oxy en. A short period of lag~ ot 

three hours occurred when the sludge waa in contact with nitrogen. 

whil the longer lag ot four and five hours were ob erved when 

the sludge euepension was aer ted with air and pure oxygen 

respectively. After thee treatments the quantity of gae produced 

(from the sludge which waa preTioualy in contact with nitrogeu, 

sir and pure oxygen) wae quite conetant. A eonata.nt rate of about 

2~ litres (per kg . COD loaded. kg .KL.5S ) per hour was found. ror 
a peri~ the ra\eo of gas prod ction tell off atter 10. 10.5 and 

11 11.ours "'i th the cl udge being a rated wt th pure Di trog n, air 

and pure ox,gen respectively until the end of the digestion period. 

Both pllN nitrogen and 0J111•n• aa well •• air• hail the •-• 
effect on the reduction of tbe cla117 aaa produoe4 . After 22., 

houre of digeetion the total ariounta of .... pl'04u e4 Nre a880, 
2600, 24oo an4 2,20 U. tree (per kg. COD loaded. kl• M a) troa 

the d1g••ter1 with o ••ration, u aer tion with • u,ro •n, 
air and • oxygen reapeotl••l7 aocouat• tor 10, 17 an4 21 Pff 

oent re u lon oft• te 1 sa• tonatl n, 

x, t• interesting t.o ut• that int• of the o,qgen 

a aoi-ptlo •alu &loulate4 r. thee lphit• oxldati n teat, 
t • oqaen tr&Aafe~ ooeftt ient (kLa) obtained troll or, en at the 

• ra\e et aera\ion wou.14 • a ~ d.aa •11 fl•• time••• uh 
u, at tr au.. -,,. ab rbecl t~ oq 
pa \11 

• atao• e!'lo d.l'• 
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fo.l'lla,10 ooutradicl the abo•• aeawaption. There wu only,., 
per oeat 41fferenoe ln the total ga• tonaatioa. the reaeou 

'' 

behin4 th1• ere not known and turtha in.,eatlgatiou u• indicatect. 

The 4atly (22.5 hour•> 'fOlua•• of gu tol'llation in the firet 
experi• ent (0.1, VVK aeration) are ahown in Figure 24. The graph• 
(Figure 24) indteat• that during the etabilisation period tor the 
digeetera• the dlfferenee between the ean daily gas production 
... not eignitioant at 95 per cent confidence liait (Appendix 3) . 

Once the aeraUoa (0.1, VVM uratioa for 15 ahutea) wu 

etar-te in J'en1e11te:r no. II the 4al17 'f01ue of P.••• etag tone 
4eoreaeect tr• ,soo to 6100 al. With 15, ,0 ancl 60 at.mat•• aerat­
ion of 0.75 VVN the TOluee of the ue• obtaiaed under ooapuable 
oondittona •••rap4 troa thNe clq• ahw aeratioa ••r• ,100, 55,0 
an4 3600 Ill reepec,iYely, while ,he naulta el>\alned fra rerae•t.• 
no. I (oontrel) ••r• fatrl7 oonataa, with u •••rage ftlua• of 
61too Ill per day. 

It appears that the uouat of 1•• produced la inv reel7 
related to the U1011nt ot oxygen abaorbed into the 111.xed liquor 
prior \o ae4laentat1on. The correlation between 1•• pro4uction 
a.ad the oxygen a'bsorbH into th• aluds- U.qllor calculated tr-oa 

th• eulphite on4atlon t••t ta ehown ia 11 r• 25. 

the pattens of gae tonation o••r difteren, 4lgeat1on 

perio4a are different . Th•r• was hal'Cl17 aft7 1•• pl"04uoe4 when 
the oxyg a abaorbed waa higher than 10.000 •• (1.000 • ,/1.it.) in 
the n.re\ thl-H houn after ••ratio•• At th• dlgeeti.011 periods 

below 12 llova th• cnan•• •• o ••• u4 t • 4•P•• f ooaoa.tt7 
la l••• when the 41pation peri ••••• longer 1 aa•r• 
Afhl' 12 llove 4t.petloa a U eu nlali uhip 'betw•ea •h• ca• 
pro4 •• aad the ox,cea alteort..4 n• oba..-. • 

ft• PH• pr o.« ••• DialJ ••tune aa4 ubon 4lox14•• 

• vaoe • t• •t other•• ft• cu oo• et u. u ••" fnD4 
• 60 to ,, o• , ••ttume• Ito •• ,, per • t ear 

4loxl4•• •••haae ooa aJ.,toa - talr17 • uhate nea •h•• th• 

el 4- - ••3"' ... M .. ,..,, • 

II ... t act ._, an. aaaUoa IHN •u a ollanp ta lb• 

total ...ia•U• fat\J • 14•• u Ilda al\VaUoa • ltht •• a4 
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The result• are ahown in Tabl IV, ehowing that there waa 

a change in carboa dioxide when the sludge liquor••• aerated. 

'?ABL1' IVt Gae C91poaitiou pd Aeratiop 

cotmITlONS Pi RCUfTAG.E OF 
CO2 

Contl"Ol i.2 . 2 

0.5 VVM (1, min.) N2 
,,.2 

0.25 VVM (15 min.) Air ,, ... 
o., VYM (15 ain.) o2 

,,.2 

c) Pertor,yc9 et Anaerobic Digeatioa 

The perfonaance pargeters of the uaerobio 4igeation 

process which a.re of interest, beside gaa production , include 

ohe ical oxygen demand, suepended aol1da 1 total Gnd particular 

volatile fatt7 acids and gas co positiona . 

The chanse in chemical oxygen demand in relAtion to the 

g • production is illustrated ia Fipre 26. Once the digeation 

started, the effluent COD••• reduced, r pidly at firat, th a 

aore gradually. On the other he.ad the •• wae produced at 
constant rates. Jo lag was found in gaa production or in COD 

reduction. Afler six houre of cligestion 28,0 Ill or gae were 

evol•ed, while 8ooo ag diaeolve4 COD waa deatroye from th• 

original conoe1atration of 2 ,400 ppa, the COD wu gradually 

reduced whil• the ~•t• of pa fonatlen r .. ai e4 onetant. T • 
soluble COD wu Nduco to 1320 ppa and , ,.500 ml t I•• evol'f'N 

after 12 houa t dlpatlon. A\ th• ••4 of digestion (24 hove) 

th• total a•• ot 1,000 ml wu p uoe4 f 11., p 41aaol•• 
COD . 

'lb.• •ou t of 11., p of cU.•• 1Ye4 COi) wu a put ot the 

org..t • aterial ont.r1 ti su t natio • file r••t of 

Ji• pa wu pr e4 f .rot1 he eoli •••t• wl\.leh o atr1lNte4 

1290 PJ11 COD ill nw •••'-•• 

c atca1 q .. 4•u4 ot t • RJMn.&'8at (attff o••t•i 1• 

1 ., \oiu u, •• , ... li(llli4 ., ,aoo l'pl for ,o •i tea) 4uhg 

,, 
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the whole period of feneatation 1• abo,m 1n Figure• 27, aa and 

29. Pi~r• 27 ahowa the l•••l of COD from the •tart to the end 
of the aeration teate. After aeration waa at.arte4 the cheaical 

oxygen deand of tbe supernatant roee gradually while that of 

the control (Ffl'llenter no . I)••• oonatant at an aYerage of 

1320 ppm . The chemical OXJ&•n duand remaining in the et fluent 

ro•• with the amount of oxygen absorbed into the aixed liquor 

•• the fermenter actiV1t1 di• iniehed . At the end or digeetion 
the COD ot the etnueat wae 14?0, 1520 a»d 2150 tor the aerat­
ion of 0. 75 VVM for 15 , JO and 60 minute• indioatlng the 
absorption of '6SO, ?300 and 14600 mg of oxygen <,65, 1,0 
and 1~60 ag/lit.) in the el~dge mixed liquor . 

~hen the a•r•t•d 4igestere had recovered , it••• found 
that the ett1ciency of the di eater• wae graduall7 Nstored . 
Alter three days , with aeration each day , the dige•ter •aa 
then operated without aeration and was found to have gae 

production ratee the same as those of the control which had no 

aeration at all. The daily gaa produced increased to the 

maximu~ and con.ae~uently the oftluent COD was reduced to 

minimum . The values of the effluent COD after the reoover1 

of the aerated d1goaters are illustrated in Figures 28 and 29 . 

FiSW'• 28 eho•• that after the aixed liquo~ ••• ia contact 
with 1~, 600 • g or 1, 460 al/lit . of xygen (0. 75 YVM ae,ation 

tor 60 minutes) at leaet twelve da7a w•r• required to bring t • 

effluent COD back to the no.real lenl . After twel•• d ya of 

reco•ery the etfiu•nt COD decreased tr about 2 , 700 ppa to 

1, 400 ppm . When a le ••1" •ount ot oxygen••• absorb• into 
the sludge mixed ll1110J' , a aborter period of \ime wu •ed• 
for the reeo••r1 ot th• t.a-•ur. It ••• towad that onl.7 ti•• 
4a,-a nr• nee4ed to bring ,u •pa•• clic••t•r ()6, as/lit. oq,.a 
a~.aorptlon) to alaoat tall etfiol• 1• TheH reaulta l 41eat .. 
that 1•• er aaO'Uta t the t•l"ial oultur• ••ff kill• or 
lucUTate4 in th• latter ••••• th• \erial acU'litJ Nlld • 
i ill tll• 41pater oa 1a41cate4 f th• etnue11t OOD. 
etnuent COD ... 1, 680 fl"N the al 41• aner ab 1>UO et 

'65 ar/ltt. oqpa ancl 2,100 PJIII fl'CIII h• el••• at\er • .-,,t­
io f 1, 460 •a/11 '•· OSJS•• 

t the •ffftP al e4 li r au• e4 U4a (IU.S ) of 

,,, 
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12 , 17S ppa the ~elattonship between the etnuent COD and the 

ount of oxygen applie into th digeater le illuatntri 41agra• 
• at1call7 in Figure ,o. The graph aho•• that the peater the 
amount or 0X7ge beorbed into the digester , the greater the 

amount ot COD remaining in the etnuent liq11or . The relation• 
ehipe were alaoat a tro.1 ht line . 

Suspended solids concentration ot the etnueat 4ur1ng the 
whole period of digestion ie demonstrated graphically in figure 

31 . The results abow that with 15 aimat • aeration (0. 75 VVM 

aer tion) the u•pencied solid• nre only 280 ppa , oomparecl with 

the control of 320 PPll • Once the aeration wae extended to ,0 

and 60 min tea , th concentration of &lu~pended eolid• ro•• t 

,SO and 750 p reepeetiYely. 'l'he incrc,aso ct the euepeade 

• 114• rith ,0 and 60 • inutea ••r tion wae proba~ly due to the 

• echanie,,..l breakdown or the noco. It wa reported b7 Parker et 

al . (17) that flocculating tille , bealdee the turbulent intftlait7 , 
had an ett ct on the etnuent auepellde4 eolide. 

Reeult:s of total Yoli:. tile tatty aoid.s etre shown graphically 

in Figure 3i. The graph indicate that the total •olatile tatty 

acida re dir ctly corr•l ted with tho amount of oxygen added 

into the aludg liquor . ~fter 15 , }C am.d 60 minute of aeration 

(0. ?5 VVM) • the7• ••• an increa .. of total volatile fatty aci4e 
of 14, 35 •nd ~Sp r cent re peotiYel7. Pre~uaably , tho incr•u• 

in the ceuul \1011 of the tatty -.oicle was due to inh.it>l tion ot 

\he ethe.u tonaere b t had little effect on the fatty a 14• 

production. It waa r•port'4 b,- Allber et al . ( ,2) that lh•, optillal 
ft ••r tion r te of 1.,a 1 .MLS enhan tbe • tio ot •olstlle 

fatty a id•• 

Indi,1.dual YOl til act alee ohowed the 

Anal7ai5 in Fi N ,, l clioa\ea t er••• u l r•••• of 
indiTitu a\ll• fa,tJ a ida, partioularl.7 •••tic propio • 
ao14a. • hi • a l'P t OJIJ8• • ucnaa·t 
ot acetic aad id• - •naNAatu. r l•W• 
aoiu eu u tmo • -r erlo Ud o 1 • onl.7 Yff'T •all 

n • 4e\ffto • 

Att p • acle to•• 
(O P) i tbfte u •I - aat-a i • • U U 

••r•Uon for 1, af. ••• (o., 'ffll). Ile r• • J') 
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••r• i onol •l••• The graph tapll•• that neith•r nitrogen r 
air ha• UlJ' appuent eff•ct on the change of the oxidation reduct­

ion potential (ORP) in anaerobic digesti n •1•t••• Th ORP is 1 
the range of -450 • V lo •550 av and the reaulte are :111 general 
ag,eeaent with those reported by Blanc <s,>. 

uta aa4 lounts (Sit) Nport-4 that dieaolT oxyg•n in the 

teed alv17 increaeed the ORP from the original value or -510 av 
to -S4o V to approxiaatel7 • 350 mV, and their digeetere returned 

to their origin.al Yalu• within two to three houra. With nt.tr gen 

agitated di ••ter• they fowsd th t the ORP becue • ore negatiTe. 

1, wu expected that when th aludge wu aerated prior to 

ae4l• entatioa, the ORP ahould becoae higher th&A the original. 
Talue during the tire\ •tace ot 4lgestion, t this••• 11 t 
obael'Ted. Probabl.7 all the OQ'gen alteo~ 4 wu utllize4 y the 

facniltatl•• anaerobe• 4uring the ••d.iaeat&ti~n. 

, . PI yVSSJO ~ 

h the obaerTatione on gaa formation the results showed 

that ratoa of gae tonaation differed from hoee or Fair and 

Moore (35) and !urao&ewsld (}6). Al.moat constani Pat. , lnateaci 

ot exponential ~•t••• ••r• fowsd in th• earlier atagea ot the 
digestion and theA after abo t 10 houre of digestion ga• pr oduct­

ion decnas.d aACI fallin, rates of gu to ti~ll ••r• obaar~ 4. 

Gaa pl"Odu \ion u a tlancttoa of ti•• agreed with that found 
in •••a««t aludge dtgeation and reported by Mal7 et al . (55) &ad 

Diets et al. (S ) • Gae fonaation patterna , •• reported 'by aJ.r 

u4 Noor• (:,.5) AD Bur-aoaeweki ('6) .... aillilar to tho•• btained 

la tlda • 7 • en lh.e •l clge alud liq wu unt-4. The 
ooanaat nt• t ca• foNati n to ia \hl• al 47 • 1 the 
r~ ot 200 '° ,oo litre• (pel' kc us.1c .con lo .hour) . 

Fair a t t • 

111 •P tla•J u • lt l• •-eel tut Ill• laa rep r e4 1 tell' 
• ... _,.a .... ealdae-• r 

••'1• •11 111.nd. The a N • t a la.a 1 
(wt,, ae U!"aUn) 1a hie • 1 ais)II ban ~ .. al..,_ aa ••U a4ap n , \he t• ••11 • iu • 

tJle ND\ •si>eJ>iaeata tile t.au •n • ati to-a- p 

(afta 0.1, •••"- f r ,o al ••• tell nd ~ 

'' 



DOl"llal feeding). After the falling r•••• ot gu fonaation from 
about 22 houra, onwaJ"de, the ga.• prod11ottu rate wu al.ow, but 
still eontinued eteadJ.17 (at about 6 per c•nt of \he • axim rate). 
The oontinuoua ew»lutlon of~• gas at low ra.tee was due to 
su'betrate limitation. Utilization (slow rate) of aolid aubotrat•• 

also contributed. to the •lo• rn.tee of,.. production. It l• 
reasonable to preawne (trem thla finding) that the alow and 

st ad7 rate of gaa formation occurnd in the digester with no 
aeration because a reasonabl1 high 4ieeo1Ted COD waa •till preeent 
in the aupernatant after 22. 5 hou.ra of digestion , and a • of the 

solid aubetrate COD would al•o be preHnt. 

It was claimed hy Burbank et al.<,?> that once the anae.roblo 
olllture are exposed to the ataoapheric all• , th.e culture rill \'Ht 

inaoti•ated rithi 30 eeconde . It tMe etatnent ia true, all 

the anaeroi,.a in the dlgeatere in this atud7 ahould be eatirelJ 
inactiYat•d when they are •spoeed to contact with 1400 •a to 
14,600 mg (140 g/lit. to 1,460 ag/lit.) of oxygen (oalou1ated 
from the aulphite oxidation). In thi• •t1:1d7 it was found tbat 

after ,h sludge was aerated at different conditiou prior to 
eedill ntation, comparatively large Yolwaee of gu, including 

m thane, were produced when th aludge wu returned to the digester 
indicating eubetaatial activity r aining in tb• •ludge. ll fact, 

the reductioa in the total gu f rme4, ooepari aerated allCl 

uaaerate4 ludge, •a.a relatiYel1 aa.11, and t th• orier of only 

4.7 and. 13.1 per oent when the aludge wu ae7ate4 at the rate ot 
0.75 VVM for 15 and ,0 • iauua re•pectf.Yel7. ft• ••latlouhipa 

betwMn the aout of gu a uaalated aa4 th• osygen pre abl.J' 
abaorbe4 la the digester• ue Ulua,rat.« graphioally i Fipr• 2, . 

Aocordin.g to th••• fin4S.Dga a U,Mar nd.uoUoa 'betwffa the gaa 

produod an4 the OXJP• abaor'be4 c 14 i.. u-•• after 22., hour• 
of tipatio • II 1• non <nave 1,> \bat appareat1y onl7 ,., 

Utn• (pe• q .111. •kl•COD.Loacl • q) ot the ,ohl gu l)l'O ao-4 
••r• r-.4laoe4 fo~ 10 ag/lit. of • o,qp • •~~•• 

I• the al p ll wu ••n.ted tr O alnt•• at the 
rat• of o.-,, vu, \he pn - •4 oqgea eut.H • 11 ft60 ac/lit. 
A , .\? er oeo, n4 • S. not t"- to al au p ce4 •u f 'Wl4 

at••r o .. , •• (22., uve) «1,.a,10n. tot ealnlaW 
eqpa a.lNUd'nli (146o ppa) WU hi •• U t l!'e Jtt-4 bf· 
Fi-al.de au A,- 7 (4't) t P" ••P1•te iu.otlTatton ot 1M uun • 



in••• • •ludga digeation. 

Th• pa\tern of gae fonaation ••• aleo atteoted by aeratioD. 
Once the eludge liquor••• aerated prior to aedilleatation a lag 

in ga.a production. ••• obaer••d after the aerated aludg• ••• 
returned to the digeeter . the extent of the 1 g depended upon 
the amount of oxygen abaorbed into the Gludge liquor. The hi her 
th• concentration of 01qgen , the long•r the lag bee e . ~ith 
1, 460 mg/J.tt . of oxygen ab orbed into the alud liquor , a lo8 

of four hours was found . 

The eneat of the lag• and ox:ygea abaoJ"ption appear• to 
be linearl7 relat•d u shown in figuI"e }5. A lag ot , . 1 houra 
pr 10, 000 mg or oxygen presumably abaorbed into the aludge 

suapenaion was ob:s rved after the digeate,:o had been etarte • 

Thereafter , gae production gra4uall7 increaeed until the 
constant rate p rioda were obaer~d . Then th• rate• of u 
p~oduction foll ott. It wu found in thi• etudy that when the 

oxygen absorption Wfta lower than 750 mg/lit . the constant rate• 
of gaa fol"lla tion were obserTed tor a period of ,Ute betore the7 
started to f•ll oft . 'lh•n th• oxygen pre ably •~.orbed into 
the eludg• liquor waa inoreaee4 to 1~,600 mg , th• constant rat•• 
ot &•• toraation were not foun4 . AlH , the fallia ratee ot g • 
fol"llat1on 14 not oocur . It ••• U8Wle4 1 •hen a high level of 

oxygen (1 , 460 ag/lit . ) wu pr•• ••11 •-aorbe4 ta,o the sludge, 
\hat luge nubere ot th• anaerohat whi bare reapouible tor 

gas tonaatlon, were inaotlvated. Con•• uenUy, th• tot.al vol••• 
and the patta-n of gaa fonation ••r• altered. 

en Di tngen wu UN4 inat.ea4 of air a •all•r eff• t on 

a•• t raaUon was oNene • 1 t.roae baa ~•n auoo•••tull.1 ue4 
in o tlon ritb carbon dioxide y S7k•• aa4 ltirech <,> to 
get ri4 of OXJ'g•n in the aro•'t a\a41•• ot the er •• ia •••ac• 
alu .u,.e,•r•, n , er• ahov.1 be reuo t r lt to • 
toxi to the anae; io tar•• I.A th• al.u4 • la thi• • 47. 
Thent ••• • •ti••• t, • alh-01•11 a the ua•ro•• uld be 
eapff "j •' • ~llioa). o • o pari a the tit• ta of 
epugl air ri ib "7 .. •• aaahat 

• s.a th• 
21 ,., ••11• ,. •• ,..,1. ... .iy, 
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There ••r• insufficient 4ata to ahow whether , after exponr• 
to th aeration• the aaae.rob•• were lrilled or •h•th r 0111.J' their 
activity wu retarded . Pz-obal>ly beth effects ooavred. The 

atrtct anaerobe• which ue highly ••aaltl•• to 01:1gen soul.4 
probab17 be killed , but the ao\1-nty et the leae eeaeitl•• 
a.uaerobea aad taeultati•• anaerobes waa pparently onl.7 retarded 
tor a certain period of time . The retarding aotion wae in4ioated 
by the lag period at the beginning of digeelion, then the period 
of constant ratea of gae form tion before the rat•• of ga product­
ion atarte4 t tall ott. The re8Ulte tro~ this stud7 howiag 
the reduction la 4a111 total gaa fonnation, and inor•••• in 
dissolved COD in the supernatant after 22.5 houra digestion, 
indioat•d that aftor the auorobes ere ln contact with o:qsen 
aoae of them were pemanontly iu.stiva.ted, which resulted. ia a 

d crease of the oTeraU b c,arial. activity 1a tht dig at ra. 

lt ehould be noted here that when the eludge liquor••• 
aerated , an tbo oouequent o~g•n prea abl7 aNorl:ted ••• between 
140 to 730 me;/11t. , a period of conetant rate of gaa tonatioa 

after o lag wae foun~ (when the aerat d aludge wu returned into 

the digester•) • Ii waa also found th.at when the digeetera upae\ 

by aer~tion were allowed io recover ao lag occ rred . Coutant 

rat•• of gaa fo ation were ooaorve4 , but th• r•~•• ••r• lower 
when oepa.red with tbos ot tbe o ntrol , depeacU on the xy 

pr si.mablJ abaorbed into the aludge liquor . On \he fir t day ot 
the recovery , 1t was found that after 15 to 16 houra of d.igeetioa 

\he total volu•• of the gaa toned na comparable \o that of the 
gae produo•d fro the aerate4 ll~•or (Figure 20) . Thia i.ndicate4 

that eoa• peraanent lna.otlvatioa ocoured wh n the ••••rt 
-1.udge •a• •tpoee4 to xygen. 

It al 1• J)N> "1• that tu uaoei tin oft• au.erobea 

in the al etc• • lteeidee their nat _ •• enhaaced. tb•h r••ietanoe 
to 027 .. Jl alt • - 1 \ th• al • liquor. Th• uaerob • na•at 
la Ule el tip alx•cl liq o.- ••r• lat• fon of flooa prila..,-
partiol•• wbioh laolade •1acl• •ell• terl..&. ba '•rl• 
• oh uao lat-4 tocelh•r t ra n c• woul4 pro 17 •• • 
pr lfftl•• a tel (allme) whl h •• _. u a barrl•r tor , zrce• 
v.uter. th• n c •wt u.a lie oul Ila•• a•'"• 
cuumo• t n •al pare •1 U. •incl• -11 •ri• or tile 



primary pu-ticl••• 

I their aeration etlldi• • Steffen and Bedker(?) found that 
total eounte of aaaerob a were not reduced . '?beJ r porte4 that 

the total oouta of th• anaerobee •••• reduc~ in the aeration 
process , but the1 were then built up again in the sludge eeparat­

ton tank, and count• were comparal>le to co1.&nte tak•n Without 
•ration. Optimal a•ration ratee of 0.1 cu.ft. or air per gallon 

ot sludge ixed liquor for 8 to 10 inut•• ••r• reported. The 
mini• Wll aeration rte ueed in thie atud.7 ••• o.042 cu,tt. of ir 
per gallon of slu ge mixed liquor (0.25 VVM aeration) for 15 

ainutea when a lag ud reduction in the total •ol • of gaa pro4• 

uetlon were found. Regardleaa of the other deaign parametere of 

th aeration chamber in "beth •tudiee, the aer•tion ~•t•• and 

conaequeatl1 tho oxy en absorbed, r port 4 bJ nteffen and Bedker 

(7) were higher than thoo fouad •1th the inimua aeration in 
thie study. hue, their reeulto indicating no effect on the 
anaerobes conflict with the pre&ont observations aa4 no explana\• 

ion can be formed further. 

Under tho operating condition of 12.175 p MLSS , 67.5 hour• 

li~uid detention time, . and the organic loading of o.~8~ lb COD 

,., 

per cu.ft. per 4~• the chemical oJqgen demand of the centrifuged 

eftluent (3700 rpn tor 30 minute) wae only 12~ PJIII, and thi• 
aooountri for 80 per ••nt nduotton of COD. Ono• the aix• liqur 

wa• aerated the etfioienc7 of the digeater deer•••••• Co equ•atl7, 
the • ffluent COD lncreaeed to 1385, 1520 an 2150 ppa followtq 
the abaorptio ot ,,650, 7,:,00 and 1 ,600 ailllgraaa ('65, 1,0 
and 1,1t60 ag/l.it.) of o~s•n rea.,.oti•ely. It wa• q it• obTlo a 

that, in tel'lle of the etnueat. COD • the al • pert l'llaJ&Ce Ila he 

att ted bJ 0X7gen, pr• ably abeor 4 into the lllu • aixe 

liquor. ft• o••rall li~u r-ele.tio blp twffn • eftluen COD 
aad the ox,a•n a r • lato \he alu4p alaed lt • r • le 
i11uua,e4 u rt,ue JO. 1, i• all ft , tor 100 .Ulip•• 
(10 mg/lit.) •t -,gen alt rM t theN •aa aa l ..... ill !).6 ppa 

Of 000 in the •ttluent. e r•• f Ol) ill · t etnu.at WU 

pro 1>11 • to • o•erall r• u tlo S. \he bac ..-lal a tl.t.U•• 
wbea the al 4p at.std ll I' ha been unted prior u• · • \ 
aettliq. 



u~ation affect• gao production, altering the initial l as but no\ 
th~ atea<ly rate and in 13aifioantl7 r ducing the total •olume of 

pa produced at the lo••r levele of aeration . At h1ghitr leTels of 

aer tion {about 1460 mg/lit. ot oxygen absorbed) , the lag, the 

•t•ad7 rates aad also the total uounts of the gae prod1Jced were 
eubetantiall1 reduoed . Al•o at the higher levels of aeration 

•011• long tent effects were tound on the sludge , judged from ita 

rate of recover1, whereas th• recovery after •hort periods ef 
aeration &:pPf)r.red rapid , Th~ r•sults itb gaa4.ts other than air 

lnd1oate4 & pb7sieal. effect although there were insufficient data 

to separate the physical and chemical effeote of the added gas . 

A genaral correlation was evident bet•••n th• pa eTOlution ancl 

the fermentation ot the wastes a measured by \he deoreaaed COD, 

but beoau.ee of the coaplexit:, of the eyatn this ooul t b• 

put on a quantitat1•• k•i•• 

C. llffllBITl ON Of Mf'TSANF fORMP TION 

1. lv•rifAs y.4 n )ho41 
Heterogeneov.a , anaerobic , bacterial oulturee were obtained 

by r•oving 1200 111, well-aixed samples of • ixed. liquor fro.m the 

la'beratory-acale fermenter•• The ixed liquor was then cultivated 

in two 1000 ml Erlenmeyer flaak•• Ea.oh naak was equipped with a 

preaaure r lief YalYe 4eaori ed in Syk a and irach ()O)t and the 

gro-•th ••• \lndertakea OJI a ehakH•• The incubation t•p•ratul'e ••• 

37°c. Fermeatation ••• eontinuu until ateady ctate oonditiou 

••r• o~tain•4• The o~r tloul onditiou ••r• th• .... as tho•• 

of th• laboratoJ7-acale fen1eatff•• 

Th• 1nh1bi,ore uae4 were h•iacet1l of atarcb and eh101'al 
(ISC) , aa4 oc14• IIH l• ute na411y • 1 ble in llo\ water,•• 
then,,.. no pNl>l.• n'1l \It• adjtaataent ot ·asc oaoe t .. atlon. 
tu ac1,., on the other haa4• nn be 4t.aeol•4Ml ia et,aa11J.U.&.• 

ft• aot al lllhlbttton o arrie4 t ta a a.- i I 60111 
•q,aat vial. After ,Cal t ne•ly tea ain li o• were tra1u•fel"Pecl 

lato th Tial, re • to tl eh tu Yial tor 4-5 

Ill t••• 
reqUN 

lf. ••"• 
UC,Q. '' l'1 t• 

1•o•4 o the• ak•r, the 

C or CCl~ "~• then inJ• t•• into th• •id 
tf. ••t wu o tl f 2" • at u. 

t f ,1°0. 



2. B•&lM 
Thiel (29) an4 Sykea and Kirach (,0) recOlllllen4e4 tha t the 

•l••d eludge li~uor abould be bQtfer•d beto~• the inhibition teat 
le •tart.cl , the butfer being exp• ct d \o maintain a constant pH 
of about?. en with the buffered sludge liquor tho reeult 

publiahri by Syk•• a».d Kirecb (,0) ahowed that the pH of the 

elud • culture aft r th inhibition fluctuated with the incubat­
ion time. 

In thia investigation it waa decided not to buffer the mixed 

li~uor prior tot inhibition test . Figure '6 indioatee that 

pl nuotuation •as dra•tic eepecially in the inhibition teet with 

CCl~• i lth the preaence ot 2 PJIII cc14, the pll dropped abruptly 
troa , . - to ?.OS after 24 hour• ot dlgeation. A• the ooncentrat• 

ion ot CCl~ ••• iaoreaaed , the pH •tarted to rise aaain. pH 7. 35 
••• tound when cc14 ••• 1ncreaeecl llp to 16 ppm , and it \ayect at 
?.,, eYen wh n the concentration of 0O1~ ••• lner•ued to 24 PP' • 
The r•a~n could ~e expl in•~ by the •arlatioae of the oonoeutrat• 

lona of the accwaulated Yolatlle f tty aoid• which are ahowa 
graphically in Figure 39. 

The pH or tho culturee in the inhibition tee\ with HSC 

remained reaeonably constant at pH ?. 4, but it deereued when the 

H C a4dition waa over 14 p • The final pH •aa 1.3 when the 

culture••• do •4 with 30 ppm RSC . 

Gae co poai tion data ar shown in Figure 37. The ga •• 

procb1ced fro• \be oul ture clo•• ri. th HOC ••r• c•poeecl of oarbo 

dioxide an4 methut.e. No accWl\llation of hfdrogen n• ln4ioate4 

after 21* houra off• ent tioa. Ot th gaaea, co2 ooastltute4 
abou\ ,,. u4 no ehaa.ge of hep ~centage of CO2 with the concent• 

r tin of SSC oocvred. Methane , on \he oth r haa4 , T ed in 

oo enbatlon with the increae• in the ctoa• of HBO. Aa the o 

•• , ... ts.on of UC ... lllOl"OU • ••thaae gr ually • nu• . 
Met hane ooaoeatra\l wu ••4• .. t 61,.,. •• t to ,0 per••, 
•h•n h• al .. li V.. . .. with .JO a&e. 

l'lt\lr• ,. a • I • OOII 91 ti of -·· pPodu e4 • a M 

e1 4 • cnt1 tv•• ••" do• wt h cci, • lh• e poet ti of . •• 

,., 

ftri wi\h tile •alra f.on t CCJ.4 PJ"M•, i tu ludg li I" • 

ll•~me, tile llaf. OOII Mil\ f t e cu••• e ps-od t i aaae.l'O 0 
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digeetioa, ahupl7 deoreaee4 fl'OII 70 to ,o p•r oent when. the 

oultur•• ••r• 4oeri with 8 PPI cc14, and only 2 per •••t of 
aethaae aocumula\e4 rith the pneenc• of 21+ ppa ot co14 in th• 
alaed liquor. Aeeuula\ion of hydrogen Neulted from the inhibit• 

ion of ••thane tonation• hytroc-n being ••t•cted when the sl.ud • 
waa doeed with eore than ft PPII cc14• The proportion of h7drogen 

gu inoreaaed u cc14 became aore oono•ntrate4. The axt.111111 

concentration ot bJ'drogen c, per cent) wu 4etecte4 when the 

culture ••• cloMcl nth 16 ppm cc14• 

Cuboa 41o1dd• wu alao re4uce4 when the eludge ~ixed liquor 

waa d.ooe4 with cc14• On.ly 10 per eent of co2 ••• found to 

aocuaula\e n•n aetbane f raatlon wa.e inhibited with 8 ppm cc14• 

When th• 4oa• of cci4 na increaae-4 t.o 24 ppa tb• coacentration 
of co2 incre .. ed to 17 • .5 p•r oent. The general pattern of 

inhibition of 002 ta la esr•••nt with that~ ported b7 S7kea 

and n,eob (,o). 

The tot-al Yolatil• fatty acid (ff.\) data ue awuuiaed ill 

Figure )9. A higher concentration ot VfA accU111ulated when the 

cultur• wu iahi'bited with cc14 rather thaa use, 680 ppm VlA wu 
analyeed when th• aixtv• waa dosed ri th 4 l'JIII cc14, an4 o.nl.y 

)20 ppa ffA. wu tnnd to accmulate with tho pre•ence of 30 ppm 

B.SC tn ,u elude• Uquol"• 

The VFA to 4 1a the • ix-4 liquor inhibited with HSC ••re 
mainl.7 •••ti and J)J"Opiollio aeld• (1'1 40) • Aoetic uA prop-

ionic aoid.a 1aore&H4 eharpl7 when more than 10 ppa ot MSC were 

addu into the alu4r• liquor. t7ri acid started to accumulate 

when tho tloH of UC ••• lur ... • to 20 to ,0 PPII• With the 
pr• .. no.e of ,o ppa of BS.C ta ·tu eludp tu cenoentratlon of 
a etat•• propt. '• a 4 t7rate ••N to o be 12.4, 6. 
2.? PPI ~ .. peo\lYelJ• o t er• la nre I u to u ulate 1D 

the al•••• t.llhlbite4 n\b sc. rt.aun ~1 m••• h• •••• or 
••latile 1411 to Ill.aid whea • eQ.lllle fi naU wu lnbl l\e 

,., 

wt ,11 cc1,.. ca.. , • • are• "" 40H4 •i tll cc1,.. large uti tl•• 
I aHU.o Mill• aa41 .... , a •• t PNP1 ldo, INtm ti..., 

Taleri •alffl• .. l&a ffl'• t t &O wanlat•• 'lb• ff rt• 
lou t eaoll aol ftl"ie4 ri\h cci,. • t nl•••••• ftl.•11••• 
•oao a\i a ,u • Ov11111,.a1,11\ at '11• oo eatl"at t • \ • Ph 

......_ • •••t• ,- ,,.,. • f.4 ... • ,.... • tu aludae 
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••• doae4 with 2~ PPII CCl~• Acetic acid oonatituted for about 
50 per cent of th total volatile fatt7 aoid . The aaxiaa 
conoentration of acetic and propionic acids of 62.5 to 64.5 PPllt 
and 17.5 ppm ••re reported when the anaerobes were doeed with 

4-8 ppm cc14• Caproic acid and ite iao ere nre aleo found to 

aoc1111ulate in Yery Hall quantiti•• • 

3. D1acue•icua 

Heaiacetyl of etarch and chloral (HSC) ••• toud not to be 
•• active a • ethane inhibitor u cc14• Methane inhibition amount• 

ing to a 97.2 per cent reduction was obtain• d •1th the presence 

of 24 ppm of CCl~• On the other hand, )0 ppm of RSC in the aludge 

liquor could onl.7 inhibit 26., per oent of the methane tonatioa 
after 24 hour• 4lpa,ton. 

Trio (42) olai.Jled that only 12 ppm of HSO ••• needed tor 
approximately 90 per cent ot the otherriae expected • ethaae inhibit­

ion in rumen liquor, this inhibition of e\han• foraation re•ult• 

ing in the aocuaulation ot hydrogen su. In this atudy no 

hydrog n ccwnuleted, nnd only 26 .5 per oent of methane foraation 

waa inhibited eYen when the ooncentration of the inhibitor used 

wae two and a half timee that reported b7 Trio (42). Thie implies 

that the sludge in ana robic digeet ra i• leae sensitive to RSC 

than the rwaen bacteria. 

The etudy on inhibition of • ethane foraation by cc14 reYe 1•4 

an intereetlng point on the relationship• of the digester perfol'll­

aace and the oonceatratiou of cc14• figure• 36 and 39 illustrate 

that th• aotirity of the bacterial sludge reached. the • axi• u lenl 

in tenaa t V7A produotlon in the pre•ence of 2.5 ppa OCl~• 

Conaequeatl7, the of the • ix• liquor dropped to 1.0,. At• 

hi er c acea,n\ion of CCl~ VfA pa4ually 4• r•••ri (118'll'• ,9>, 
while th• pH iaor••••d (rt re )6). The pH ot the a1xe4 11,uor 

r•tua•4 to Nal (a •' 1.,,> when the cono• tra,1011 of OCl~ •u 
iaor•••-' to 16 PPI• ft• n• a\ill •' 1.,, wheD cc1._ ••• 
laoNaaed t lit PPII• fte Nuoa a-eaua,17 la that , • ••rall 

acUTi\7 et\• aludge wu lablbltecl 1 \ • ,s-••• o• t • blah 
oacenti,ation of CCl • I 41,1 ~ tlle utt.rt,1 t th• nor,a • • 

alao lahibite bJ \be fel'lle te u, •• 1a11, hJ rocea. fll• 

aeael li Yi,, of the tlva to the. s.nM.•1 \ol' will .,.,, tFoa •1 eta• 
alud.a• (Thl•l (29) >. 



Inhibition ot • ethane teraation reaulted in the aooaulatloa 

of hJdrogen a••• and th• maxi• WI quantity of hJ4roaen •u obtdae4 
when CCl~ was tncrea ed to 16 PP9• At a higher ooncentration, 
aoouulated hydrogen decreased. It••• euggeeted by Thiel (29) 

that either th• h74rogen producing bacteria were inhibited by 

hydrogen, or the hydrogen now••• 4ireote4 towar4e th• productioa 
of lactic acid. S7kea and liraoh (,0) demon trated that accW1Ulated 

h7drogen, fro• cc1,. inhibition, inhibited hydrogen production by 
hJdrogen producing baoteria. 

The inhibiting effect ot oxygen (Section B) on the perton­

ance of ana roblc digestion waa quite 4itterent tr that of 

methan• aaal.ogue compo~nd• eapeciall7 cc14• The ooapoaitione of 

the gu pNd\l eC!l from the aludce au'bjected to oxygen toxicity ••re 

,ult• constant. fhe peroentag • of ••tbue aD4 co2 ••r• 60 to 65 
aad. 40 to J5 r••p•otively. No h74rog• wae toun4 to accuulat•• 
The role ot oxy-g•n in aeration••• quite different fr that in 
the continuous aeration reported by Fielcte an4 Agard7 (l+At}. The7 

demonstrated that additions or o,qgen cause a draaatic deorea•• in 

co2 production and total gae production with the• thane, on th• 

other hand, remaining fairly oonetant. 

The utilisation of oxygen by obliga te anaerobe• was claimed 

to be through th• fonuation of peroxicle , ud the peroxide formed 

aote4 •• an inhibitor (lt4). Ox7a-11 probably killed the anaerob•• • 
depending up n their neneltlTit7. On the other hand, cc14 
aelectively inhibited • ethane toreatten aa4 cauaed acoW1ulation 

of th• preoureor, b.ydropn. 

ft• preaenc• of oxyg•a in a lgeeter wu reported b7 Field• 
Agard7 (~4) \o renlt ln • •• 14 iaoreue in •olatile aci4 

lnele. Sl7teJ!' au Wolin ()8) d•ouvate4 inhibition bJ C so,. 
and o2 , and till• waa acooapani-4 bJ a11 lnor•u• in propionate 
t natioa. Aeratio pri r .. iaeatatloa, ai• Uul7, reltlll.\ecl 
la th• aoo1l11111ati a of VIA. 111 \: • •" oe f 1~ • a/lilN of 
• ., .. f.a l • elv4p aued llq or• '6 per oen\ S.11orh•e la ffA 

renlt••• Aoetlo ao14 alllO aooaulate4 ln \he p•••eno• of ox,a• • 
•n 03111•• ••• la•n•••4 to 1a. O aa/11'1"•• propi • •old l oreue4 

rapi41J• ot!l•r aol4• ••r• tO\Uld. 

Aooaulatlo of •ola\tl• aotda ta • pr••• • or X7P 
••• al.all to\ t whe t • al•clc• au•4 liq 01' ••• 4e•• •1th 



ssc. Acetic and propioaio ao14a coutitut d • oat of t he aeida, 

Aa th• con entrat1on of HSC ••• in~reaa•4 the proportions of 
thoee ac14• were quit• conetant, ntil -the HSC waa at about ,o 
ppm, when propionate accumulated •lightly taster ud butyrate 4leo 

etarte4 to aeouaulate, Other volatile acid• were preeent in Yery 

all quantitiea , 
. 

It was reported b7 Rufener and Wolin (41) in the inhibition 

study of rwnea liquors that VTA were unaffected b7 cc14 concent­

rations whioh iahibited methane form tion exoept tor the changes 

in the proportion of the produced VFA , while S7kes ant Kirsch (JO) 

demonstrated• de reue in the production of propionate , The 

results from both groupa were quite different troa those of thie 

in•estigation, In the presence ot cc14 there waa • llb.arp incNa•e 
in VFA , Acetate, propionate , but7rat•, ieoYalerat• and valerate 

accwauleted ln la.r • quantiti••• Only a •all quantit1 of caproate 
waa present , 



VI 

Aa • result of th findings in this atudy the following 

euggeetiona are aade tor further r••••rch . 

1. htenaion of the data obtained in this study to the 

continoue anaerobic contact process with continuoua 
uration-dega•1fication. 

2 . Stud of the design par .. etere of the aeration •••••l• • 

including the location ands•• try of air diftueere and 

the ehape of \he aeration Ye•••l•• 

, . Study ot the •ffecta of aeration degaeitication on the 
porforeaaoe of anaerobic dig ater• "1th different loading 

ra,ee . 

4. Study of the etrecte ot the ei••• of air bubbloe and the 
intensity of turbulence on the continuoue noocul tion ot 
anaerobic sludge auepen•ion . 

5. The effect• of aeration on settling characteri• tica of aludge . 

6 . Study of the effeote of the other ga ea such aa nitrogen, 

carbon dioxide , pure ox7gen aa4 Po••ibly the gaa produced 
from the 4igeetion prooeas itaelt, on the pertonaanee of 

the digester•• 
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DAILY GAS PRODUCED 
( LITRF.S ) 

J'ERM F.NTriR 
MO . I 
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6.72 0.01 0.0049 
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